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Population ageing is a significant trend in social development and will remain a fundamental national condition in China for the foreseeable future. Socialized older adults care has become a crucial strategy for China to address population ageing. However, the current levels of acceptance and willingness to seek socialized older adults care among older adults are relatively low. This study focuses on examining how the community environment and services influence older adults people’s willingness to engage in social activities related to older adults care. Using data from the China Longitudinal Ageing Social Survey (CLASS) (N = 9,657), this study investigated the impact of the community service environment on older adults people’s willingness to participate in social activities related to older adults care through a logit model. The study revealed that 9.15% of older adults (N = 9,657) in China are willing to engage in social activities related to older adults care. Furthermore, the individual characteristics and family support of older adults play a significant role in shaping their willingness to engage in older adults care. The provision of medical services, daily care services, and entertainment venues by the community positively influence older adults people’s willingness to participate in social activities related to older adults care (p < 0.01), whereas psychological counselling services have a negative impact (p < 0.01). The impact of community services on older adults people’s willingness to engage in social activities related to older adults care varies due to factors such as smoking and chronic diseases. These findings provide valuable insights for improving older adults’ social engagement in China.
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1 Introduction

In recent decades, population ageing has emerged as a global phenomenon (1). While it is a cause for celebration, it also presents significant challenges (2). As the ageing situation becomes increasingly severe, countries worldwide are striving to strike a balance between societal and familial care for older adults people, aiming to provide high-quality care services with minimal social costs while promoting healthy ageing (3). China, home to the world’s largest and fastest-growing older adults population, has witnessed a significant increase in the prominence of older adults care issues. The ageing rate of the Chinese population is remarkably rapid, with the proportion of individuals aged 65 and above exceeding 200 million in 2021 accounting for 14.2% of the national population. This marked a 0.7% increase from the previous year, further deepening the degree of ageing and transitioning society into a moderately ageing society. Furthermore, factors such as the substantial and rapid growth of the older adults population, increased mobility among younger individuals, changes in family structure, and the separation of children and older adults individuals have contributed to the increased role a socialized older adults care model.

In the increasingly competitive market economy, the traditional family older adults care model is becoming less suitable due to the weakening of family care functions, economic burdens, fast-paced urban life, and weakened family relationships. The current state of older adults care is concerning, as the ageing population poses significant challenges to social and economic development. Older adults care is crucial not only for the well-being of older adults people themselves but also for the development of families and society as a whole. It has become a key issue in social and economic development and an integral part of China’s national strategy. To address these challenges, China has introduced a “home-based, community-based, and institution-supported older adults care service system” (4). This model aims to establish a comprehensive service network and support system to address the diverse needs of older adults people. Given China’s unique cultural and demographic characteristics, the older adults care system has gradually transitioned from a family-based model to a socialized model with distinct features. This specific model helps relieve the burden of family care and caters to the professional care requirements of older adults people. However, the current level of socialized older adults care in China faces limitations stemming from factors such as capital investment, operational mechanisms, and mindset (5). Challenges include deficiencies in scale, specialization, service mechanisms, and supply–demand equilibrium. Older adults care institutions lack robust infrastructure, resulting in high vacancy rates, and the outreach of community-based care remains limited. Moreover, despite the aim of the socialized older adults care system to compensate for the decline in family care functions, family-based care remains deeply rooted in Chinese culture and continues to be in high demand. The majority of older adults individuals prefer to stay within their families, with approximately only 10% showing a willingness to opt for institutional care (6). The family setting remains the preferred environment for older adults care, with family members being the primary caregivers for older adults people. The reluctance of older adults people to embrace socialized older adults care poses a barrier to the advancement of this model. In summary, there is a pressing need for ongoing improvement and advancement of the socialized older adults care model in China, considering the cultural values and preferences of older adults people while addressing infrastructure deficiencies, service mechanisms, and supply–demand challenges.

Socialized older adults care services adhere to the principles of diversifying care service providers, making services accessible to the public, utilizing various care methods, and professionalizing care teams. Among these principles, the community plays a crucial role as a vital link between families and society, serving as a platform for distributing and extending older adults care resources. It is considered a pivotal pathway and future direction for addressing the challenges of ageing, with on-site care being the preferred approach for older adults people (7, 8). With the continuous promotion of and improvement in community development in China, there is a focus on encourageing older adults individuals to engage with the community, avail themselves of daytime care and health guidance services, and participate in social activities. Strengthening the functions of the community establishes a solid support foundation for socialized older adults care. In the context of weakened family care functions, community-based older adults care aligns more closely with the preferences and habits of older adults individuals in China, making it a preferred method for socialized older adults care. When older adults individuals are no longer able to care for themselves or lack the necessary conditions for home-based care, institutional older adults care provides an alternative, and the resources of care institutions can also be shared with the community. The community serves as the primary setting for the daily lives of older adults individuals, and the community environment plays a crucial role in their health and well-being. Therefore, communities hold significant importance in older adults care. To further increase the positive impact of communities on older adults care, particularly in increasing the acceptance of socialized care, it is essential to understand how the community service environment influences the willingness of older adults individuals to engage in socialized care. This study aims to explore the relationship between the community service environment and the willingness of older adults individuals to embrace socialized care by examining the specific effects of various types of community service environments. By analysing this relationship, we can gain insights into the further development of socialized older adults care, particularly in terms of targeted provision of and improvement in the community service environment. Socialized older adults care services can better serve and assist older adults people, contributing to healthy ageing.

Therefore, based on a review of current academic research, this paper explores how the community service environment affects the willingness of older adults people to socialize for older adults care using 2020 survey data from the China Comprehensive Survey of Ageing Society (CLASS). Specifically, this study found through a literature review that the community environment has multiple impacts on the lives of older adults people, and there are many factors that affect community willingness to care for older adults people. Therefore, this study focused on the impact of the community service environment on older adults care willingness. While validating previous research regarding the roles of factors such as gender, urban–rural development, education level, and age, this study utilizes the binary feature of older adults care willingness to analyse the specific impact of various aspects of the community service environment on older adults care willingness through logit model analysis and briefly explains the reasons for these impacts. By analysing the relationship between the two, we can provide ideas for further development of socialized older adults care, especially targeted provision of and improvement in the community service environment, so that socialized older adults care services can better serve and assist older adults people and thus achieve healthy ageing.



2 Literature review

Currently, there is significant academic interest in studying the impact of the community environment on the well-being of older adults people. The environment plays a vital role in supporting individuals throughout their lives by providing necessary resources (9). Additionally, there is a reciprocal relationship between individuals and their environments (10, 11). Research conducted by the World Health Organization, examining numerous older adults-friendly cities and communities globally, has shown that a favourable community living environment can mitigate the effects of life stress by offering social resources, thereby promoting healthy and positive ageing (9). First, the physical environment of the community significantly impacts the health of older adults people. Studies have demonstrated that the physical decline and loss of daily activity among older adults people are crucial considerations in promoting public health within the built environment (12). Housing accessibility is closely linked to older adults people’s ability to perform daily tasks (13). Therefore, it is important to develop personalized, age-friendly, and liveable spatial environments that facilitate healthy and positive ageing (14). Urban green spaces are particularly important for the well-being of older adults people because they provide opportunities for physical activity and social interactions (15). Moreover, environmental exposures can pose health risks to older adults people, who are considered vulnerable (16). Efforts to reduce pollution and improve socioeconomic conditions can significantly increase the health and longevity of older adults people (17). Consequently, incorporating environmental sustainability into the development of older adults living environments has garnered considerable attention (14). The community environment also influences the psychological well-being of older adults people. Scholars have explored the relationship between older adults-friendly environments and feelings of loneliness (18). Family environments for older adults people can sometimes be associated with negative experiences such as isolation and loneliness (7). There is a significant correlation between the dependency of older adults people and the availability of environmental resources within the community (19).

Second, regarding the community environment. Many communities in which older adults people reside are not designed to adequately meet their needs (20). However, a conducive environment can effectively address the requirements of older adults people. For instance, outdoor public spaces play a role in fostering and maintaining social connections among older adults community residents, thus fulfilling their social needs (21). Older adults individuals often have specific demands for the communities in which they live, particularly regarding the built environment and access to medical services (22). Therefore, when creating an older adults-friendly environment, priority is often given to the built environment, which includes factors such as accessible public transportation and housing, affordable and accessible healthcare services, and outdoor spaces and buildings that cater to the needs of older adults individuals. These elements contribute to maintaining accessibility for older adults people (23). However, some studies have shown that the impact of the physical environment on the health of older adults individuals diminishes with age, while the influence of the interpersonal environment and social participation increases (24). Furthermore, research has demonstrated a correlation between the community environment and cognitive function in older adults people (25). Enriching environmental stimuli can help prevent or slow cognitive decline (26). Living in a favourable community environment is often associated with a lower likelihood of experiencing depression (27). The community environment also moderates the relationship between social support and health among older adults people (28). Finally, the community environment significantly impacts the quality of life and satisfaction of older adults people. The living environment has a profound effect on the daily lives of older adults people, even surpassing the impact of social interactions (29). Moreover, the entertainment and social environment within the community influence the life satisfaction of older adults people, with the neighbourhood environment positively correlated with life satisfaction (30). Higher levels of activity among older adults people are associated with increased quality of life and satisfaction (31). The neighbourhood environment plays a crucial role in creating older adults-friendly communities (32). Community health services directly affect the health status of older adults people. The level of medical care provided by community health services, combined with the community environment, plays a fundamental role in ensuring the health of older adults residents (33). Daily care services address the living needs of older adults people. Due to physical health decline and limited mobility, older adults individuals require care from others, with specific variations based on their personal health status and family circumstances (34). Some older adults individuals require long-term care (35), while others need assistance with daily activities (36). Additionally, external interventions can help alleviate the burden on older adults families (37). Therefore, the community service environment can influence the preferences of older adults people for care services (8) and improve their overall quality of life (38).

Numerous studies have explored the factors influencing the willingness of older adults individuals to receive care. Family-based older adults care remains the primary choice, while socialized care options such as community-based and institutional care still have significant room for development (6). The willingness of older adults individuals to receive care is influenced by various factors, and extensive research has been conducted to understand how these factors impact their decisions. First, economic factors play a significant role in shaping the willingness of older adults individuals to receive care. For instance, research has shown that care arrangements for older adults people in China are influenced by the balance of family care resources, economic considerations, and social status (39). The economic self-assessment of individuals affects their willingness to receive care later in life (40). Most low-income older adults individuals (80.4%) prefer to receive care at home, even if their health and functional abilities have declined and they are unable to live independently (41). Rural residents generally express a willingness to pay for socialized older adults care services in rural areas, but their own economic conditions may limit their choices (42). Older adults individuals who perceive service fees to be high are more inclined to stay at home due to the high cost of institutional care (43). The economic status of the family (39) and participation in urban resident basic medical insurance (44) also influence the willingness of older adults individuals to reside in institutional care. This suggests that older adults individuals with sufficient economic resources may be more likely to choose nursing homes or other forms of long-term care (44). Conversely, those with limited economic resources may rely more on family care or choose to age in place at home. Second, social support and family relationships have a significant impact on the willingness of older adults individuals to receive care (45). The presence of close family relationships (46), support from children or other relatives (47), living arrangements with spouses and children (48, 49), proximity to children (50), community support and services (51), interpersonal relationships, and spiritual needs (52) can influence individuals’ willingness to receive care. Additionally, the individual characteristics of older adults people also play a role in their willingness to receive care. Some studies indicate that marital status has a positive impact on the acceptance of socialized older adults care (42). However, other studies suggest that widowed older adults individuals may be more inclined to choose institutional care than married older adults individuals (43). Moreover, factors such as gender (40), age (45), rural or urban residence (53), education level (39, 47), and occupation (54) also influence the willingness of older adults individuals to receive care. Studies have shown that older adults individuals in urban areas of China are more likely to opt for nursing home services or prefer government-provided care than those in rural areas (55). Additionally, the personal health status and functional abilities of older adults people are important factors in their willingness to receive care. Self-care abilities and health status have a negative impact, with nondisabled older adults individuals showing significantly less willingness to receive institutional care than those with disabilities (56, 57). The presence of chronic health conditions also influences the choice of older adults care options (11).

In summary, research on the impact of the community environment on older adults individuals has focused primarily on the effects of the community-building environment or the ecological environment on the health of older adults people (14, 16, 58), their cognitive abilities (25, 26), their mental health (27), their life satisfaction (32, 59), and their overall perceived convenience of life (13, 60). While there is relatively little research on the impact of the community environment on older adults care willingness, studies have explored individual sociodemographic characteristics, social support, and economic conditions concerning older adults people’s willingness to receive care (46, 47).

The community serves as a vital component in delivering the “last mile” of community home-based older adults care services and acts as the fundamental social unit for implementing national older adults care service policies. The community service environment is an essential foundation in the daily lives of older adults people (61). As a significant place for the daily routines of older adults people, the community profoundly influences their lives. The demand for socialized older adults care services in Chinese communities has evolved with social development, where the supply level and capacity of urban community public services serve as crucial indicators of urban community governance capacity (62). In response to ageing as a national strategy, China aims to increase the construction of community older adults care service systems, offering high-quality and diverse older adults care services from various entities within the community to meet the diverse service needs of the older adults population and increase their life satisfaction. However, while actively developing older adults care services, it is essential to assess whether providing multiple types of high-quality socialized older adults care services affects older adults people’s willingness to provide care, particularly regarding the potential impact of the community service environment. Understanding these dynamics can help optimize policy design, promote improvements in the community service environment, and increase the acceptance of socialized older adults care among the older adults population. Therefore, this article utilizes publicly available survey data to investigate how the community service environment influences the willingness of older adults individuals to engage in socialized older adults care, aiming to offer insights for refining policy design, advancing the improvement in the community service environment, and boosting the acceptance of socialized older adults care among the older adults population. Therefore, this paper utilizes publicly available survey data to validate relevant research on the factors influencing older adults care willingness and investigates how the community service environment impacts the socialization of older adults care willingness. By referencing the specific aspects of the social service environment highlighted in the literature, selecting pertinent research variables and suitable analytical models, and leveraging the outcomes of the model analysis to elucidate how the community service environment influences the willingness of older adults individuals to engage in socialized older adults care, along with providing potential explanations for these effects, this study offers insights for refining policy, further improving the community service environment, and bolstering the acceptance of socialized older adults care among older adults people.



3 Data sources and methods


3.1 Data sources

The data utilized in this study are derived from the 2020 survey data of China’s CLASS. The CLASS is a national and ongoing large-scale social survey initiative. By systematically gathering data on the social and economic circumstances of the older adults population in China, the project aims to comprehend the diverse issues and obstacles encountered by older adults people during the ageing process and assess the tangible impacts of various social policy measures in improving their quality of life. The CLASS project initiated two pilot surveys in 2011 and 2012, with the inaugural nationwide baseline survey conducted in 2014. Subsequently, the survey was conducted biennially. The CLASS relies on the China Social Survey Network (CSSN) to oversee the entire field data collection process.

It employs a stratified and multistage probability sampling approach, selecting county-level areas (comprising counties, county-level cities, and districts) as primary sampling units (PSUs) and village/neighbourhood committees as secondary sampling units (SSUs). The survey targets Chinese citizens aged 60 and above, employing a sampling method that involves drawing samples from each village/neighbourhood committee. During field investigations, local supervisors lead visiting teams to complete questionnaire visits at various PSUs. Using the address of each SSU as a sampling box, households are selected, and indoor sampling of older adults individuals aged 60 and above is conducted, with one interviewee selected for the interview. Face-to-face visits are conducted for the survey. Additionally, a community questionnaire is administered in each surveyed community. To ensure data quality, on-site supervision, remote data analysis, and telephone verification are employed for quality control throughout the investigation process.

The data collected by the project are shared with the academic community free of charge after cleaning, weight calculation, and documentation writing, offering high-quality data support for academic research and policy development in various fields related to older adults people. The questionnaire design is scientific and systematic, and the data obtained exhibit strong representativeness and robustness, rendering it a valuable resource for numerous scholars studying the older adults population in China. The survey focuses on individuals aged 60 and above across 28 provinces, cities, and autonomous regions in China, with an initial sample size of 11,398 individuals. After excluding missing values for relevant variables, the final sample for this study comprised 9,657 individuals.



3.2 Variable selection and explanation

The specific meanings and coding assignments of each variable selected for this study are provided in Table 1.



TABLE 1 Variable assignments and explanations.
[image: Table listing variables and their descriptions related to older adults. Variables include address, gender, age, education level, marital status, residential arrangements, self-rated health, self-care situation, chronic disease, smoking, logarithm of income, religious belief, medical service, daily life services, psychological counseling service, and place of entertainment. Numerical codes and interpretations are provided for each.]

The dependent variable in this study is the willingness of older adults people to receive care. The questionnaire asked, “Where do you plan to primarily receive care as you age? The individuals who answered “community day care stations or nursing homes” and “nursing homes” were categorized as opting for socialized older adults care and assigned a value of 1. Those who answered “their own home” or “children’s home” were categorized as opting for family older adults care and assigned a value of 0.

The core explanatory variable in this study is the community service environment. Existing research has defined and categorized the community service environment based on different levels or dimensions, such as the nature of the service content or the functional division of community service projects, which are aligned with the needs of community older adults care services (38). Drawing on this research (10), the community service environment is subdivided into four categories: medical services, daily life care, psychological counselling services, and entertainment venues. First, medical services provision healthcare and related services to the community. The questionnaire item “Have you utilized community medical institutions (health service centres, clinics, etc.) in the past 12 months?” had values assigned for “home care,” “home visits,” “rental of rehabilitation aids,” “rehabilitation training,” “free physical examinations,” “establishment of health records,” and “health lectures.” Responses of “Yes” were assigned a value of 1, while responses of “No” were assigned a value of 0. The scores for the seven services were then summed to obtain the medical service score. Higher scores indicate greater availability of medical services in the community. Second, daily life care comprises the assistance and support provided by the community to older adults people in their daily activities. The questionnaire item “Does your community provide the following services?” had values assigned based on the provision of “accompanying patients,” “assistance with daily shopping,” “household chores assistance,” “older adults dining tables or food delivery,” and “daycare stations or nursing homes.” Responses of “Yes” were assigned a value of 1, while responses of “No” were assigned a value of 0. The values for the five services were then summed to obtain the daily life services score. Psychological counselling services comprise the support and guidance provided by the community to older adults people in terms of psychological counselling and relief. The questionnaire item “Does your community provide the following services?” had values assigned based on the availability of “door-to-door visits,” “older adults service hotlines,” “legal aid,” and “psychological counselling.” Responses of “Yes” were assigned a value of 1, while responses of “No” were assigned a value of 0. The values for the four services were then summed to obtain the psychological counselling services score. Finally, entertainment venues are the facilities and spaces provided by the community for older adults individuals to engage in physical activities, socialize, and learn. Answers to the questionnaire item “Does your community have the following activity venues or facilities?” were assigned a value of 1 if at least one venue was available and a value of 0 if no venues were available. The score for entertainment activity venues is derived accordingly.

We used control variables and referred to existing research (50) to further control for other factors that affect older adults people’s willingness to accept care, namely, personal characteristics, family level, and health level factors. These variables include age, gender (male = 1, female = 0), and education level (illiterate,” “private school/literacy class,” “primary school,” “junior high school,” “high school vocational school,” “college” and “undergraduate and above” are assigned values of 0, 3, 6, 9, 12, 15, and 16, respectively), ethnicity (ethnic minority = 0, Han = 1), marital status (in marriage = 1, others = 0), self-care ability (self-care = 1, cannot self-care = 0), urban–rural status (rural = 0, nonrural = 1), living arrangement (living with family = 1, living alone = 0), religious belief (yes = 1, no = 0), self-rated health (“very unhealthy,” “relatively unhealthy,” “average,” “relatively healthy,” and “very healthy” are assigned values of 1, 2, 3, 4, and 5, respectively), chronic diseases (presence = 1, absence = 0), smoking status (smoking = 1, nonsmoking = 0), and logarithmic treatment of individual annual income for older adults individuals.



3.3 Analysis methods

The dependent variable in this study is the willingness to receive social older adults care, which is a binary variable categorized into two groups: not selecting social older adults care (assigned a value of 0) and choosing social older adults care (assigned a value of 1). The data analysis was conducted using STATA 17.0 statistical software, primarily employing binary logistic regression analysis to establish a model and examine the relationships among variables.

In the binary logistic model, the dependent variable is the probability [image: Probability notation showing the probability of Y equals one given x sub i.] (hereinafter referred to as p) of choosing socialized older adults care. To determine the nonlinear relationship between p and the linear regression equation composed of the explanatory variable, [image: Mathematical formula representing a linear regression equation: beta sub zero plus the sum from i equals one to k of beta sub i times x sub i.], [image: Mathematical equation showing Omega equals p divided by the quantity one minus p.] is constructed as the odds ratio, which represents the ratio of the probability of choosing socialized older adults care willingness to the probability of not choosing socialized older adults care willingness. To control this value range between [image: Mathematical expression showing the interval from negative infinity to positive infinity, denoted as open parentheses negative infinity comma positive infinity close parentheses.], the logarithm of [image: Greek letter Omega symbol, often used to represent ohms, the unit of electrical resistance.] is taken. A multiple factor binary logistic regression model is obtained, expressed in Eq. 1:

[image: Equation of logistic regression is shown. Logit of \(p\) equals the natural logarithm of \( p \) over \( 1-p \), equaling \( \beta_0 + \sum_{i=1}^{k} \beta_i x_i \).]

where p is the dependent variable, representing the probability of residents choosing socialized older adults care; k represents the number of variables; [image: The image shows a mathematical notation with an "x" followed by a subscript "i".] is the explanatory variable, including the core explanatory variable and control variable composed of community medical services, daily life services, psychological counselling, and entertainment venues; [image: Greek letter beta with a subscript zero.] is a constant term; and [image: The image shows the Greek letter beta, β, with a subscript "i".] is the parameter to be estimated.

We logarithmize Eq. 1 to obtain Eq. 2:

[image: Logistic regression equation showing the odds ratio: \( \frac{p}{1-p} = e^{\beta_0 + \sum_{i=1}^{k} \beta_i x_i} \). Equation is labeled as number 2.]

Finally, we obtained Eq. 3.

[image: The equation displays the probability \( p = \frac{1}{1 + e^{-\left(\beta_0 + \sum_{i=1}^{k} \beta_i x_i\right)}} \).]

At this point, the modelling is completed.




4 Results


4.1 Survey sample overview

The basic information of the sample is presented in Table 2. In terms of the gender structure of the survey subjects, there were 4,854 male participants, accounting for 50.26% of the sample, and 4,803 female participants, accounting for 49.74%. The gender distribution was relatively balanced. Regarding the urban–rural divide, 45.62% of the respondents were from rural areas, while 54.38% were from nonrural areas. In terms of educational level, 2,328 older adults individuals were illiterate, accounting for 24.11% of the sample. Approximately 61% of the participants had received primary and secondary education, and 10.4% had a high school education or above. Only 5.18% of the older adults participants had clear religious beliefs, while 94.82% did not have specific religious beliefs. Among the participants, 6,910 older adults individuals did not smoke, accounting for 71.55% of the sample, while 28.45% of the older adults participants smoked. In terms of self-care, 93.65% of older adults individuals were capable of taking care of themselves, while 6.35% required assistance from family or others for daily activities. Regarding chronic diseases, a relatively high proportion of older adults individuals (78.60%) suffered from chronic diseases, while 21.40% did not have any chronic diseases.



TABLE 2 Descriptive statistics of sample variables (N = 9,657).
[image: Table displaying various characteristics with frequency and relative frequency percentages. Categories include willingness (social and family pension), gender, address, education level, self-care situation, chronic disease, smoking, and religious belief. Summary statistics show mean and standard deviation for income and age.]

In terms of the overall willingness of the survey participants to provide older adults care, the inclination towards socialized older adults care methods was relatively low, with only 9.15% of older adults individuals expressing a willingness to choose such options. Most older adults individuals still preferred family-based older adults care. This indicates that the willingness of older adults individuals in China to opt for socialized older adults care is not particularly high. Therefore, it is crucial to identify the factors that influence their willingness, particularly whether the community service environment significantly affects their inclination to seek older adults care.



4.2 Model analysis

This article aims to analyse the impact of the community service environment on the willingness of older adults people to engage in social activities for older adults care. To achieve this, a model is constructed to examine the effects of the control variables and independent variables on the dependent variable. The results of this analysis are presented in Table 3.



TABLE 3 Logit model analysis of community service environment on the willingness of the older adults to provide for the aged socially.
[image: A table comparing coefficients and standard errors from five models. Variables include medical service, daily life services, psychological counseling, and others. Significance levels are indicated by asterisks: * for p<0.1, ** for p<0.05, *** for p<0.01. Each model's constant and R-squared values are listed, with identical sample sizes of 9,657.]

Studies have extensively examined the factors influencing the retirement preferences of older adults individuals. In this study, Model 1 incorporates several control variables, including urban and rural areas, gender, age, and education level, to investigate their impact on the willingness of older adults individuals to engage in social activities for older adults care. The findings reveal that certain control variables significantly influenced this willingness. Specifically, age exhibited a significant negative association with the willingness of older adults individuals to participate in socialized older adults care. This suggests that older individuals are less inclined to accept socialized older adults care and are more likely to prefer family-based care. On the other hand, the level of education and personal annual income have a positive effect on the willingness of older adults individuals to engage in socialized older adults care. Higher education levels and personal income corresponded to a greater willingness to accept socialized older adults care. Furthermore, residential arrangements, self-rated health, and self-care abilities exhibited a significant negative impact on the willingness of older adults individuals to participate in social activities for older adults care. Older adults individuals who did not live alone were less willing to embrace socialized older adults care, and those who perceived their health as better also showed a reduced willingness. Conversely, the presence of chronic diseases positively influenced the willingness of older adults individuals to engage in socialized older adults care, indicating that individuals with chronic illnesses are more inclined to accept this form of care. Moreover, older adults individuals who smoked displayed an even lower willingness to participate in socialized older adults care. In contrast, factors such as gender, urban and rural residency, marital status, and religious beliefs did not significantly affect the willingness of older adults individuals to engage in social activities for older adults care.

Model 2 incorporates four key independent variables related to the community service environment, namely, medical services, daily life services, psychological counselling services, and facility locations. The analysis results from Model 2 indicate that even without including control variables such as urban and rural residency and gender, medical services, daily life services, psychological counselling services, and entertainment venues significantly influenced the willingness of older adults individuals to engage in socialized older adults care, confirming the research hypothesis. Among these variables, medical services, daily life services, and entertainment venues exhibited a significant positive impact on the willingness of older adults people to accept socialized care. This finding implies that well-developed community medical services, daily life services, and facilities play crucial roles in increasing the willingness of older adults people to embrace socialized older adults care, which aligns with the initial research hypothesis. However, it is noteworthy that psychological counselling services decreased the willingness of older adults individuals to engage in socialized older adults care. In other words, increased utilization of psychological counselling services by older adults people was correlated with a decreased willingness to accept socialized older adults care, contradicting the original research hypothesis.

Model 3 incorporates both key independent variables and control variables for analysis. Compared to Model 1, Model 2 shows certain improvements, and the causal relationship between the community service environment and the willingness of older adults individuals to engage in socialized older adults care remained consistent with that of Model 2. The presence of medical services, daily life services, and entertainment venues within the community service environment significantly and positively influenced the willingness of older adults individuals to socialize for older adults care, in line with the research hypothesis. However, the utilization of psychological counselling services did not facilitate the acceptance of socialized older adults care by older adults people, contradicting the research hypothesis.

Models 4 and 5 were validated using probit and linear regression models, respectively, based on the findings from Model 3. The results from Models 4 and 5 are largely consistent with those from Model 3. The community service environment had a significant impact on the willingness of older adults individuals to engage in socialized older adults care, supporting the research hypothesis. Specifically, the presence of community medical services, daily life services, and entertainment venues positively influenced the willingness of older adults individuals to socialize for older adults care. However, psychological counselling services did not increase the willingness of older adults individuals to engage in socialized older adults care but rather had a significant negative impact, contrary to the research hypothesis.



4.3 Heterogeneity analysis

To explore potential variations in the impact of the community service environment on the willingness of older adults individuals to engage in social activities for older adults care, this section conducts a heterogeneity analysis based on factors such as smoking habits and chronic disease status. The older adults population was divided into groups according to these characteristics, and the differences in the impact of the community service environment on people’s willingness to socialize for older adults care were further examined. The results of this heterogeneity analysis are presented in Table 4.



TABLE 4 Estimated results of heterogeneity analysis.
[image: Regression table showing four models comparing different factors like medical services, daily life services, psychological counseling, and places of entertainment across smoking, non-smoking, no chronic diseases, and having chronic diseases. Coefficients and standard errors are presented with significance levels noted as asterisks, ranging from 0.1 to less than 0.01. N values indicate sample sizes: 2,747 for smoking, 6,910 for non-smoking, 2,067 for no chronic diseases, and 7,590 for having chronic diseases. Control variables are included.]

The estimation results of Models 6 and 7 indicate that the influence of medical services, daily care services, and psychological counselling services in the community service environment on the willingness of older adults individuals to engage in social activities for older adults care did not vary with smoking status. However, the impact of entertainment venues on the willingness of older adults individuals to participate in socialized older adults care was influenced by smoking status. Specifically, for nonsmoking older adults individuals, entertainment venues had a positive and promoting effect on their willingness to engage in social activities for older adults care. On the other hand, for smoking older adults individuals, the positive impact of entertainment venues on their willingness to participate in socialized older adults care was not statistically significant.

The estimation results from Models 8 and 9 indicate that the willingness of older adults individuals to engage in social activities for older adults care was not influenced by daily life services of entertainment venues in the community service environment. Moreover, there was no difference in the impact of these factors based on whether older adults individuals had chronic diseases, as both showed significant positive effects. However, there were variations in the impact of medical services and psychological counselling on the willingness of older adults individuals to engage in social activities for older adults care, depending on whether they had chronic diseases. Specifically, for older adults individuals with chronic diseases, community medical services had a significant positive impact on their willingness to participate in socialized older adults care. This suggests that the presence of quality medical services in the community encourages older adults individuals with chronic diseases to embrace socialized older adults care. On the other hand, this impact was not statistically significant for older adults individuals without chronic diseases. Similarly, for older adults individuals with chronic diseases, community psychological counselling had a significant negative impact on their willingness to engage in social activities for older adults care. This implies that psychological counselling services in the community make older adults individuals with chronic diseases less inclined to accept socialized older adults care. However, this impact was not significant for older adults individuals without chronic diseases.




5 Discussion

The willingness of older adults individuals to engage in social activities for older adults care is influenced by various factors, as supported by previous studies. This study validates the findings of previous research in several ways. First, the study confirms that the individual characteristics and the family environment of older adults people impact their willingness to participate in social activities for older adults care. Consistent with previous studies (45, 47), older individuals are more inclined towards family-based older adults care, resulting in a lower willingness to engage in socialized older adults care. Additionally, the positive effects of education level, personal annual income, and willingness to engage in social activities for older adults care among older adults people align with previous findings (39, 43, 47). Moreover, the study revealed that living arrangements, such as living with a spouse and children, significantly impact the willingness of older adults individuals to engage in social activities for older adults care, consistent with previous findings (48, 49). Family care and support from children (47) make individuals more inclined to prioritize family care. The health status of older adults people also significantly influences their willingness to engage in social activities for older adults care, with self-care ability showing a notable negative impact (57). Additionally, chronic diseases positively influence the willingness of older adults individuals to engage in social activities for older adults care (11). Older adults individuals with chronic diseases are more willing to accept socialized older adults care due to their increased need for care, particularly medical services. Furthermore, the study revealed that older adults individuals who smoke are less willing to accept socialized older adults care. This can be attributed to the fact that socialized older adults care may restrict their smoking habits, conflicting with their long-term smoking behaviours. As a result, they may resist external constraints on their lifestyle choices. However, the study did not find a significant impact of factors such as gender, urban or rural residency, or marital status on the willingness of older adults individuals to engage in social activities for older adults care. These results conflict with previous findings (40, 43, 55), possibly due to differences in sample selection.

The community service environment exerts a substantial influence on the willingness of older adults individuals to engage in socialized older adults care, confirming the research hypothesis. Retirement and physical limitations often confine older adults individuals to their homes and communities, making the community environment highly significant (63). The impact of the community environment on older adults people is multifaceted, particularly regarding the social service environment (54). Previous studies have demonstrated that a favourable community environment can mitigate the effects of life stress by providing social resources, thereby promoting healthy and positive ageing (9). This provides an explanation for the inclination of older adults individuals towards socialized older adults care. Older adults people have a desire for self-realization and enjoyment in their later years, and the community can provide support in fulfilling these needs. This study validates these findings.

First, the study revealed that the community medical service environment significantly increases the willingness of older adults individuals to engage in social activities for older adults care. As older adults individuals experience physical decline and multiple health issues, their demand for a suitable community medical service environment becomes essential (22). This explains why a favourable medical service environment in the community positively impacts the willingness of older adults individuals to engage in socialized older adults care. Access to quality medical services enables older adults people to maintain their dignity and quality of life, making socialized older adults care a more natural choice.

Second, the study highlights the significant impact of daily care services on the willingness of older adults individuals to engage in social activities for older adults care. Caring for an older adults family member is often described as challenging (64), and it can also hinder the daily lives of caregivers, particularly their mobility. In this context, the provision of daily care services by the community meets the life needs of older adults people, making them more willing to participate in socialized older adults care.

Third, community psychological counselling services is significantly and negatively correlated with the willingness of older adults individuals to engage in socialized older adults care. Several factors may explain the inconsistency between these results and the initial hypothesis. It is believed that while older adults-friendly environments can influence the psychology of older adults people (18), social support plays a crucial role in individuals’ mental well-being (65). Among various older adults care approaches, socialized older adults care is gradually gaining popularity. However, traditional beliefs deeply ingrained in Chinese older adults individuals often lead them to prefer family-based older adults care. This preference stems from the belief that external psychological comfort cannot replace the emotional satisfaction derived from familial relationships, particularly the spiritual care provided by spouses and children. First, within the familial older adults care setting, older adults individuals receive care from their spouses and children and experience the warmth of family affection. Given the profound emphasis on family values in China, older adults individuals aspire to spend their later years at home, surrounded by the care and love of their families. This emotional fulfilment cannot be provided by community psychological counselling services. Second, as their children pursue work opportunities, older adults people may lack continuous care and attention, potentially resulting in feelings of loneliness and emptiness. In such circumstances, they yearn for emotional support and psychological solace from their families, which community-based psychological counselling services may not adequately provide, failing to meet their innermost needs. Moreover, there is a notable disparity between the desire for familial care and the psychological counselling services offered by the community, intensifying their desire for emotional support and psychological comfort from their families. Concerns about potential alienation from family and friends, the erosion of existing social networks, and heightened feelings of loneliness may deter older adults individuals from opting for socialized older adults care, reinforcing their preference for family-based care. Cultural norms, the unique nature of spiritual solace provided by children, and apprehensions regarding future social interactions are key factors contributing to the limited efficacy of community psychological counselling services in fostering the willingness of older adults individuals to engage in socialized older adults care.

Fourth, the study revealed that community entertainment venues positively increase the willingness of older adults individuals to engage in social activities for older adults care. Age-friendly and liveable spatial environments contribute to healthy and positive ageing (14). Older adults individuals require physical venues that provide safe spaces for recreational activities and social interactions (15, 32). Entertainment venues facilitate the formation and maintenance of social relationships among older adults residents in the community (21), meeting their social needs. This positively impacts the health of older adults people (24), helps them maintain their cognitive abilities (26), reduces their rate of depression (27), and ultimately increases their life satisfaction (30, 31). The presence of community entertainment venues can fulfil the needs of older adults people and, to some extent, increase their willingness to engage in social activities for older adults care.

The impact of the community service environment on the willingness of older adults individuals to engage in social activities for older adults care varies across subgroups, such as those with chronic diseases and smokers. In China, there is a concerning prevalence of chronic diseases among older adults people (66), which often necessitates increased medical care services. For older adults individuals with chronic diseases, a well-developed community medical service environment tends to make them more inclined towards socialized older adults care. However, this impact is not significant for older adults individuals without chronic diseases. On the other hand, community psychological counselling services have a significant negative impact on the willingness of older adults individuals with chronic diseases to engage in social activities for older adults care. This implies that psychological counselling services may make older adults individuals with chronic diseases less inclined towards socialized older adults care. It is possible that older adults individuals with chronic diseases are more psychologically fragile due to their long-term illness and require more spiritual comfort. However, in Chinese culture, the care provided by the community is often considered less significant than the care received from one’s own children and family, which may contribute to this difference. Additionally, there is heterogeneity in the impact of entertainment venues on the willingness of older adults individuals who smoke to engage in social activities for older adults care within the community service environment. For older adults smokers, the positive impact of entertainment venues on their willingness to engage in social activities for older adults care is not significant. This can be attributed to the strong promotion and implementation of “smoking is prohibited in public places” and “smoking is harmful to health” policies. Their smoking behaviour is greatly restricted in entertainment venues, which may explain why these venues do not increase their willingness to engage in social activities for older adults care.



6 Conclusion

We aimed to investigate the influence of the community service environment on the willingness of older adults individuals in China to engage in social activities for older adults care. Previous studies have shown that various factors affect the retirement preferences of older adults individuals (54). In this study, we collected survey data to analyse and validate the impact of individual characteristics, family economic conditions, and support from children on the willingness of older adults individuals to seek socialized older adults care. Additionally, we found that the community, which is the primary living environment for older adults individuals, significantly influences their willingness to engage in older adults care, particularly in terms of the community service environment. Good community medical services, daily care services, and activity venues all increase the willingness of older adults individuals to participate in social activities for older adults care. However, the provision of psychological counselling services has the opposite effect. These findings provide valuable insights for improving the community environment and delivering higher-quality services. Importantly, due to the limitations of the questionnaire and sample, some conclusions of the study may not align with previous findings. In future studies, we will further explore the reasons underlying the impact of the community service environment on the willingness of older adults individuals to engage in social activities for older adults care, particularly why the provision of psychological counselling services does not increase their willingness to participate in such activities.
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Background: Analyzing the differences in caregiving models for disabled older adult individuals after stroke and the influencing factors, to provide a basis for addressing relevant social demographic issues.
Methods: The older adult diagnosed with stroke were screened from the Chinese Geriatric Health Survey (CLHLS), and were further divided into subgroups of disability, which was based on their ability of or whether they need help in performing activities such as dressing, bathing, eating, toileting or bowel and bladder control using the international common Katz scale. The care model was divided into formal care, informal care and home care. Multivariate logistic regression was used to screen the influencing factors of the choice of care model for the disabled older adult after stroke.
Results: The results of univariate analysis showed that there were statistical differences in the choice of care mode among different ages, household registration types, number of children, years of education, degree of disability, community services, retirement pension, marital status and medical insurance. Multiple logistic regression showed that, The rural older adult with more children, shorter education years, living with spouse and no help from community tend to choose informal care. Older adult people with higher levels of education, urban household registration, and access to community services are more likely to choose formal care. Older adult women with multiple children are more likely to receive care from their children.
Conclusion: In the future, vigorous support for the development of formal caregiving institutions and the improvement of the management system of formal caregiving will help enhance the subjective initiative of disabled older adult individuals in choosing caregiving models and alleviate the burden of family caregiving.
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1 Introduction

The 2019 Global Disease Burden (GDB) showed that stroke remains the second leading cause of death globally and the third leading cause of death and disability. Moreover, China has the highest lifetime incidence of stroke, the incidence of stroke has been reported to be 345.1 per 100,000 individuals (1), and there were consistent annual increases in the prevalence of stroke in China between 2013 and 2019, from 2.28 to 2.58% (2). Stroke is associated with high morbidity, a high prevalence of disability, a high mortality rate, a high rate of recurrence, and a significant economic burden (3). Most stroke survivors experience forms of disability, such as dysphagia, aphasia, social impairment, and cognitive abnormalities, which tend to persist (4). Owing to cultural factors, such as “filial piety” values, and the limited medical resources available for rehabilitation in China, most patients who experience stroke are discharged from hospital and family members assume the responsibility for care (5). Older survivors of stroke are at significantly higher risks of events including falls, aspiration pneumonia, getting lost or wandering, and pressure ulcers than other older individuals (6). Unlike for other progressive diseases, someone who has experienced a stroke has unpredictable care needs (7), and therefore caregivers must be adequately prepared for the discharge of the patient from hospital and capable of providing long-term care (8, 9), which often involves dedicating themselves entirely to this role. Family members inevitably experience the impact of the disease themselves (10), and the prolonged intensive caregiving duties can negatively affect their mental health and quality of life, in addition to imposing a significant financial burden (11, 12). In particular, partners and spouses are at a high risk of anxiety and depression (13). Thus, stroke not only has significant effects on the patient’s quality of life (14), but also places substantial burdens on both families and society as a whole (15).

Because China has the largest population of people with disabilities in the world, it has a larger demand for care from older people with disabilities than any other country. Therefore, pension and care issues have always been important nationally (16). Kinship serves as the foundation of caregiving (17), but with the aging of the first generation of only children’s parents in China, children are gradually becoming the primary potential caregivers for the older adult population (18). Moreover, Chinese culture has long emphasized the importance of raising children to support their parents in their old age. In China, the establishment of formal nursing institutions is relatively scattered and the development is not yet mature enough. Furthermore, not all older adult individuals can afford the associated fees (19, 20), family size and economic status still largely determine the approach to caregiving in older people with disabilities (21, 22).

The caregiving model can be categorized as formal care or informal care, according to whether or not professionals are involved. Formal care involves the provision of paid professional assistance by institutions and nursing professionals, while informal care comprises unpaid support offered by family members, friends, or social workers (23). In China, 83.0% of older people with disabilities choose to have home-based care (24), but the care of older people with stroke-related disability is not solely a family matter, but also a societal concern (16). As families continue to shrink in size, the following hierarchy is generally followed with respect to the provision of care for older individuals with disabilities in China: care by a spouse, followed by care by a child, and finally care by other relatives or paid caregivers/institutions if the first two cannot meet the requirements of the patient adequately (25).

In the present study, we have analyzed the existing caregiving models and the factors influencing their selection for the care of older individuals with stroke-related disability, based on hierarchical compensation theory. For this purpose, older people residing in nursing homes were categorized as receiving formal care, while those receiving care from family members, relatives, friends, or neighbors were categorized as receiving informal care. In addition, older individuals who were receiving care from professional visitors and social services were classified as receiving home care. We compared people receiving formal, informal, or home-based with respect to their demographics and the factors influencing the choice of these types of care.



2 Materials and methods


2.1 Data sources

We analyzed data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), organized by the Center for Healthy Aging and Development of Peking University/National Institute of Development Research. The survey covered 23 provinces, municipalities, and autonomous regions in China, and the participants were people aged ≥65 years and their children aged 35–64 years. A total of 15,874 people aged ≥65 years were interviewed during the eighth follow-up survey in 2017–2018. The investigators were registered with and given access to the data platform.



2.2 Selection of patients and classification of disability

The key English word “stroke” was used to screen older adult patients with stroke. The types of stroke were unspecific in the CLHLS database while 70% of strokes were acute ischemic stroke in China (26). This study analyzed data exclusively from disabled older adult individuals diagnosed with stroke. The Activity of Daily Living (ADL) scale was used to quantify the need for help with six daily activities (dressing, bathing, eating, going to the toilet, bowel and bladder control, and indoor activities). If help was required with one or more of these items, the presence of disability was recorded, and the degree of disability was classified according to the number of items for which help was required. If help was required for 1–2 items, 3–4 items, or 5–6 items, the participants were classified as having mild, moderate, or severe disability, respectively (27).



2.3 Objectives and methods

This study analyzed disabled older adult individuals with stroke, excluding those who were fully capable of independently performing daily activities, and removed samples with missing key variables. Ultimately, data from 629 disabled older adult stroke patients were included for analysis. Microsoft Excel was used to compile and organize the data, and SPSS v.26.0 (IBM, Inc., Armonk, NY, United States) was used for data analysis. Missing data were processed using two methods: data with missing values in variables exceeding 20% were deleted, and simple imputation was applied to address other missing data. Mode imputation was used for categorical data, and median or mean imputation was used for continuous data. Mean ± standard deviation and median (interquartile range) are used to summarize continuous data, and variance analysis or a non-parametric test was used to compare datasets. Percentages or ratios are used to describe categorical data, and the χ2 test was used to compare the datasets. Multivariate logistic regression was used to identify factors influencing the choice of care model. The tests were all two-sided, and p < 0.05 was considered to represent statistical significance.




3 Results


3.1 General condition of the participants

A total of 629 older people with stroke-related disability were included, of whom 478 (80.0%) were receiving informal care, 95 (15.1%) were receiving formal care, and 56 (8.9%) were receiving home care. They comprised 269 men (42.8%) and 360 women (57.2%); 316 (50.2%) were urban residents and 333 (49.8%) were rural residents. Their mean age was 90.5 ± 9.8 years, and their mean duration of education was 3.99 ± 7.99 years. There were 213 participants (33.9%) with mild disability, 130 (20.7%) with moderate disability, and 286 (45.5%) with severe disability. Furthermore, 292 participants (46.4%) received community services and 337 (53.6%) did not. The mean numbers of children and sons were 3.63 ± 1.83 and 1.79 ± 1.25, respectively. In addition, 173 (27.5%) were married and living with their spouse, and 456 (72.5%) were widowed, divorced, or married but not living with their spouse. Finally, 254 participants (40.4%) had a retirement pension; 161 (25.6%) had a pension funds, 506 (80.5%) had medical insurance (including free medical insurance, urban employee/resident medical insurance), new rural cooperative medical insurance, or commercial medical insurance, and 163 (25.9%) had pension insurance.



3.2 Results of the univariate analysis of the various care models

The univariate analysis showed that there were significant differences in the participation in the various care models with respect to age, household registration type, number of living children, the duration of education, the degree of disability, community service status, pension status, marital status, and medical insurance (p < 0.05), as shown in Table 1.



TABLE 1 A comparison of basic conditions of care models for disabled older adult stroke patients.
[image: Table comparing formal, informal, and home care across various demographic and health variables such as sex, age, residence, disability, community services, pension, marital status, and medical insurance. It includes statistical values and p-values for significance. Key notes explain terms like community services and rating scales.]



3.3 Results of the multiple logistic regression analysis of the various care models

We used the care mode as the dependent variable and the informal care model as the control group, and the factors identified as significant on univariate analysis were included in the multiple logistic regression model. The result of a parallel test was p < 0.001, suggesting that the disordered multiple logistic regression analysis could be used. However, the generalized variation-inflation factors for age and the degree of disability were 22.3 and 329.1, respectively, suggesting that the model may involve collinearity. Therefore, the unordered multi-class logistic regression analysis was performed again after removing these two variables. Compared with the informal care model, having more children and more female children, having medical insurance, and living with a spouse were found to be protective factors for the formal care model (p < 0.05); whereas higher education level, urban household registration, and having community help were found to be risk factors (p < 0.05). This implies that rural-dwelling older people with more children, who had a shorter duration of education, who lived with their spouse, and who had no help from the community tended to choose the informal care model. Compared with the informal care model, a longer duration of education, an urban household registration, other marital status (including widowed, divorced, or married but not living with their spouse), and having a pension were risk factors for the home care model (p < 0.05). This implies that urban-dwelling older people with a higher educational level, who were not living with their spouse, and who had a retirement pension were more likely to choose the home care model. See Table 2 for further details.



TABLE 2 Analysis of factors influencing care models for disabled older adult stroke patients.
[image: Table showing statistical analysis of factors affecting formal and home care use. Variables include number of children, education, residence, marital status, medical insurance, retirement pension, and community services. Key metrics are regression coefficient (β), standard error (SE), Wald Chi-Square value, p-value, and odds ratio (OR) with 95% confidence interval (CI). Significant values are highlighted with *p<0.05 and **p<0.01.]



3.4 Subgroup analysis of the use of the informal care model

The participants who received informal care were next further studied. The caregivers for these participants were categorized according to their caregiver (108 received care from a spouse, 366 received care from children, and 4 received care from people with other relationships), and then their situations were compared. Because there were only four participants who received care from people other than their spouse or children, this group was not included in the comparison. We found that the informal care model used was related to sex, age, the number of existing children, the duration of education, living standard (self-evaluated), health status (self-evaluated). See Table 3 for details.



TABLE 3 Comparison of basic information on the informal care models for disabled older adult stroke patients.
[image: Table displaying statistical data on care from children and spouses across various variables such as sex, age, residence, marital status, number of children, education, and more, with significant p-values highlighted.]

To further explore the factors associated with the type of informal care, a binary logistic regression equation was fitted, using care by children as the control group. We found that older women with more children were more likely to be cared for by their children. See Table 4 for further details.



TABLE 4 Analysis of factors influencing informal care mode for disabled older adult stroke patients.
[image: Table showing the relationship between various variables and odds ratios. Variables include gender (female), age, number of children, education, self-evaluated living standard, and self-evaluated health status. The table includes columns for regression coefficient (β), standard error (SE), Wald Chi-Square value (Waldχ²), p-value (P), and odds ratio with confidence interval (OR 95%CI). Significant results include gender, age, and number of children with p-values less than 0.05.]




4 Discussion


4.1 Older people with many children who live with their spouse and have medical insurance are more likely to receive informal care

Informal care is unpaid, and is therefore rooted in love and a feeling of responsibility (28). The Chinese culture has a fundamental belief in raising children to provide care during old age, and therefore families with ample human and social resources prefer informal care. Furthermore, older individuals with multiple children have greater access to informal care resources (29). Therefore, informal care is frequently considered to be a substitute for formal care (28). However, as China’s economy and society continue to develop, families are becoming smaller and more nuclear. Younger generations may struggle to balance their work and familial obligations, resulting in a more limited ability to provide adequate care for their older adults. As a result, spouses are becoming the primary source of care, and their capability ultimately determine whether patients who experience stroke can be discharged from hospital (30). This is consistent with the findings of Nguyen (31). Medical insurance plays an important role in determining whether older individuals receive informal care, probably because it covers hospitalization expenses, which reduces the financial burden on families, enabling them to be able to afford home care costs (32). The study by Gao (33) showed that older people with disabilities who live in rural areas tend to adopt a “rotation” method when they have multiple children, allowing their children either to visit or take them to their own homes for personal care. This approach reduces the burden on individual children while permitting personalized attention from loved ones. Therefore, those who have many children are more willing and better equipped to receive informal care.



4.2 Urban-dwelling older people with a higher educational level, a higher level of disability, and access to community services are more likely to receive formal care

In the 1980s, as a result of the “family planning” policy (34), couples were restricted to having only one child. The educational level of older adults determines their income source and socioeconomic status, with most being employed in formal work and therefore being constrained by the policy, such that they predominantly have a single child. Such single children are unable to share responsibility for older adult care, unlike individuals from multi-child families, and therefore can only provide limited care and economic assistance (35). Older individuals with higher levels of education are more likely to receive formal care, to be able to access information and resources related to such care, and to have the financial means to support it.

The community services provided indirectly reflect the living standards of older adults. In China, middle-and high-grade communities provide corresponding levels of property management for their residents. Therefore, older individuals who have access to these community services have better living conditions and higher economic status. The care institutions for older people in China are primarily concentrated in urban areas (36), meaning that urban-dwelling seniors have better access to formal care than their rural counterparts. However, severe disability necessitates the investment of more time and energy into daily caregiving, and this not only involves physical exertion but also tests the psychological well-being of the caregivers. Caring for older people with severe disabilities is more likely to cause fatigue, anxiety, depression, and other negative emotions that significantly affect the quality of life of caregivers (37, 38). The sequelae following a stroke encompass a spectrum of manifestations, ranging from dysphagia, limb paralysis, and aphasia to the onset of dementia and beyond (39), caregivers need specific professional knowledge and skills in order to provide optimal care for such older people, and those who feel that their partners or relatives are unable to fully manage their lives after a stroke frequently experience feelings of confusion and uncertainty after their partner or relative is discharged from hospital (40). For various reasons, family members may choose to place their older loved ones into professional nursing institutions so that they can receive expert care (41).



4.3 Urban-dwelling older people with disabilities who have higher levels of education, receive a pension, and are divorced or widowed are more likely to live at home

Home-based care options include the use of community-based services or assistance provided by caregivers or professional visitors. Older individuals who receive a pension are more financially capable of affording such care. Compared to those who have living spouses, older individuals who do not are less likely to use home-based care, because they are reluctant to disrupt their children’s lives. Previous studies have shown that in the absence of spousal care, some older individuals exhibit a “partition effect” that causes a deviates from the hierarchical compensation theory of caregiving. This means that without spousal support, certain seniors choose professional in-home services or institutional care, instead of relying on their children for assistance (42), which is consistent with the findings of the present study. Furthermore, previous studies have demonstrated a significant substitution effect with professional in-home care services and institutional care among older individuals with disabilities. Specifically, as the economic conditions of the country have improved, there has been no significant change in the likelihood of choosing institutional care, but there has been a notable increase in the use of professional in-home services (43). There has been a shift in caring practices for older people with disabilities from home-based care toward institutional care, and then toward de-institutionalization (44). Whether choosing home-based care—professional visitors and social services provided at home, or formal care—residing in nursing homes, both require the older adult to have sufficient financial means to afford these services and a willingness to accept this care model. This is because both of these care models contradict China’s traditional belief in filial piety and caregiving responsibilities. Therefore, although the conclusion suggests that older adult individuals choosing home-based care and formal care share common characteristics—higher education levels and urban residency, this conclusion is entirely consistent with the current situation in China.



4.4 Selection of care by children or a spouse under the informal care model

Men are more likely to receive care from their spouse than women, which may be explained by the tradition in China that women are the more caring, considerate, and gentle sex. In most Chinese families, women are referred to as “housewives,” and are thought to be more suited to the role of caregivers. Thus, older women who have multiple children are more likely to be cared for by their children (21). However, the study by Wu et al. (41) showed that women are more likely to receive social care. These contradictory findings may be explained by differences in the classification method used in these studies; older people receiving institutional care were classified as receiving formal care in the latter study.

Furthermore, older women with stroke-related disabilities need more care than those with other types of disability, because of their lesser ability to take care of themselves. The required care is not only physical, but also includes the need for spiritual comfort. Because many women will have put more effort into raising their children than their partners, it may be that their children will be more inclined to take care of their mothers when they need care. Moreover, many older women will have been widowed. Therefore, children may not choose to install their parent in a nursing home, but may instead choose to take care of them themselves (45).

There is a paucity of data on the selection of different cares with a specific disease. The present study, using a Chinese database updated in 2018, demonstrated that 15.1, 80.0 and 8.9% of older adult patients with strokes chose formal care, informal care and home care, respectively. Using the same database updated in 2014, another study showed that 3.6 and 88.4% of all disabled older adult patients, irrespective of causes, chose formal care and informal care, respectively (46). It was predicted that formal care might be more popular among older adult people in the future (47).




5 Conclusion

The choice of care model for older people with stroke-related disabilities is affected by many factors, including personal, family, social, and financial factors. At present, such individuals generally receive informal care from family members in China, and their spouses are the typical principal caregivers. Furthermore, owing to the relatively early stage of development of care institutions in China, bed shortages, high fees, and financial constraints, formal care institutions have not been fully accepted by the public and the system is not of a high standard. However, policies are expected to be introduced that will improve the management of formal care institutions, develop social care, and promote the implementation of long-term care insurance, which should help overcome the financial or human resource limitations to the care of older people with disabilities and their families, and permit respite care to be provided. Owing to its various sequelae, stroke presents great challenges in the care of older people. Communities should play a leading role in organizing volunteers to provide relevant knowledge about, and assistance with, care, and help caregivers provide more professional care to such older people in their homes, to reduce the risk of complications and adverse events and improve their quality of life.
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Objectively In objective terms, the return of rural labor force shortens the spatial distance with parents, leading to changes in caregiving support, emotional support, and financial support for parents, thereby affecting the health status of parents. This article, using data from the Chinese Family Panel Studies, analyzes the characteristics of the health status of parents with and without returning migrant children. By employing multiple linear regression models, PSM models, and IV-2SLS methods to address endogeneity bias, the study preliminarily explores the impact of rural labor force return on parental health. The results show that: (1) among the 5,760 older adult individuals, 1866 of them have returning migrant chil-dren, while the remaining 3,894 do not have returning migrant children. (2) Parents’ health status generally follows a normal distribution, with a small proportion of parents having very poor or very good health. The proportions of parents with relatively poor, fair, and relatively good health status range between 20 and 40%. Among parents with returning chil-dren, 40.12% have relatively poor health status, 45.01% have fair health status, and a small proportion have very poor or very good health status. In contrast, among parents without returning children, the proportions of parents with relatively poor, fair, and rela-tively good health status are 21.69, 33.21, and 38.45%, respectively. When parents tran-sition from not having returning children to having returning children, their health status decreases by 0.541 levels, indicating a negative impact of rural labor force return on par-ents’ health. Based on the analysis results, this article provides policy recommendations from three aspects: how to increase the income of returning labor force, improve the rural pension system, and enhance the concept of children supporting their parents.
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1 Introduction

The overall change in the mobility of rural labor can be divided into three stages. From the late 1950s to the late 1970s, due to strict restrictions imposed by government policies, there was almost no mobility of labor between urban and rural areas in China. In 1978, rural economic reforms began, and in 1984, the Central Document Number One explicitly granted farmers a certain degree of autonomy in choosing employment. Since the 1990s, there has been a large influx of rural labor force into cities, leading to the formation of the “migrant worker phenomenon.” By the mid to late 1990s, with the reform of state-owned enterprises and the adjustment of economic structure, the number of employment opportunities in cities decreased, resulting in increased employment pressure. As a result, rural labor force was forced to return to their hometowns, leading to an increase in the scale of return migration (1, 2). In 2008, the outbreak of the financial crisis led to an expansion in the scale of rural labor force returning to their hometowns. In recent years, with the shift of industries from the eastern coastal areas to the central and western regions of China, the rapid development of the economy in these regions has made the phenomenon of migrant workers returning or returning to their hometowns even more evident.

According to the “2011–2016 Migrant Worker Monitoring and Survey Report” released by the National Bureau of Statistics (1), it can be seen that from 2011 to 2016, the growth rate of the total number of migrant workers slowed down, gradually decreasing from 3.4% in 2011 to 0.3% in 2016. Based on the reading of the “2015–2018 Migrant Worker Monitoring and Survey Report” (2), it is evident that the growth rate of migrant workers was consistently lower than that of local workers during this period.

By 2017, the aging process of the rural population in China had reached 15%. This means that in rural areas, the population aged 65 and above accounted for 15% of the total rural population, surpassing the threshold of 7% for an aging society. The issue of older adult care in rural areas deserves attention. The traditional older adult care model in rural areas mainly relies on family caregiving, specifically referring to adult children living with their older adult parents and providing them with financial support, care, and emotional comfort (3). However, with a large number of young and middle-aged rural labor force migrating to cities, there has been a significant increase in left-behind older adult individuals in rural areas. As a result, the model of relying on family caregiving for the older adult in rural areas has become increasingly fragile. After the children migrate for work, there is a significant decrease in the emotional support received by the older adult, leading to a notable decline in their quality of life (4–7). Moreover, the financial support provided by their working children does not significantly improve the parents’ quality of life (8, 9). Additionally, rural older adult individuals often have lower incomes, and the cost of relying on others for care is too high. As a result, the health of rural older adult people is difficult to guarantee. Part of the literature suggests that children working outside the home improve their parents’ health (10–12).

With the slowdown in the growth rate of migrant rural workers and the gradual return of rural labor force, will the health of rural older adult people improve? Studying the impact of rural labor force returning on the health of parents is beneficial for providing reference basis in formulating rural older adult care policies for the country and promoting the improvement of the rural older adult care system.



2 Literature review


2.1 Study on the impact of children’s migration for work on parental health

A large number of young and capable rural laborers are flowing into cities, leading to the serious issue of “hollowing out” in rural areas. Many older adult people are unable to receive basic care and often have to take on more agricultural labor and provide intergenerational support, such as raising grandchildren. In China, the older adult care system is primarily based on the family, and the support provided to older adults mainly includes financial assistance, daily care, and emotional comfort (13, 14). All three factors, namely financial support, daily care, and emotional comfort, have a crucial impact on the quality of life for older adults. The health condition of the older adult is considered a key determinant of their quality of life. Currently, there is no consensus in the academic community regarding the impact of children’s migration for work on the health of older adults, based on the existing research.

Some studies argue that children’s migration for work can promote the health of older adults. For example, the research conducted by Tang et al. (15) found that migrant children can provide increased financial support to their parents, offsetting the negative impact of reduced caregiving on the health of parents. Lin et al. (16), Thapa et al. (17) conducted a survey research in Thailand and found that left-behind older adult individuals have more opportunities to access healthcare services compared to non-left-behind older adult individuals. The increased financial support provided by children’s migration for work is beneficial for the physical health of older adults. Bridges et al. (18) utilized the data from CHARLS in 2011 and empirically demonstrated through Probit model and two-stage least squares that children’s migration for work improves the health status of older adults in rural areas.

Some studies argue that children’s migration for work has negative impacts on the health of older adults. Firstly, the migration of adult children disrupts traditional filial culture and undermines the older adult’s reliance on family support for their older adult care, which may be detrimental to their health. As Willis et al. (19) suggested in his study on left-behind older adult individuals in Indonesia, migrant children are influenced by Western individualistic values and gradually abandon traditional caregiving concepts. This leads to a decrease, rather than an increase, in the support received by older adults from their children. Jingzhong et al. (20) found that the increased financial support provided by children’s migration for work is relatively low, and there is a situation where parents have to take care of their grandchildren, indirectly increasing the financial burden on parents. He et al. (21),Lam et al. (22) found that in Albania, young people who migrate for work do not necessarily provide financial support to their left-behind partners or older adult parents. Secondly, children’s migration for work leads to a reduction in caregiving support and emotional support to parents, which negatively impacts their health. Bhandari et al. (23), Knodel et al. (24), Zhou et al. (25) utilized an instrumental variable Oprobit model and found that children’s migration for work resulted in a decline in the health status of parents. Geist et al. (26), Mosca et al. (27), Donato et al. (28), Adhikari et al. (29) used an Iv-probit model and confirmed that parents’ health status declines after their children migrate for work. Jingzhong et al. (20), Lahaie et al. (30), Hoang et al. (31) conducted a multiple linear regression analysis and employed PSM analysis for robustness testing. They found that after children migrate for work, there is a reduction in the caregiving and emotional support provided by children to their parents, leading to a decline in the health status of older adults. However, some scholars argue that the advancement of modern communication technology and the internet can significantly alleviate the negative effects on the emotional comfort experienced by older adults as a result of their children migrating for work (32–36).



2.2 Research on the return of rural labor force

The issue of rural labor force return has received significant attention from the academic community. Existing research mainly focuses on two aspects: On one hand, some literature analyzes the reasons for the return or non-return of rural labor force from individual factors, family factors, and macroeconomic factors. Jensen et al. (37) argue that the choice of rural labor force return is influenced by factors such as family factors, human capital, and local job opportunities. Zhao et al. (38), Razavi et al. (39), Macaísta Malheiros et al. (40) conducted empirical research on the impact of long-term social security on the decision of rural labor force return and concluded that the lack of long-term social security in urban areas is the main reason for rural labor force to return in the long term. Zhang et al. (41), Hao et al. (42) conducted research on rural labor force return intention, taking the background of rural revitalization into consideration. The study combined individual factors, family factors, and agricultural factors to examine the factors influencing the intention of rural labor force to return.

On the other hand, some literature focuses on the issues of reemployment and entrepreneurship after rural labor force return. Liao et al. (43) explored the impact of reemployment after rural labor force return, as well as gender differences, using data from seven provinces. Van Der Sluis et al. (44) argues that family factors have a more prominent influence on rural labor force returning for entrepreneurship compared to economic gains and status attainment. Van Praag et al. (45) studied the factors affecting the performance of rural labor force returning for entrepreneurship. There is limited literature that specifically investigates the impact of rural labor force return on the health of parents.



2.3 Research on the impact of rural labor force return on parental older adult care

The impact mechanism of rural labor force return on parental older adult care is similar to the mechanism of children’s migration for work affecting parental older adult care. It primarily affects the parents’ older adult care situation in terms of economic support, daily care, and emotional comfort. For example, Maher et al. (46), Kobeissi et al. (47) utilized field survey data from three provinces and demonstrated that the economic support, daily care, and emotional comfort provided by returning children to their parents improved the parents’ quality of life to varying degrees. Harrison et al. (48), Constant et al. (49) from the perspective of human capital, conducted an analysis and found that the accumulation of human capital among returning rural migrant workers is beneficial for them to provide better emotional comfort and economic support to their parents.



2.4 Comments

Based on the literature analysis mentioned above, two shortcomings can be identified: Firstly, there is limited research on the impact of rural labor force return on rural older adult care in the existing literature. Secondly, with the popularization of the new agricultural insurance policy, the health status of older adult people will be affected to a certain extent. However, in the literature studying the impact of children’s migration for work on the health of older adult people, there is limited inclusion of the amount of rural older adult pension in the research indicator system. Studying the relevant issues is beneficial for the government to formulate rural pension policies based on practical reference, and it promotes the health of middle-aged and older adult people in rural areas. Therefore, based on the actual survey data from the “China Rural Survey” in 2018, this study includes the monthly pension amount in the indicator system measuring the socio-economic characteristics of the older adult, and investigates the impact of migrant workers returning to the rural areas on the health of their parents. The aim is to make a contribution in this area.




3 Theoretical analysis and research hypotheses

In traditional agricultural societies, the entire family serves as the production and consumption unit, and social welfare systems are not widespread. Therefore, older adult individuals mainly rely on family care for their old age. According to traditional beliefs, adult children live with their parents, providing emotional and caregiving support, sharing in household chores to ensure the welfare and health of the older adult. When adult children leave home, parents may take on more agricultural activities and help raise grandchildren, negatively impacting their own health (1). Therefore, when the workforce returns home, it may reduce the spatial distance between parents and provide them with more emotional comfort and labor support.

However, some researchers argue that with the advancement of various communication methods, even when adult children work outside the home, they can still interact with their parents through various means of communication, providing emotional comfort. Therefore, when adult children return home, it may not necessarily bring additional benefits to the health of their parents in this aspect. Additionally, according to the new economics of migration theory, the migration of adult children for work can help diversify the economic risks of the family, ultimately having a positive impact on the family. According to this theory, adult children working outside the home can increase the family’s income, access more health information, and provide more economic support and scientifically sound health advice to ensure the physical health of their parents. Parents can use these resources to improve their standard of living and access better medical resources such as regular check-ups and treatment for chronic illnesses.

When rural labor returns home, it may to some extent weaken the economic support for parents, reduce the opportunity for parents to access resources beneficial to their health, thus negatively affecting the health of parents. Furthermore, when adult children return home, their own income decreases, leading to a lower standard of living. In situations where parents allow it, they may even encroach on the parents’ financial resources. Additionally, with more frequent contact with parents, there is a higher likelihood of friction due to generation gaps and lifestyle differences, which can have a negative impact on the parents’ health, the above relationships can be simplified and seen in Figure 1. In conclusion, this paper proposes the research hypothesis:

 Hypothesis H1: The impact of the return of rural labor force on the health status of parents is negative.



[image: Flowchart illustrating two scenarios. In the first, "Labor going out" leads to increased economic support and reduced emotional support, affecting parental health. In the second, "Labor return" leads to reduced economic support, while emotional support may not increase, again impacting parental health.]

FIGURE 1
 Conceptual model diagram.




4 Research design


4.1 Data source

The data source of this article is the “China Family Panel Studies” (CFPS) conducted by the China Family Tracking Survey Center at Peking University. This database conducted a nationwide baseline survey starting from 2010, with follow-up surveys conducted every 2 years. The survey covers 25 provinces making it a national survey in China. The project collects data at the individual, family, and community levels, including information on basic family demographics, health status, and population mobility. This article uses the CFPS data from the years 2012, 2014, 2016, and 2018 as the sample data.



4.2 Variable settings


4.2.1 Dependent variable

This article is based on the self-rated health status of parents in the CFPS questionnaire. Up to now, numerous studies have demonstrated the effectiveness of using self-rated health as a variable to measure health and predict mortality (50–52). This allows “How would you rate your own health?” to serve as a measure for assessing the health status of older adults. According to the answers, “Very poor,” “Poor,” “General,” “Good,” “Very good” were assigned to“1–5,” the higher the score, indicating better health.



4.2.2 Independent variable

Whether there is a backflow child variable. The current academic consensus on the definition of rural labor force inflow remains ambiguous. Xu et al. (53), Djafar et al. (54), Kousis et al. (55) defines “returning migrant workers” as rural residents who have worked outside their household registration area (county-level city) for more than 6 months since 2007 (including 2007), and have returned to their registered residence at the county, township, or village for more than 1 year without going out again. Yu et al. (56), Jia et al. (57) defines “returning labor force” as rural residents who have worked outside their hometown (including county towns and rural areas) for at least 1 year and have returned to their hometown for at least 1 year. Nelson et al. (58), Parutis et al. (59) define migrant workers as “rural laborers who have been working outside their hometown for more than 1 year and have returned to their hometown for more than 6 months.” According to previous studies and considering the context of this study, in this research, we define returnee workforce as “rural residents who have had continuous experience of working outside their county for more than a year, starting from the year after 2007 (excluding 2007), and have returned to their county for a year or longer.”

In terms of specific data processing, firstly, individuals aged 45 and above were selected from the family member questionnaire to form the middle-aged and older adult group. Information such as the age, education level, and living situation of their children was obtained based on the family member relationship table. Secondly, the residential addresses of the children from two survey years were consolidated, and by comparing the distance from home, it was determined whether any children had returned. When there was a return of labor force, it was assigned a value of 1, and a value of 0 was assigned when there was no return. Referring to the study by Chan et al. (60) the core explanatory variable in this article is defined as “whether there is at least one adult child from the same household who has returned, “assigning a value of “1″ if “yes” and a value of “0″ if “no.”



4.2.3 Control variables

Through reviewing many similar empirical studies, it has been found that the individual characteristics of respondents and household characteristics also affect the health status of the older adult. In order to avoid the impact of omitted variable bias on the estimation results of the model. This study refers to the research of Logan et al. (61), Lassar et al. (62), Miethe et al. (63), and Caliendo et al. (64) also includes some variables that represent individual characteristics and household characteristics as control variables in the model. The individual characteristics include the gender, age, educational background, cohabitation with a suitable spouse, presence of chronic illness, participation in medical insurance, engagement in agricultural or non-agricultural labor, and self-care ability of the household head. Additionally, at the family level, we selected variables such as household size, average education level of children, average age of children, and household income. Furthermore, we controlled for provincial regions and survey years. Table 1 the meanings and assignments of variables.



TABLE 1 Variable description table.
[image: Table listing variables related to health and demographics. Categories include the interpreted variable, explanatory variable, individual and family characteristic variables, and provincial location. Each category details specific variables, such as self-rated health, age, gender, education level, chronic diseases, family children count, and household income, with corresponding descriptions and coding where applicable.]




4.3 Quantitative model


4.3.1 Multiple linear regression model

In order to examine the impact of rural labor force return on parental health, we first construct a set of multiple linear regression models. The model is formulated as follows Equation (1):

[image: The equation shows a linear regression model: health equals β sub-zero plus β sub-one times children plus β sub-one times controls plus μ of one.]

In this case, “health” is the dependent variable, representing the self-rated health status of parents. “children” is the independent variable, indicating whether or not there is at least one returning child. “control” represents a series of control variables mentioned earlier.

Whether children return is a self-selecting behavior and not randomly generated. If effective measures are not taken to handle this behavior, it could lead to an incorrect assessment of the impact of children returning on the parents’ health. In this regard, this study adopts the propensity score matching (PSM) method to mitigate the potential endogeneity issues that may exist in the model, with the aim of obtaining unbiased estimation results.

PSM includes three types of average treatment effects during the calculation process, namely the average treatment effect on the treated (ATT), the average treatment effect (ATE), and the average treatment effect on the untreated (ATU). In general, scholars are interested in ATT, which in this study refers to the health changes experienced by individuals in the group with returning children due to their children’s return. PSM typically calculates the average treatment effect through the following steps: First, following the counterfactual analysis framework proposed by (65), the sample is divided into a treatment group (with returning children) and a control group (without returning children). Therefore, the average treatment effect on the treated (ATT) in the group with returning children can be defined as Equation (2):

[image: Equation showing the Average Treatment Effect on the Treated (ATT): ATT equals the expected value of the difference between the outcomes for treated and untreated groups, conditional on a propensity score.]

In the formula, represents the result of the treatment group, which is the physical health status of the older adult with returning children, and represents the result of the control group, which is the health status of the older adult without returning children; 𝐷𝑖 =1 indicates the presence of returning children, and 𝐷𝑖 =0 indicates the absence of returning children. 𝑝 (𝑋𝑖) is the propensity score, indicating the probability of the older adult having returning children, estimated by the Logit model. There are two main methods for propensity score matching. One method is nearest neighbor matching, where samples from the reference group that are closest to the individuals in the treatment group are matched, and a simple arithmetic average is computed to obtain the matching result. Within this, there are k-nearest neighbor matching, which involves finding the k nearest individuals in terms of propensity scores from different groups, and caliper matching (also known as radius matching), which limits the absolute distance of propensity scores. Another approach is the global matching method, where the matching results for each individual consider all individuals from different groups. Generally, individuals outside the common support region are excluded. Then, different weights are assigned based on the distance between individuals. Individuals with closer distances have higher weights, while those with larger distances have smaller weights. When the distance exceeds a certain range, the weight can be reduced to zero. If a kernel function is used to calculate the weights, it is referred to as kernel matching.

Next, the samples are matched based on the magnitude of their propensity scores, and the average treatment effect on the treated (ATT) is calculated using the matched samples to assess the impact of returning children on parental health. To ensure the robustness of the results, this study initially employs the nearest neighbor method for matching, followed by matching using both the caliper and kernel methods.





5 Analysis of empirical results


5.1 Descriptive statistical analysis

Using Stata to conduct descriptive statistical analysis on 10,153 samples, the results are shown in the table below. Table 2 presents the descriptive statistics for all variables, mainly reporting the means of each variable. The first column shows the statistics for all samples, the middle two columns display the statistics for families with returning children and families without returning children, and the last column shows the mean differences between families with and without returning children. Overall, it is observed that there are a total of 3,289 families with returning children. The average age of parents is around 57.978 years, with an average education level equivalent to primary school. The majority of parents cohabit with their spouses, have a high participation rate in insurance, and are primarily engaged in labor activities. In terms of self-care ability, most parents can independently complete daily activities. Regarding family characteristics, families typically have 1 to 2 children. The average age of children is around 30 years, and their educational level ranges from high school to college. The average household income is 9,000 yuan per capita. By examining the mean differences, it can be observed that compared to families without returning children, parents in families with returning children are younger, their children are also younger, and the family size is larger.



TABLE 2 Descriptive statistics of variables.
[image: Table showing means of various variables across three groups: all samples, returned children, and no returned children. Variables include gender, age, years of education, suitability for spouses living together, chronic disease prevalence, medical insurance participation, work type, self-care ability, number and average age of children, education level of children, and per capita household income. Mean differences between the returned and no returned children are provided, with significance levels noted by asterisks.]

In order to better study the impact of children returning on the health status of parents, Figure 2 depicts the differences in parental health status between two groups of samples with and without returning children, as well as the overall distribution of parental health status. From Figure 2, it can be seen that the overall distribution of parental health status is relatively uniform, with a small proportion of parents having very poor or very good health. The proportions of parents with relatively poor, fair, and relatively good health status range between 25 and 40%. The distribution of parental health status for parents with returning children falls between 2 and 4, indicating a range from relatively poor to relatively good health, without instances of very poor or very good health status. For families with returning children, the proportion of parents with relatively poor health status is 40.12%, while those with fair health status make up 45.01%, and the combined proportion of parents with very poor or very good health status is 3.19%. On the other hand, for parents without returning children, the distribution of health status ranges from 1 and 5, with a corresponding number of individuals in each category. The proportions of parents with relatively poor, fair, and relatively good health status range between 20 and 40% in each category. Notably, the proportion of parents with relatively good health status at 38.45% is higher than the 11.67% in families with returning children, while the proportion of parents with relatively poor health status at 21.69% is lower than the 40.12% in families with returning children.

[image: Bar chart depicting self-assessment of health status in five categories for three groups: overall sample, returning children, and no returning children. Category 3 shows the highest percentage for returning children, while category 2 is highest for the overall sample and no returning children. Category 1 and 5 have the lowest percentages across all groups.]

FIGURE 2
 The differences in health status between parents with and without returning migrant child.


Based on the comprehensive descriptive statistical analysis results mentioned earlier, the return of children may reduce the economic support provided to parents, potentially requiring parents to provide some economic support in return. This situation may also increase possible family friction. Overall, these factors may lead to negative impacts on the health status of parents.



5.2 Analysis of the results of the multiple linear regression model

We first constructed a multiple linear regression model to test whether having at least one returning child has an impact on parents’ self-rated health status. The regression was conducted using Stata software, and the results are presented in the table below. From the Table 3, it can be observed that when parents have returning children, their self-rated health status decreases by 0.541, a statistically significant result at the 1% level. Among the control variables, gender, employment status, number of children, average age of children, and household income are all statistically significant at the 1% level, with positive coefficients. This indicates that gender and marital status have a positive impact on the older adult’s self-rated health status, while age, presence of chronic diseases, self-care ability, and self-rated physical health have negative effects.



TABLE 3 Regression results of the multiple linear model.
[image: Regression table showing the influence of variables on an outcome. Columns include "Variable name," "Coef," "Robust Std. Err.," and "t." Significant variables are indicated by stars: * at ten percent, ** at five percent, *** at one percent. Examples include "Whether there is at least one returning child" with a coefficient of -0.541*** and "Gender" with 0.121***. Observations total 5,760. R-squared is 0.184.]



5.3 Analysis of the matching results of propensity score matching (PSM)

After taking the logarithm of the monthly pension amount and the present value of the family’s real estate, PSM analysis was conducted using Stata software. The analysis used the k-nearest neighbor matching method, with k values set to one, two, three, and four for experimentation. Ultimately, k = 4 was chosen, representing one-to-four matching. The results are presented in Table 4. From Table 4, it can be observed that ATT represents the average treatment effect for the treated group. The value of ATT is −0. 446, with a t-value of −4.092,this indicates significance at the 1% level, suggesting that the impact of returning migrant children on parents’ health status is negative. In other words, the increase in caregiving support and emotional comfort cannot fully compensate for the reduction in economic support. Considering the results of descriptive statistical analysis, existing theoretical research, the following reasons can be identified:

	1. Older adult parents have low income, are more susceptible to illness, and have significantly higher expenses. Strengthening economic support plays a crucial role.
	2. Mutual support and caregiving among parents weaken the role of caregiving support and emotional comfort provided by their children.



TABLE 4 Average treatment effect of children’s return on parents’ health status.
[image: Table showing health variable data. For unmatched sample: Treated 2.784, Controls 3.005, ATT -0.221, S.E. 0.145, T-stat -1.524. For ATT sample: Treated 2.675, Controls 3.121, ATT -0.446 (significant at 1% level), S.E. 0.109, T-stat -4.092.]

Among the selected sample in this study, a higher proportion of older adult individuals have spouses. The mutual support and comfort provided by the spouses weaken the role of caregiving support and emotional comfort provided by their children.

	1. The advanced means of communication weaken the impact of increased emotional comfort provided by children after their return.

With the advancement of various communication methods, even when children are working away from home, they can still interact with their parents through various means of communication, providing emotional comfort. Therefore, when children return, they may not necessarily bring additional benefits to their parents’ health status in terms of emotional support, as it can be achieved to some extent through communication regardless of physical proximity.

	1. The decrease in income for children after their return may encroach upon the financial resources of their parents.

After children return, their own income may decrease, leading to a lower standard of living. In situations where their parents allow it, this decrease in income may potentially encroach upon their parents’ financial resources. Additionally, with more frequent and closer interactions with their parents, issues related to generational gaps and lifestyle differences can arise, leading to conflicts that negatively impact their parents’ health status. In conclusion, the return of children has a negative impact on the health of parents, with hypothesis H0 being supported.



5.4 Robustness test


5.4.1 Radius matching

PSM analysis using Stata software was performed with radius matching, defining a radius of 0.01. The results, shown in the graph below, are similar to those of the 4 nearest neighbor matching. The value of ATT is −0. 386, with a t-value of −3.299, indicating significance at the 1% level (Table 5).



TABLE 5 Robustness test results of radius matching.
[image: Table showing health variable comparison between treated and control samples. For "Unmatched" samples: Treated 2.784, Controls 3.005, ATT -0.221, S.E. 0.145, T-stat -1.524. For "ATT" samples: Treated 2.625, Controls 3.011, ATT -0.386 (significant at 1% level), S.E. 0.117, T-stat -3.299.]



5.4.2 Kernel matching

PSM analysis using the default kernel matching method in Stata software was performed. The results, shown in the graph below, are similar to those of the two previous matching methods. The value of ATT is −0.445, with a t-value of −0.099, indicating significance at the 1% level (Table 6).



TABLE 6 Robustness test results of default kernel matching.
[image: Table comparing health variables between treated and control groups. Two samples are shown: Unmatched and ATT. ATT values are −0.221 for Unmatched and −0.445 for ATT, noted as significant at the 1% level. Standard Errors and T-statistics are provided.]

In conclusion, the results of the PSM analysis are robust, indicating that the return of children has a negative impact on the health of parents. Therefore, hypothesis H1 is supported (Table 7).



TABLE 7 IV-2SLS result.
[image: Two-stage regression results table with coefficients and robust standard errors for various variables. The first stage shows a significant positive effect of IV-Unemployment on dependent variables. The second stage highlights significant negative effects for returning children and non-agricultural work on outcomes. Significance levels are indicated as 10%, 5%, and 1% with asterisks. Rows include variables like gender, age, education, chronic diseases, family structure, and income. Total observations are 5,760.]



5.4.3 Endogeneity discussion

Through the theoretical framework discussed earlier, we have found that whether migrant children return home needs to consider the maximization of family utility, which is determined by various factors such as family characteristics and individual traits, including parents’ health status. This indicates a clear bidirectional causal relationship between parents’ health status and the return of migrant children. Specifically, the return of migrant children can alter their older adult support for parents and impact the health status of parents, which is the focus of our study. At the same time, parents’ health status can also influence the decision of migrant children to return. When parents are in poor health, migrant children may choose to continue working outside to cover medical expenses. Alternatively, when parents’ health is deteriorating, migrant children may opt to live closer to provide more daily care or emotional support. Therefore, the endogeneity issue is a crucial consideration when studying the impact of migrant children’s return on parents’ health status. This study will introduce instrumental variables into the ordinary least squares (OLS) regression model to mitigate estimation biases caused by endogeneity.

The instrumental variable chosen in this study is the “urban unemployment rate” at the provincial level. The reason for selecting this variable is that in areas with high urban unemployment rates, there are fewer non-agricultural job opportunities, and returning migrant workers face more severe employment challenges, making them more likely to return. The urban unemployment rate can affect the decision of migrant children to return, but it is essentially unrelated to the health status of parents within individual families, thus meeting the exogeneity requirement and serving as an instrumental variable in this study.

The first stage involves regressing the endogenous explanatory variable of migrant children’s return with the instrumental variable of urban unemployment rate and other exogenous explanatory variables to analyze the relevant characteristics of families with returning migrant children. The results show that the first-stage instrumental variable has an F-value of 25.121, significantly exceeding the critical value of 10, indicating the effectiveness of the instrumental variable. Additionally, the coefficient of the urban unemployment rate is significantly positive at the 1% level, suggesting that as hypothesized earlier, a higher urban unemployment rate increases the likelihood of migrant children returning. This could be due to facing greater economic challenges in areas with high urban unemployment rates, leading migrant children to choose to return for their own benefit.

The second stage involves regressing the fitted values of various health assessment indicators on migrant children’s return with all other exogenous explanatory variables. The coefficient for the change in parents’ self-rated health in relation to migrant children’s return is −0.394 and is significant at the 1% level. The regression results indicate that, in terms of subjective health, when migrant children return, parents’ self-rated health significantly decreases, and parents perceive their health to have worsened compared to the past. Overall, the return of migrant children has a negative impact on the health status of parents.





6 Main findings and recommendations


6.1 Conclusion

This study, using data from the Chinese Family Panel Studies (CFPS), examines the impact of rural labor force return on the health status of parents through descriptive statistics, multiple linear regression models, and PSM models. The findings are as follows:

(1) Among the 5,760 older adult individuals, 1866 of them have returning migrant children, while the remaining 3,894 do not have returning migrant children. (2) Parents’ health status generally follows a normal distribution, with a small proportion of parents having very poor or very good health. The proportions of parents with relatively poor, fair, and relatively good health status range between 20 and 40%. Among parents with returning children, 40.12% have relatively poor health status, 45.01% have fair health status, and a small proportion have very poor or very good health status. In contrast, among parents without returning children, the proportions of parents with relatively poor, fair, and relatively good health status are 21.69, 33.21, and 38.45%, respectively. When parents transition from not having returning children to having returning children, their health status decreases by 0.541 levels, indicating a negative impact of rural labor force return on parents’ health.



6.2 Recommendations and insights

Based on the findings of this study, the following recommendations can be provided for policy-making:

	1. Starting from policies and skill training, it is recommended to assist returning rural laborers in finding better employment and entrepreneurial opportunities.

Considering the local circumstances, it is recommended to actively develop certain industries that can drive local economic growth and provide more employment opportunities for returning laborers. Furthermore, it is suggested to establish a database of information on returning rural laborers, which can provide them with more employment information and relevant technical training. This will help enhance the human capital of returning laborers and enable them to secure better employment opportunities. It is also recommended to provide relevant information and policy support for rural laborers who choose to start businesses upon returning to their hometowns. Implementing the outcomes of these entrepreneurial endeavors and creating a demonstration effect can attract more talented and capable rural laborers to engage in entrepreneurship. This approach will not only generate more employment opportunities but also foster better entrepreneurial prospects for returning rural laborers. After discussing endogeneity, the results of this article remain robust.

	1. Promoting and improving the new rural social pension insurance system should be encouraged, along with gradually supplementing and refining the supporting social security system.

Efforts should be intensified to promote the new rural social pension insurance system, gradually increase the level of pension benefits, and ensure a basic income for older adult individuals in rural areas. This will reduce their dependence on financial support from their children. Additionally, it is important to improve the rural medical security system, lowering healthcare expenses for older adult individuals in rural areas. By doing so, they will have the confidence and ability to seek medical treatment and maintain their overall health.

	3. Efforts should be made to promote filial piety culture through public education. It is important to encourage children to utilize existing resources and actively fulfill their obligations to support their parents.

It is crucial to promote a positive and proactive culture of filial piety. This includes strengthening publicity and education efforts targeted at rural laborers, emphasizing the importance of maintaining strong connections with their parents regardless of whether they are working away or have returned home. Encouraging regular communication, expressing greetings and care, and fulfilling one’s obligations of support are vital. It is essential to avoid conflicts and rivalry with older adult parents, striving to enhance their quality of life for better happiness and improved health.
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Background: Precise prediction of out-of-pocket (OOP) costs to improve health policy design is important for governments of countries with national health insurance. Controlling the medical expenses for hypertension, one of the leading causes of stroke and ischemic heart disease, is an important issue for the Japanese government. This study aims to explore the importance of OOP costs for outpatients with hypertension.
Methods: To obtain a precise prediction of the highest quartile group of OOP costs of hypertensive outpatients, we used nationwide longitudinal data, and estimated a random forest (RF) model focusing on complications with other lifestyle-related diseases and the nonlinearities of the data.
Results: The results of the RF models showed that the prediction accuracy of OOP costs for hypertensive patients without activities of daily living (ADL) difficulties was slightly better than that for all hypertensive patients who continued physician visits during the past two consecutive years. Important variables of the highest quartile of OOP costs were age, diabetes or lipidemia, lack of habitual exercise, and moderate or vigorous regular exercise.
Conclusion: As preventing complications of diabetes or lipidemia is important for reducing OOP costs in outpatients with hypertension, regular exercise of moderate or vigorous intensity is recommended for hypertensive patients that do not have ADL difficulty. For hypertensive patients with ADL difficulty, habitual exercise is not recommended.
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1 Introduction

Given the poverty caused by rising health care costs for chronically ill patients, accurate prediction of out-of-pocket (OOP) costs is important to prevent catastrophic health care expenditures for those patients because OOP costs and prepaid private health financing are also expected to grow, although less than growth in government spending (1). On the one hand, research by Hwang et al. (2) showed a positive, nearly linear relationship between OOP costs and the number of chronic diseases. On the other hand, Zhang et al. (3) used a data-driven ensemble learning procedure and found that the top-ranking factors that best predicted OOP costs were insurance type, age, asthma, family size, race, and number of physician visits.

Although three or more activities of daily living (ADL) dependencies are associated with the need for long-term care, the onset of ADL difficulties in chronically ill persons may differ from that of healthy older adults (4). Therefore, both ADL difficulties and major chronic diseases should be considered when analyzing physician visits and predicting OOP costs.

Hypertension is the leading cause of stroke and ischemic heart disease, leading to premature death in Japan and worldwide (5–7). Individuals with well-controlled hypertension who are undergoing treatment have a lower risk of developing cardiovascular or cerebrovascular diseases (8, 9). In Japan, where most hypertensive patients tend to adhere to their family physicians’ treatment plans, regular physician visits every 30 days are effective in stabilizing blood pressure in hypertensive patients (10).

The prevalence of hypertension control among hypertensive patients taking antihypertensive medications increased from 1980 to 2016 in Japan (11). Furthermore, 72% (31 million) of the hypertensive patients were poorly controlled in 2017. Poorly controlled hypertension during treatment is expensive. A study by Japanese researchers showed that grade 3 untreated hypertension is likely to be extremely costly (12). Hence, controlling blood pressure in patients with hypertension through physician visits and medical expenses is an important issue for the Japanese government. The estimates of the average treatment effects on treated patients suggest that three consecutive years of physician visits negatively impacted the poor subjective health of hypertensive patients (10). Therefore, this study focuses on the patients who had physician visits during the past two consecutive years.

This study estimates the predicted OOP costs of outpatients in Japan with hypertension who are middle-aged and older people. We used data from a longitudinal survey conducted by the Ministry of Health (2005–2020) and estimated a random forest (RF) model focusing on complications with other lifestyle-related diseases and nonlinearities. The Stata command “rforest” in Stata version 18 (StataCorp) was used to estimate RF models.

Can the governments of countries with national health insurance precisely predict OOP costs and improve health policy design? The challenge of fiscal sustainability of healthcare financing due to increased OOP expenditures is particularly alarming in the Global South’s low- and middle-income countries (LMICs) worldwide (13). This is because of huge socioeconomic inequalities as shown by GINI indices and consecutive poor affordability of medical care (14), particularly in the vast rural and remote peripheries of these nations (15). This imbalance in health expenditure dynamics was created, to a large extent, through the decade-long evolution of the morbidity landscape, much earlier in industrialized wealthy societies of the Global North (16). Namely, traditional, mostly curable infectious diseases of the short clinical course (17) were gradually replaced by incurable, life-time chronic noncommunicable diseases (NCDs) such as hypertension, diabetes and all consequences of atherosclerosis (18). Such disorders remain expensive and difficult to treat, imposing a far higher burden to the health system. Risk sharing occurring in early modern health systems of the late XIX and early XX century have resolved this burden only to a limited extent (19). Technological innovation (20) and significant life expectancy extension worldwide associated with population aging have only worsened the situation (21). Therefore, health econometric exploration of the underlying causes in large, aged societies of Asia (22) remain capable of revealing hidden, underlying patterns of spending (23). They may also provide glimpses of possible policy strategies targeted at both prevention and more effective technical and allocative efficacy of provision and delivery of medical care (24). We believe that our study makes a significant practical contribution to the prediction of OOP costs and, therefore, the improvement of national health insurance and health policy design.

The remainder of this paper is organized as follows: Section 2 provides an overview of the machine learning method, RF, and its split selection based on an ensemble learning algorithm. Section 3 presents the estimation results of the RF model. Section 4 discusses the variable importance of OOP costs for outpatients with hypertension. Section 5 concludes the paper.



2 Methods


2.1 Random forest model

RF has the advantage of treating missing values because splits at any node can occur even if some independent variables are missing. Very few restrictions are imposed on the choice of explanatory variables because no functional form is assumed (25). Using an RF model, we can predict the dichotomous variable and obtain the predictions with no significant bias (26). The RF model does not estimate the coefficients of the explanatory variables in the same way as econometric models and easily adapts to the nonlinearities found in the data; therefore, it tends to predict better than linear regression (27). Researchers can use several explanatory variables to eliminate the effects of overtraining. The RF estimate was computed with a minimum leaf size of 1 and 800, averaged over the results of 100 trees with no maximum depth (these are the defaults for rforest). The full model has 45 features.

We split a nationally representative sample of the older adults in Japan which is explained below into two subsets: 50% of the data are used for training, and 50% of the data are used for validation. When an RF model randomly selects explanatory variables from among all the explanatory variables, the sample of the regression tree is split. RF uses entropy for split selection in classification cases. At each internal node of the decision tree, entropy (E) is given by Equation (1).

[image: Mathematical formula for entropy: \( E = -\sum_{{i=1}}^{{c}} p_i \times \log(p_i) \).]

where c is the number of unique classes, and pi is the prior probability for each class (27).

Each tree is constructed using different bootstrap samples. Each bootstrap sample randomly leaves out approximately one-third of the observations. These are referred to as the out-of-bag (OOB) samples. For classification problems, the OOB error used for validation represents the classification error. Thus, we can use an OOB error tested against training data subsets that are not included in subtree construction. The RF model analysis aims to explore the extent to which explanatory variables affect the dependent variable, and the effects are assessed using variable importance. Ranking the importance of the factors is challenging in data analysis. In supervised learning there are problems with multiple factors. Ranking the importance of factors involves assessing the impact of each factor on the response variable and creating quantitative measures for comparison (3).

Generally, variable importance, which measures the magnitude of the forecast error when explanatory variables are randomly selected, is used. The larger the prediction error, the greater the importance of the variables that can be evaluated. Variable importance is calculated by adding the improvement in the objective function given in the splitting criterion over all internal nodes of a tree and across all trees in the forest. The variable importance score is normalized by dividing all scores by the maximum score (27).



2.2 Data

We used longitudinal data over 16 consecutive years (2005–2020), obtained from the Longitudinal Survey of Middle and Older Persons (LSMOP) of the Japanese Ministry of Health, Labor, and Welfare (MHLW). Data were collected using a combination of interviews and self-administered questionnaires. The LSMOP collects information on family situation, health status, and employment status. In the second-wave of the survey, the LSMOP asked about the educational attainment of the respondents and their spouses.

The samples for the LSMOP were randomly selected using a two-stage sampling procedure. First, 2,515 districts in 2005 were randomly selected from the 5,280 districts covered by the “Comprehensive Survey of Living Conditions” conducted by the MHLW in 2004 (another nationwide survey). Second, 40,877 respondents aged 50–59 years, as of October 30, 2005, were randomly selected from each district.

The proportion of the total sum of 16 consecutive respondents to the subjects who responded to the second wave of the survey in 2006 was approximately 53% (10). A total of 34,240 individuals responded to the first wave of the survey (response rate: 83.8%), whereas 32,285 participants returned the questionnaires for the second wave (response rate: 92.2%). Almost half of the respondents in the 2006 survey dropped out of the study.

The sample in this study consisted of hypertensive patients who had continued physician visits during the past two consecutive years. Male patients and those with diabetes, lower educational attainment, no habitual exercise, or smoking habits tended not to have physician visits during the past two consecutive years (10).

Based on a doctor’s diagnosis, hypertension was defined as a systolic blood pressure (BP) ≥ 140 mmHg, a diastolic BP ≥ 90 mmHg, or use of antihypertensive medication. The hypertension control rate was defined as the proportion of patients with systolic BP < 140 mmHg and diastolic BP < 90 mmHg among the hypertensive patients taking antihypertensive medication (11). The proportion of patients with cancer, diabetes, heart disease, lipidemia, and strokes among the older adults with hypertension is higher than among the older adults without hypertension (10).




3 Results

Figure 1 shows the logged real OOP costs in 2020 for hypertensive patients who had physician visits during 2019–20 (blue). It further shows hypertensive patients who had physician visits during 2014–15 (white). Two changes can be seen: first, the peak of the blue histogram is located more toward the left than the white histogram; and second, the tail of the right hem of the blue graph is getting longer as the proportion of patients aged 70–74 with a 20% co-payment rate is higher in 2020 than in 2015. This is associated with a shift to the left side of the histogram. Hypertensive patients in their 60s, whose co-payment rate was 30% more, contributed the right hem having a longer tail than the 70–74 age group in 2020. We pay attention to these points when interpreting the statistical data in Table 1.

[image: Histogram comparing logged real out-of-pocket costs for physician visits in 2015 and 2020. The x-axis shows logged costs, and the y-axis shows density. The 2020 data has darker blue bars while 2015 uses lighter blue bars. Both distributions peak around eight on the x-axis, with 2020 showing slightly higher frequencies.]

FIGURE 1
 Logged real OOP costs for hypertensive patients (2020 vs 2015).




TABLE 1 Sample characteristics of hypertensive patients who continued physician visits during the past two consecutive years.
[image: Table comparing demographic and health variables between the highest quartile of out-of-pocket costs and all individuals. Variables include age, gender, marital status, educational attainment, mental health, physical health, lifestyle, and activities of daily living. Bold values indicate statistically significant differences. Data from the Longitudinal Survey of Middle-aged and Older Persons, 2005–2020.]

Table 1 shows the sample characteristics of the hypertensive patients who continued their physician visits during the past two consecutive years. The proportion of aged 70–74 in the highest quartile group of OOP costs was 0.089, which was significantly different from those of comparison group at the 1% level. The mean OOP cost in the highest quartile was approximately 38,900 Japanese yen per month (data not shown). By contrast, the proportion of patients with chronic diseases in the highest quartile group of OOP costs, such as diabetes, heart disease, stroke, and cancer, was much higher than that of the overall sample. Therefore, we conjectured that the number of chronic diseases contributes to higher OOP costs.

Approximately 18% of hypertensive patients who continued physician visits during the past two consecutive years did not respond to questions regarding their OOP costs at the time of the survey. Compared with the overall sample, a higher percentage of non-respondents were never married, less educated, had a serious mental health status, had no habitual exercise, and smoked (Supplementary Table S1). The number of variables to randomly investigate was the square root of the number of independent variables, and the number of iterations was 500.

To predict logged real OOP costs of hypertensive outpatients, the following 45 candidate covariates were included: age, gender, dummy variable for aged 70–74 as the proxy variable of lower copayment rate (20%), marital status, earned income during the past month, educational attainment, living together with family members excluding spouse, non-communicable diseases (coded as 5 dummy variables) such as having diabetes, mental health variables, perceived health, having difficulties in ADL or needing assistance for ADL (coded as 20 dummy variables), lifestyle variables such as no habitual exercise (coded as 4 dummy variables), logged real OOP costs during the past year.

Table 2 compares the prediction accuracies of the three RF models: full model (including all covariates), sub-model (1) (no difficulties with ADL), and sub-model (2) (difficulties with ADL or needing assistance). The lowest OOB error of the three models was 0.2229 for Model (1). This implies that the prediction accuracy of OOP costs for hypertensive patients without ADL difficulties was slightly better than that for all hypertensive patients who had continued their physician visits during the past two consecutive years.



TABLE 2 Comparison of prediction accuracy.
[image: Table comparing three groups: all participants, no difficulties in Activities of Daily Living (ADL), and those with difficulties or needing assistance. It lists values for number of participants (N), features, and out-of-bag (OOB) error rates. All group: N is 57,710, features 45, error 0.2355. No difficulties: N is 46,905, features 25, error 0.2229. With difficulties: N is 10,805, features 35, error 0.2956.]

In the full model, the top 10 variables of importance were the highest quartile of OOP costs in the previous year, age, age squared, presence of diabetes, living together with family members excluding the spouse, having lipidemia, no habitual exercise, moderate or vigorous regular exercise, gender, moderate mental health status (Figure 2). Interestingly, most of these variables are consistent with the significant variables in the doubly robust estimation of Kumagai et al. (10), who analyzed the determinants of subjective poor health among hypertensive patients. This means that most determinants of poor subjective health and high medical costs are the same.

[image: Bar chart displaying the importance levels of various factors. "ch25_in_sum_treat_r_1" is the most important, with an importance score near 1. Other significant factors include "age2," "diabetes_b," and "educat_1," with decreasing importance.]

FIGURE 2
 Variable importance of OOP costs (full model).


Hypertensive patients with diabetes or hyperlipidemia are often unaware of their symptoms and often allow their condition to progress/worsen untreated. As the above variables indicate, moderate or vigorous regular exercise is important to prevent the progression of arteriosclerosis, which is associated with poor subjective health. No habitual exercise is thought to contribute to the development of ischemic heart diseases such as angina pectoris and myocardial infarction.

The sample was divided based on the presence or absence of difficulties in ADL. Sub-model (1) is the group with no ADL difficulty. The variables of importance for sub-models (1) and (2) are almost the same as those in the full model (Figure 3). However, in sub-model (1), the degree of importance of moderate or vigorous regular exercise is greater than that in the full model. This coincides with the results (28) showing that individuals with moderate or vigorous regular exercise tend to have a higher health stock. In contrast, the degree of importance of moderate mental health in sub-model (2) was greater than that in the full model. The lack of habitual exercise might have been associated with moderate mental health in the ADL difficulty group.
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FIGURE 3
 Variable importance of OOP costs [top: sub-model (1), bottom: sub-model (2)].




4 Discussion

Increasing the prevalence of complex diseases leads to more OOP payments (29). Furthermore, increases in OOP payments can have regressive effects, potentially leading to a substantial number of people being pushed into poverty due to health care costs (30, 31). Thus, accurate predictions of health spending patterns can help predict how countries will fare in the health care sector (31).

The determinants of OOP costs for lifestyle-related outpatients are not uniform, as some outpatients with hypertension also have other lifestyle-related diseases, such as diabetes (32). Indeed, according to the 2021 Survey on Trends in Lifestyle-Related Diseases (33), outpatients with diabetes or hypertension accounted for the first or second largest share of healthcare expenditures among 10 lifestyle-related diseases (34). The survey (33) shows that hypertension and hyperlipidemia had the first and second highest rates of physician visits, respectively, and the year-to-year increase in outpatient costs for diabetes and hyperlipidemia was above 5%.

Most contemporary health systems have achieved a certain degree of universal health coverage, particularly with regards to prevention, screening, diagnostics, and treatment of major NCDs such as hypertension (35). Given the long and clinically unpredictable course of the disease, most systems cover provision and reimbursement of essential medicines for hypertension and regular physician visits in primary care through the medical insurance premiums (36). However, sudden and predictable complications of hypertensive disease such as cerebral stroke, myocardial infarction or renal insufficiency, may result in life threatening conditions (37) with necessary hospital admissions to the intensive care unit (38). These treatments may last up to a few weeks and frequently lead to long-term impairment, disability, months-long absenteeism, decreased working ability and even premature mortality (39). Such consequences are the real-life toll and societal burdens of hypertension leading to huge OOP spending by patients and their families (40). Furthermore, this leads to the catastrophic household expenditure phenomenon which is widespread in the Global South LMICs countries without strong Japanese welfare and risk sharing agreements (41), which leads to families falling into debt and poverty traps (42). Therefore, we should carefully observe our Japanese OOP cost projections, particularly compared to Emerging BRICs Markets (43) as the leading global drivers of real GPD growth and consecutive health spending worldwide (44).

We estimated the predicted logged real OOP costs of hypertensive outpatients, with attention to complications of other lifestyle-related diseases and nonlinearities in the data, using RF models. The variables of importance shown in Figures 2, 3 indicate that preventing complications of diabetes or lipidemia is important for reducing OOP costs in outpatients with hypertension. Therefore, regular exercise of moderate or vigorous intensity is recommended in the no ADL difficulty group. In contrast, for hypertensive patients with ADL difficulties, habitual exercise must not be remedied to prevent the development of ischemic heart disease (45).

Providing accurate prediction of OOP payments for chronically ill patients and reducing the upper limit of OOP payments is important to prevent their catastrophic health care expenditures. However, due to data limitations, this study cannot link data on public pension benefits and OOP payments for older people to examine the desired upper limit of OOP payments.

Furthermore, it was well documented in the seminal literature that the importance of the education of patients about the risk factors may substantially influence their long-term behavior (46). Responsible attitude toward patient’s own disease may lead to precautious diet, exercise, healthy lifestyle and utilization of artificial intelligence assisted small, wearable medical devices (47). Such an equipment may provide the attending physician and the patient alike with reliable 24/7 supervision of the most, sensitive fluctuating clinical indicators such as arterial tension, cardiac rhythm, glycemia control or partial pressures of blood oxygen (48).

All these medical surveillance data are possible to be obtained to the scale of in-depth observation of inner bodily dynamics that was unthinkable only a few years ago. Constant education of health providers about the ongoing AI-related, technological revolution in clinical medicine is rapidly expanding the horizon of our understanding of arterial hypertension’s unpredictable dynamics in the real-world setting (49). Alongside this change, adoption of random forest and similar modeling approaches to the health econometrics field allow us to better cope with “a boomerang phenomenon.” Namely, rather insufficient density of physicians and nursing staff, have significant impact to the delayed discovery of hypertension persistence in the vast number of patients due to poor coverage of general population with screening measures (50).

In return this fact leads to a neglected, self-evolving disorder leading to microangiopathic changes of small blood vessels and accelerated atherosclerosis of large blood vessels (51). Both histopathological changes drive occurrence of unpredictable, severe and hard to treat clinical complications ranging from malignant cardiac arrhythmias, myocardial infarction, cerebral stroke etc. Most of these conditions require lengthy and exceptionally expensive intensive care unit admissions which might have been partially prevented with mass public health screening procedures of far more humble than overall budget impact (52). This is neglection of NCDs is widely known as the boomerang effect. Among other OECD countries the causal bottleneck insufficiency is prominent in Japan with 269 practicing physicians per 100,000 inhabitants as of 2020 (53). Room for successful intervention yet remains as witnessed by the findings of current study.



5 Conclusion

This study predicted the highest quartile group of OOP costs for hypertensive outpatients, focusing on complications with other lifestyle-related diseases and nonlinearities of the data. The estimation results of the RF models showed that the prediction accuracy of OOP costs for hypertensive patients without ADL difficulties was slightly better than that for all hypertensive patients who had continued their physician visits during the past two consecutive years. The important variables in the highest quartile of OOP costs were age, diabetes or lipidemia, lack of habitual exercise, and moderate or vigorous regular exercise. Habitual exercise must not be remedied to prevent the development of ischemic heart disease in patients with hypertension and ADL difficulties. In the present study, sub-model (2) recorded the highest OOB error of the three models; the mechanism by which the exclusion of older adults with no ADL difficulties contributed to the lower prediction accuracy is unclear. Future studies should be conducted to clarify this point.
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Background: This study examines the factors affecting unmet healthcare experiences by integrating individual-and community-level extinction indices.
Methods: Using spatial autocorrelation and multilevel modeling, the study utilizes data from the Community Health Survey and Statistics Korea for 218 local government regions from 2018 to 2019.
Results: The analysis identifies significant clustering, particularly in non-metropolitan regions with a higher local extinction index. At the individual level, some factors affect unmet medical needs, and unmet healthcare needs increase as the local extinction index at the community level increases.
Conclusion: The findings underscore the need for strategic efforts to enhance regional healthcare accessibility, particularly for vulnerable populations and local infrastructure development.
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1 Introduction

Despite extensive efforts to combat the declining birth rate in South Korea since 2006, the country still grapples with persistently low fertility rates and a rapid rise in its older adult population, creating a demographic challenge that threatens its socioeconomic stability. This issue varies between regions, with smaller cities and rural areas facing an escalating risk of depopulation (1, 2). Citing Masuda Hiroya’s warning about regional depopulation in Japan and Lee’s (3) study on local extinction in Korea, the 2019 Index of Local Extinction Risk by the Korea Employment Information Service indicates that over 100 municipalities in South Korea could face a risk of extinction by 2021, up from 97 in 2020. The Board of Audit and Inspection of Korea (4) predicts that by 2047, all 226 cities and counties could be at risk of extinction. Of these, approximately 70% are classified as having a “high extinction risk.” Given the persistent low birth rates in South Korea, a somber prediction suggests a steady decline by 2047, leading to a super-aged society where community functions deteriorate and the population decreases. Ultimately, this will negatively affect residents’ well-being (5).

The local extinction index is defined as the ratio of women aged 20–39 years to the population aged 65 years and older. This index is used to measure the risk of population decline, with lower values indicating higher risk due to lower birth rates and an aging population. The theoretical framework of local extinction involves understanding the socio-economic and demographic factors behind regional population declines, highlighting that the issue extends beyond aging and low birth rates (4). Regions facing severe local extinction often experience vulnerabilities in essential societal and economic aspects, such as housing, education, employment, healthcare, and welfare (6). This resource imbalance directly affects residents’ well-being by hindering basic human needs (7). Unfortunately, rural areas and smaller cities in South Korea grapple with social issues triggered by population changes, leading to growing healthcare disparities between regions (8). Here, the predominantly privatized healthcare system poses difficulties in providing essential medical services to underserved areas owing to financial constraints or closures of healthcare facilities in sparsely populated regions (9). Consequently, the issue of local extinction is no longer confined to rural and underdeveloped regions. Rather, it represents an ongoing and realistic challenge for the country.

Universal Health Coverage (UHC), a central tenet of the United Nations’ Sustainable Development Goals since 2015, remains a vital global health priority, aiming to ensure equal health rights for all individuals (10). UHC focuses on making healthcare services accessible to reduce health inequalities by improving factors like facilities, personnel, finances, and information related to healthcare provision and usage (11). Geographical accessibility, in this context, refers to the actual distance people need to travel to access healthcare, which is influenced by variables such as the distribution of healthcare facilities, transportation networks, and geographical barriers. Addressing health disparities stemming from limited geographical access necessitates collaborative national efforts (12, 13). Despite initiatives like the “First Basic Plan for Public Health and Medical Services” that aim to address regional healthcare disparities, gaps in unmet healthcare experiences due to geographical access disparities persist (14, 15). As non-urban areas witness population shifts, a comprehensive regional approach is vital to tackling health disparities in local communities to deal with impending challenges, such as local extinction (16).

Unmet healthcare refers to a situation in which medical needs, whether perceived by individuals or deemed necessary by medical professionals, are not met in a timely way (17). The importance of unmet healthcare needs can be categorized into three aspects. First, the absence of timely access to healthcare services is a violation of the fundamental right to health. Second, from a practical standpoint, not receiving necessary medical services can lead to health deterioration and increased mortality rates due to delayed diagnosis or treatment. This can escalate healthcare utilization and costs (18, 19). Unmet healthcare needs elevate disease severity and complications and diminish satisfaction with care and overall quality of life (20, 21). Third, from an equity perspective, healthcare disparities disadvantage vulnerable groups in terms of health, limiting their opportunities for better health and well-being (22).

Previous research predominantly approached unmet healthcare needs from an individual perspective, overlooking structural factors like societal and economic contexts (23–25). This limits effective policy changes and interventions. Currently, recognizing structural determinants as pivotal in shaping health decisions is gaining traction (26). While population shifts contribute to local extinction and resultant health issues, prior studies mainly focused on spatial distribution changes, neglecting the interplay between regional healthcare infrastructure and community health levels (27–29). However, addressing interregional health disparities arising from local extinction requires a balanced regional approach (30).

Given the aforementioned factors, this study primarily aimed to calculate the Local Extinction Risk Index, which will enable the monitoring of spatiotemporal trends in areas at risk of local extinction in South Korea. In addition, this study comprehensively investigates the influence of the extinction index on individuals’ access to healthcare services in different geographic locations. It is anticipated that the outcomes of this study will establish a robust foundation for shaping effective public health policies and optimizing resource allocation strategies. By addressing inter-regional health disparities resulting from variations in the Local Extinction Risk Index, the study aspires to offer well-informed and enduring policy recommendations aligned with our overarching objectives. These findings are particularly relevant to Sustainable Development Goal 3 (SDG3), which aims to ensure healthy lives and promote well-being for all ages (31). By addressing healthcare accessibility in regions with high risk, this study contributes to achieving SDG3 targets, such as reducing health disparities and ensuring UHC.



2 Materials and methods

This study examines the factors affecting unmet healthcare needs by integrating individual and community-level extinction indices. Using spatial autocorrelation and multilevel modeling, the study uses data from the Community Health Survey and Statistics Korea for 218 local government regions from 2018 to 2019.


2.1 Study area

South Korea has 17 regional jurisdictions, including seven metropolitan cities (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) and eight provinces (Gyeonggi-do, Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do, Gyeongsangbuk-do, and Gyeongsangnam-do). The country also has a special self-governing province of Jeju and a self-governing city of Sejong, which cover the capital region. These entities are subdivided into smaller units like cities, counties, and districts. For the spatial analysis in this study, 218 of 226 local government entities were selected, excluding islands and remote areas, based on data availability.



2.2 Variables

Table 1 presents the variable definitions.



TABLE 1 Definitions of the variables.
[image: Table listing variables, their meanings, and sources. At the individual level, factors include sex, age, education, marital status, income, self-rated health, and chronic disease. Source: Community Health Survey (2018, 2019). At the community level, the local extinction index is included. Source: Korea Statistical Information Service (2018, 2019).]


2.2.1 Dependent variable

Unmet healthcare refers to situations where individuals, despite having a desire and need for medical care, experience a lack of access to healthcare services for any reason. This state is an “unmet healthcare experience” (32). The variable for unmet healthcare needs is defined based on the proportion of individuals aged 65 years and older who, in a community health survey, responded “yes” to the following question: “In the past year, have you needed medical treatment (examinations or therapy) at a clinic (excluding dental care) but not received it?”



2.2.2 Independent variables


2.2.2.1 Individual-level variables

The independent variables were categorized based on Andersen’s (33) healthcare utilization model, which includes predisposing factors, enabling factors, and need factors. In this study, predisposing factors included gender, age, educational level, and marital status. Educational levels were classified as “No education,” “Elementary school,” “Middle school,” “High school,” and “University.” Marital status was categorized as “Married spouse” and “Non-spouse.” Enabling factors included monthly household income adjusted for equivalence. Need factors included self-rated health status and chronic illness. Self-rated health status was categorized as “Very bad,” “Bad,” “Fair,” “Good,” and “Very good.” Finally, chronic illness (hypertension or diabetes) was classified as “Present” or “Absent.”



2.2.2.2 Community-level variables

The local extinction index employed the number of women aged 20–39 years, based on reproductive capability, to gauge potential regional decline. According to a previous study, a 50% decrease in this number could render a locality “at risk” because of the resultant challenges in social security and employment (34). Lee (3) extended Masuda’s method, assessing the decline risk through the ratio of women aged 20–39 years to those aged 65 years and older. An index ≥1.0 signifies an area is “safe,” 0.6–1.0 suggests it is in “incipient decline,” 0.2–0.5 flags it as “at risk,” and < 0.2 implies an area is “high risk” (3). The formula for the decline index in this study is:

[image: Equation for the Local Extinction Index, defined as the ratio of women aged twenty to thirty-nine years to the population aged sixty-five years and above.]

The numerator of the local extinction index signifies women aged 20–39 years and reflects low birth rates. The denominator represents the older adult population (65 years and older), which will indicate population aging. Emphasizing low birth rates and the growing older adult population leads to lower index values, denoting a more pronounced population decline and a higher risk of regional decline. For interpretation, this study utilized a fixed value, in which higher local extinction index values indicate higher risk.

In this study’s framework, a higher local extinction index indicates higher risk and is linked to greater unmet healthcare needs due to demographic imbalances like low birth rates and an aging population. The extinction index serves as a crucial variable for predicting and addressing healthcare needs in aging populations, helping policymakers allocate resources effectively and develop strategies to mitigate the impacts of demographic changes on healthcare systems.





2.3 Analysis methods

Statistical analyses of the existing data were performed using RStudio (Version 4.2.3, Windows) and GeoDa (Version 1.20.0.10). To visualize spatial patterns, QGIS (Version 3.24.1) was used.


2.3.1 Spatial autocorrelation

Spatial data refers to the interdependence and interaction between geographical spaces with similar characteristics, which tend to be highly correlated as they are spatially adjacent (35). We used Moran’s I statistic (36) to analyze the univariate spatial autocorrelation. The basic formula is given by Eq. (1):

[image: Moran's I formula is displayed, representing a measure of spatial autocorrelation. It is expressed as a fraction: the numerator contains a double summation of the product of weights, deviations of \(Y_i\) and \(Y_j\) from their mean \(\bar{Y}\); the denominator includes the sum of weights and the sum of squared deviations from the mean.]

where N represents the number of spatial units, Y is the dependent variable, Yi denotes the mean value of Y in unit i, and ω represents the spatial weight matrix at locations i and j. Moran’s I index is used to assess statistical significance through a Z-test. Its basic formula is given as Eq. (2):

[image: The image shows a mathematical formula: \( Z = \frac{I - E(I)}{S_e(I)} \), labeled as equation (2).]

where E(I) and Se (I) represent the mean and standard deviation of statistic I, respectively. The spatial autocorrelation index of Moran’s I ranges from −1 to +1, with values closer to +1 and − 1 indicating a more positive and negative spatial correlation, respectively (37).

We used local indicators of spatial associations to calculate hotspots in each city, revealing four main patterns: high-high (HH), high-low (HL), low-high (LH), and low-low (LL). HH means the variable is elevated both within the area and nearby. HL indicates high values within one area but low values in the surroundings. LH suggests lower values in one area compared to its surroundings, while LL implies low values in both the area and its surroundings.



2.3.2 Hierarchical linear model

This study employed a hierarchical linear model (HLM) to analyze the impact of the local extinction index variables and individual-level socio-demographic factors on the unmet healthcare needs of older adults. HLM, unlike conventional regression models, considers individual and higher-level contextual factors simultaneously, yielding more accurate outcomes (38). It acknowledges the interplay between these levels, thus enhancing the reliability of results (38). To determine the suitability of HLM, an intraclass correlation coefficient (ICC) exceeding 5% was recommended in the presence of group-level differences (39). Eq. (3) presents the formula:

[image: Formula for Intraclass Correlation Coefficient (ICC): \(\text{ICC} = \frac{\tau}{\tau + \sigma^2}\).]

where τ represents the variance at the regional level and σ2 the variance at the individual level. ICC represents the proportion of total variance in the dependent variable attributed to between-region differences, indicating regional disparities (40). Therefore, ICC allows us to understand the proportion of variance in the overall data explained by regional disparities.

In the course of our study, the HLM analysis approach was adopted. This involved the implementation of both individual-level and regional-level models. The individual-level model was designed to delve into the intricacies of unmet healthcare needs. This model meticulously dissected the unique attributes of each individual, effectively capturing the nuanced fluctuations in healthcare requirements across various geographical domains. Concomitantly, the regional-level model was crafted to provide a broader perspective. This model systematically probed the underlying determinants contributing to unmet healthcare needs within distinct geographic areas. It thoughtfully factored in regional idiosyncrasies and influences that collectively shape healthcare needs within specific locales.

The individual-level and regional-level models are given by Eqs. (4) and (5):

[image: Mathematical equation showing "Y subscript i j equals beta subscript zero j plus gamma subscript i j" followed by the number four in parentheses.]

[image: Equation showing \(\beta_{0j} = \gamma_{00} + \mu_{0j}\), labeled as equation (5).]

The individual-level model (Eq. 4) represents the unmet healthcare needs ([image: Italic uppercase Y with subscript i and j.]) of older adults. It combines the average needs in their region ([image: Beta subscript zero j.]) with an individual-specific error ([image: Greek letter gamma with subscript i and j.]). The regional-level model (Eq. 5) examines how the characteristics of an individual’s region affect the outcome. [image: Greek letter beta with subscript zero and j.] is the average unmet healthcare need in region j. Specifically, [image: The image contains the mathematical symbol "γ subscript zero zero," likely representing a component in mathematical or scientific equations.] is a constant representing the overall average across all regions, and [image: Mathematical notation showing the symbol alpha subscript zero subscript j.] is a region-specific error reflecting unique regional traits that contribute to individual variability beyond the average. Here, the distinct cultural, economic, and educational factors in each region can influence the outcome. The HLM uses individual and regional variables to predict outcomes, offering a valuable approach to analyzing regional disparities and individual differences. Figure 1 illustrates the model of this study.

[image: Diagram illustrating factors affecting unmet healthcare needs due to accessibility limitations. At the individual level, predisposing factors include sex, age, education, marital status; enabling factors include income; need factors include self-rated health and chronic disease. At the community level, the Local Extinction Index is considered.]

FIGURE 1
 Research model.





2.4 Ethics statement

The approval for this study was obtained by the Institutional Review Board of Korea University (approval number: KUIRB-2023-0174-01), in compliance with the Helsinki Declaration.




3 Results

In this study, individual-level analysis was conducted using community health survey data from 2018 and 2019. The survey included 67,311 individuals aged 65 years and above in 2018 and 50,851 in 2019. Following the exclusion of participants who did not report medical dissatisfaction, the final dataset for analysis comprised 5,101 participants from 2018 and 2,843 from 2019, as illustrated in Figure 2.

[image: Flowchart showing the selection process of participants from two surveys, 2018 CHS and 2019 CHS, starting with a total of 387,637 individuals. After excluding participants under 65, 118,162 remain. Excluding those without unmet healthcare needs leaves 8,218. Finally, excluding non-responders results in 7,944 participants. Counts for each step are provided for both years.]

FIGURE 2
 Data selection flow chart.



3.1 Ten regions with the highest unmet healthcare needs

Table 2 displays the five leading and trailing areas according to the local extinction index, categorized by city and county. The top five regions in 2018 and 2019 were certain parts of Gyeongsangbuk-do, Gyeongsangnam-do, and Jeollanam-do. The bottom five regions in 2018 included Ulsan, Daejeon, specific zones in Gyeonggi-do, and certain areas of Gyeongsangbuk-do. In 2019, the bottom five included Ulsan, Gyeonggi-do, Daejeon, and certain parts of Gyeongsangbuk-do.



TABLE 2 Regions at the Top and Bottom of the Local Extinction Index.
[image: Table showing "Top 5" and "Bottom 5" regions by LEI for 2018 and 2019. For 2018, "Top 5" includes Goheunggun, Jeollanam-do (1.89) and "Bottom 5" includes Bukgu, Ulsan (0.48). For 2019, "Top 5" and "Bottom 5" regions remain the same, with slight changes in LEI, like Goheunggun, Jeollanam-do (1.9) and Bukgu, Ulsan (0.55).]

The choropleth map of the local extinction index offers insights into spatial distribution, with a primary focus on non-capital regions (Appendix A). All areas experienced an increased risk of regional decline from 2018 to 2019. Jeollanam-do exhibited the highest risk of decline, and Sejong City had the lowest risk (Appendix B).



3.2 Descriptive statistics

Table 3 presents the descriptive statistics of the variables. Regarding the dependent variable, unmet healthcare needs owing to accessibility limitations decreased slightly, from 27% in 2018 to 23% in 2019. The mean age increased slightly, from 75.84 years in 2018 to 76.01 years in 2019, and household income also increased from 4.95 to 5.09, respectively. The ratio of women was higher than that of men. Women also had a higher prevalence of chronic diseases. The proportion of married individuals was higher in 2018 at 50.6% than that of unmarried individuals. However, in 2019, the proportion of unmarried individuals was higher at 55.7%. Education level was highest for “elementary school,” followed by “no education,” “middle school,” “high school,” and “college” in descending order. Regarding participants’ self-rated health status, a large proportion rated it as “poor,” followed by “fair,” “very poor,” “good,” and “very good” in that order.



TABLE 3 Descriptive Statistics.
[image: A table shows data from 2018 and 2019 on healthcare access and demographics. Variables include age, income, gender, education, marital status, self-rated health, and chronic disease. The table details mean, standard deviation, minimum, and maximum values for individual and community levels, as well as frequencies for unmet healthcare needs. Data is segregated by year, showing changes over time.]



3.3 Spatial autocorrelation of the local extinction index

To calculate Moran’s I coefficient, a spatial weighting matrix was constructed to ensure that each location had at least one neighboring point. Figure 3 shows the results of the spatial autocorrelation. The computed and verified Moran’s I values demonstrated statistical significance for both years, yielding values of 0.647 and 0.645 in 2018 and 2019, respectively.

[image: Maps of South Korea for 2018 and 2019 show areas of local extinction index using color coding: red for high-high, blue for low-low, and purple for low-high. Both years have Moran's I values around 0.645, indicating significant spatial autocorrelation.]

FIGURE 3
 Spatial autocorrelation of the local extinction index. *p < 0.05, **p < 0.01, ***p < 0.001.


For spatial clustering, of the 218 administrative districts across the country, the number of HH clusters increased from 51 regions in 2018 to 53 in 2019. HH clusters were observed in specific areas of Gangwon-do, Gyeongsangbuk-do, Gyeongsangnam-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-do, and Jeollanam-do. The number of LL clusters increased from 49 regions in 2018 to 50 in 2019, with LL clusters identified in certain parts of Seoul, Gyeonggi-do, Incheon, Daejeon, Sejong, and Ulsan.



3.4 Results of the hierarchical linear model

Table 4 displays the results from the HLM’s null model analysis. An ICC, which shows regional-level variance within the total variance, was evaluated to test the validity of the model. The ICC values were around 11% in 2018 and 8.9% in 2019. Thus, validity was confirmed as the ICC values exceeded the 5% threshold (39). A comparison of the variance components showed an increase in total individual variance from 1.8 to 2.3%, likely owing to differing local extinction index.



TABLE 4 Results of the null model.
[image: Table showing fixed and random effects for the years 2018 and 2019. For 2018, the fixed effect coefficient is -1.377 with a standard error of 0.321; for 2019, it is -1.451 with a standard error of 0.294. Random effects include μ (0.407 in 2018, 0.3218 in 2019), r (0.638 in 2018, 0.5673 in 2019), and χ² (364.14 in 2018, 275.15 in 2019). ICC is 11% in 2018 and 8.9% in 2019. Significance levels are p < 0.05*, p < 0.01**, and p < 0.001***. ICC stands for intraclass correlation coefficient.]

Table 5 provides the results of the multilevel model analysis. Significant influences (p < 0.001) on older adults’ unmet healthcare experiences by geographical area included gender, age, education, income, self-rated health, and marital status in 2018, and age, education, marital status, self-rated health, and chronic illnesses in 2019. The local extinction index consistently demonstrated a significant impact (p < 0.001) on older adults’ healthcare experiences.



TABLE 5 Results of the hierarchical linear model.
[image: Table comparing fixed and random effects for 2018 and 2019 with individual and community level variables. Individual variables include intercept, gender, age, education, marital status, income, self-rated health, and chronic disease. Community variable is the Local Extinction Index. Random effects include regional index, AIC, and BIC values. Significance levels are indicated by asterisks: *p < 0.05, **p < 0.01, ***p < 0.001.]



3.5 Model fit evaluation

This study aimed to assess the final model’s goodness of fit by comparing two models: Model 1, which considered individual-level factors, and Model 2, which included regional-level factors. Model fit was evaluated using Akaike’s Information Criterion [AIC; see (41)] and Bayesian Information Criterion (BIC) indices, where lower values indicate a better-fitting and less complex model. In general, a difference in the AIC value of more than 4 suggests that the model needs improvement (42, 43). For 2018, Model 1 had an AIC/BIC of 5406.2/5465, and Model 2 had an AIC/BIC of 5385.4/5450.7. In 2019, Model 1 had an AIC/BIC of 2741.4/2794.4, and Model 2 had an AIC/BIC of 2729.5/2789. As such, the comparative analysis showed Model 2 to be a more suitable fit for the data.




4 Discussion

Recent research on regional health disparities extends beyond identifying gaps to understanding their impact on residents’ well-being. Prior studies commonly visualized changes in depopulating regions without fully explaining local health disparities. Furthermore, research on unmet healthcare needs typically focused on individuals and overlooked structural influences such as social and economic contexts, resulting in a limited understanding. This study is novel in that it integrates Andersen’s healthcare utilization model and incorporates individual and regional factors to comprehensively grasp forces affecting unmet healthcare experiences. This study employed spatial analysis and multilevel modeling with nationwide data (2018–2019) from the Community Health Survey and Statistics Korea.

Analyzing the spatial autocorrelation of the local extinction index, an increase in clustering was observed, especially in non-metropolitan areas, from 51 regions in 2018 to 53 in 2019. This aligns with earlier research indicating that areas facing local extinction are predominantly distributed in non-metropolitan regions such as Jeollabuk-do, Jeollanam-do, Gyeongsangbuk-do, and Gyeongsangnam-do (26). The spatial clustering emphasizes the need for targeted policy interventions to address the unique challenges in these areas.

The results from the multilevel model show the following. First, individual characteristics revealed important insights into geographical disparities in unmet healthcare needs. Gender emerged as a determinant, with women being more vulnerable, which is consistent with prior research (13, 44, 45). Age also had a significant role, in that that older individuals faced higher odds of such experiences. This is consistent with the findings of Jang and Lee (46) and Kwon and Choi (47), who both emphasized rational healthcare resource distribution for aging-related challenges. In addition, education had an impact: a higher level of education was linked to increased odds of unmet healthcare needs, which is also supported by previous studies (13, 48–50). In 2019, the presence of a spouse was an influencing factor, underscoring the importance of paying attention to healthcare for individuals without a spouse (45). These findings stress the need for ensuring gender-specific interventions, rational resource allocation, and addressing educational disparities to improve healthcare accessibility and management.

Second, concerning enabling factors, higher household income was linked to reduced geographical disparities in unmet healthcare needs in 2018. This is similar to previous research highlighting the elevated likelihood of such issues among lower-income households owing to limited accessibility (51–53). Here, income inequality exacerbates healthcare disparities, leading to more unmet healthcare needs among lower-income groups (51). Similarly, Kim et al. (52) found a higher prevalence of unmet healthcare needs in lower-income households. Song et al. (51) also reported an odds ratio of 4.95 (95% CI 1.91–12.87) for unmet healthcare needs in lower income groups compared to higher income groups. These findings underscore the persistent role of economic factors in shaping unmet healthcare needs. While statistical significance was observed only for 2018, future research could delve into income categorization for a more nuanced understanding. Nonetheless, acknowledging the impact of economic factors, it is essential to explore interventions such as strengthening health insurance coverage and improving payment systems to alleviate financial burdens.

Third, regarding need factors, better self-perceived health was linked to reduced geographical disparities in unmet healthcare needs, consistent with Choi and Ryu (45) and Kim et al. (52). Choi and Ryu (45) associated better health with lower odds (0.34; 95% CI, 0.26–0.44) of experiencing unmet healthcare needs. Kim et al. (52) also found that self-perceived health influenced unmet healthcare needs. They confirmed that poorer self-perceived health may lead to lower health behavior adherence, causing individuals to perceive themselves as unhealthy if their healthcare needs are not met, in contrast with those who perceive better health (54). The presence of chronic illnesses increased the odds of geographical disparities in unmet healthcare needs, which is consistent with the results of prior research (24, 55). While Kim and Lee (55) emphasized the impact of chronic illnesses, Kim and Eun (24) did not find a significant effect in panel data from 2009 to 2013. This study found the data for 2019 to be significant, and given Korea’s aging population, addressing geographical health disparities necessitates policies targeting vulnerable chronic illness groups.

Fourth, disparities in the local extinction index significantly contributed to higher individual-level geographical unmet healthcare experiences. The spatial autocorrelation analysis revealed that areas with higher local extinction indices, primarily rural regions, experienced limited healthcare access, which is consistent with prior research (8, 56, 57). This highlights the importance of addressing structural healthcare inequalities in rural and high-risk regions to ensure equitable access to healthcare services. An et al. (8) emphasized rural–urban healthcare resource disparities impacting accessibility due to transportation challenges. Similarly, Chang (56) highlighted the influence of poor healthcare service accessibility on unmet healthcare needs among older adults. Taqi et al. (57) underscored the role of rural healthcare infrastructure deficits in hindering access, revealing geographical disparities in unmet healthcare needs. Therefore, enhancing healthcare infrastructure and improving transportation networks in these regions is a crucial piece of addressing these unmet healthcare disparities. By enhancing healthcare accessibility in regions with high local extinction indices, this study supports SDG3 (reduce health disparities and ensure universal health coverage). The findings underscore the necessity for comprehensive policy interventions aligned with the WHO and UN guidelines to address regional healthcare disparities. Specifically, improving healthcare infrastructure and transportation in high-risk areas can significantly enhance health outcomes and promote a more equitable healthcare system. The WHO’s framework on social determinants of health emphasizes the importance of improving healthcare accessibility to reduce health inequities (26). In addition, UNDP’s report on sustainable development highlights the need for robust infrastructure and transportation networks in underserved regions to achieve SDG3 (58). These international guidelines align with the study’s recommendations, advocating for targeted policy interventions to ensure equitable healthcare access and improve overall health outcomes in high-risk areas.

In conclusion, this study revealed that individual-level factors, along with the community-level risk of local extinction, contribute to increased geographical disparities in unmet healthcare needs among older adults. Despite government efforts to enhance healthcare accessibility under the “Public Health and Medical Service Act,” the findings of this study highlight variations in perceived accessibility constraints based on the degree of local extinction. Specifically, considering the exacerbated geographical unmet healthcare disparities due to differences in the local extinction index, addressing economic accessibility and developing healthcare systems and infrastructure within local communities are essential to mitigating inter-regional healthcare inequalities. As an example of how to address these issues, Japan introduced the concept of a “community living district” in 2014 to combat population decline and local extinction. These districts integrate daily facilities for healthcare, welfare, and shopping to restructure regions, fostering connections between neighboring clusters and enhancing well-being (59, 60). Furthermore, politician and scholar Masuda Hiroya proposed “core cities” to encourage growth around metropolitan regions, advocating for continuous policy efforts (61). In response, Korea designated 89 high-risk municipalities as population decline regions and introduced the “Special Act on Population Decline Area Support” to prevent population disappearing, emphasizing comprehensive support (8). However, managing areas beyond this law is crucial owing to widespread population decline. To mitigate geographical disparities in unmet healthcare needs, a growth-centric “community living district” could link regional resources. Addressing the vulnerable older adult population as Korea becomes an ultra-aged society requires community-centered health systems to bridge health disparities between urban and rural areas. Furthermore, despite its contributions, this study also has limitations. First, using yearly samples from the Community Health Survey instead of panel data may hinder establishing robust causal relationships owing to changing sample composition. Future regional panel surveys could offer deeper insights into long-term trends and higher-level causal links. Second, the exclusive reliance on the local extinction index on population data for discussing local extinction might narrow its scope. Incorporating broader regional characteristics like economic activity and education level could provide a more accurate assessment. Third, the scope of this study was limited as it excluded islands and rural areas from the spatial analysis. Furthermore, data adjustments may affect the generalizability of the results. Geographical data often exhibit spatial dependence, as linked to the Modifiable Areal Unit Problem (MAUP) (62), potentially raising issues related to the selection of spatial units.

Nonetheless, this study boasts several noteworthy strengths. First, it combines individual-level variables with regional data, creating a diverse dataset that captures interactions between individuals and their local communities. This comprehensive approach provides insights into education, income, health, and the environment, enabling tailored policies for socioeconomic revitalization and healthcare promotion that align with regional traits. Second, incorporating the hierarchical structure of the local extinction index enhances the precision of the model. Unlike traditional linear regression, multilevel models consider interactions within this hierarchy, leading to more accurate results. The correlation between the local extinction index and geographical disparities in unmet healthcare needs is explored, offering informed policy recommendations for health policy formulation. Third, analyzing time-series data shows temporal changes and trends in regions. Over time, the influence of the local extinction index and individual-level factors may evolve, allowing predictions about geographical disparities in unmet healthcare issues stemming from local extinction. These insights are valuable for enhancing health policies, improving community well-being, and addressing healthcare disparities.



5 Conclusion

This study differs from previous research in that it comprehensively analyzes individual-level key factors based on Anderson’s healthcare utilization model and the community-level local extinction index to clarify the factors influencing unmet medical experiences. The results of this study are expected to contribute to improving health disparities in local communities if a system for community-centered, geographically-based healthcare management is established. Furthermore, it is expected that focusing on vulnerable areas and designating “cluster living zones” could reduce the gap in unmet medical needs across regions by ensuring that resources are allocated for social infrastructure development and enhancement. Addressing healthcare accessibility in high local extinction index regions is essential for achieving SDG3, which aims to reduce health disparities and ensure universal health coverage. Policy interventions aligned with WHO and UN guidelines can effectively mitigate regional healthcare disparities, significantly improving health outcomes and overall well-being.

Regional decline in South Korea is currently worsening a grave crisis. This predicament is expected to adversely affect the health and welfare of local community residents owing to future population decline, economic downturns, and worsened accessibility to medical services. Consequently, the government and relevant organizations should formulate strategies to enhance medical infrastructure and foster collaboration and community awareness within local communities.
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Background: Multimorbidity has become a major public health problem among Chinese middle-aged and older adults, and the most costly to the health care system. However, most previous population-based studies of multimorbidity have focused on a limited number of chronic diseases, and diagnosis was based on participants’ self-report, which may oversimplify the problem. At the same time, there were few reports on the relationship between multimorbidity patterns and health care costs. This study analyzed the multimorbidity patterns and changes among middle-aged and older people in China over the past decade, and their association with medical costs, based on representative hospital electronic medical record data.
Methods: Two cross-sectional surveys based on representative hospital data were used to obtain adults aged 45 years and older in Xiangyang in 2013 (n = 20,218) and 2023 (n = 63,517). Latent Class Analysis was used to analyze changes in the patterns of multimorbidity, gray correlation analysis and ordered logistics model were used to assess the association of multimorbidity patterns with medical expenses. The diagnosis and classification of chronic diseases were based on the International Classification of Diseases, Tenth Revision codes (ICD-10).
Results: The detection rate of chronic disease multimorbidity has increased (70.74 vs. 76.63%, p < 0.001), and multimorbidity patterns have increased from 6 to 9 (2013: Malignant tumors pattern, non-specific multimorbidity pattern, ischemic heart disease + hypertension pattern, cerebral infarction + hypertension pattern, kidney disease + hypertension pattern, lens disease + hypertension pattern; new in 2023: Nutritional metabolism disorders + hypertension pattern, chronic lower respiratory diseases + malignant tumors pattern, and gastrointestinal diseases pattern) in China. The medical cost of all multimorbidity patients have been reduced between 2013 and 2023 (RMB: 8216.74 vs. 7247.96, IQR: 5802.28–15,737 vs. 5014.63–15434.06). The top three specific multimorbidity patterns in both surveys were malignancy tumor pattern, ischemic heart disease + hypertension pattern, and cerebral infarction + hypertension pattern. Hypertension and type 2 diabetes are important components of multimorbidity patterns. Compared with patients with a single disease, only lens disorders + hypertension pattern were at risk of higher medical costs in 2013 (aOR:1.23, 95% CI: 1.03, 1.47), whereas all multimorbidity patterns were significantly associated with increased medical costs in 2023, except for lens disorders + hypertension (aOR:0.35, 95% CI: 0.32, 0.39). Moreover, the odds of higher medical costs were not consistent across multimorbidity patterns. Among them, ischemic heart disease + hypertension pattern [adjusted odds ratio (aOR):4.66, 95%CI: 4.31, 5.05] and cerebral infarction + hypertension pattern (aOR: 3.63, 95% CI: 3.35, 3.92) were the two patterns with the highest risk. Meanwhile, men (aOR:1.12, 95CI:1.09, 1.16), no spouse (aOR:1.09, 95CI: 1.03, 1.16) had a positive effect on medical costs, while patients with total self-pay (aOR: 0.45, 95CI: 0.29, 0.70), no surgery (aOR: 0.05, 95CI: 0.05, 0.05), rural residence (aOR: 0.92, 95CI: 0.89, 0.95), hospitalization days 1–5 (aOR: 0.04, 95CI: 0.04, 0.04), and hospitalization days 6–9 (aOR: 0.15, 95CI: 0.15, 0.16) had a negative impact on medical costs.
Conclusion: Multimorbidity patterns among middle-aged and older adults in China have diversified over the past decade and are associated with rising health care costs in China. Smart, decisive and comprehensive policy and care interventions are needed to effectively manage NCDS and their risk factors and to reduce the economic burden of multimorbidity on patients and the country.
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Introduction

Increasing prevalence and burden of chronic non-communicable diseases (NCDS) in the context of a globally aging population (1, 2). NCDS were characterized by a long course of disease, complex etiology, and poor prognosis, seriously jeopardizing human health (3, 4). In 2008, the WHO defined chronic diseases as multimorbidity when a person with a chronic disease has two or more chronic diseases at the same time (5). Compared with patients with a single chronic disease, patients with multimorbidity will aggravate the difficulty of diagnosis and treatment (6), prolong the hospitalization time (7), lead to the use of joint medication (8, 9), increase medical consumption, aggravate the economic burden of the family and the society (10), and seriously affect the quality of life and life expectancy of middle-aged and older people (11).

Corresponding to the serious chronic disease epidemic is the increasing cost of healthcare. A long-term health and economic burden projection for chronic obstructive pulmonary disease in the United States showed that discounted direct medical costs attributable to COPD were estimated to be $80.90 billion from 2019 to 2038 (12). Global healthcare costs for treating people with diabetes reached $850 billion in 2017, accounting for 12.5% of global healthcare spending, with China ranking second in the world with $110 billion in diabetes healthcare costs (13). A global study of the economic burden of diabetes states that the economic burden of diabetes will reach 2.2% of global GDP in 2020 (14). WHO studies on the burden of NCDS showed that NCDS have an impact on the health-care expenditures of households, societies, and Governments, and ultimately on the macro economies of countries, with each 10 percent increase in chronic non-communicable diseases reducing the rate of growth of a country’s economy by 0.5 percent (15). Multimorbidity can increase the financial burden on patients. Studies in the United States have found that patients with two or three NCDS have medical costs that are 19% higher than those of patients with common chronic diseases. Furthermore, the cost of medical increases with the age of the patient (16). According to a study conducted by academics in England, healthcare costs increase as the number of co-morbidities increases. Patients with four or more chronic conditions have an average healthcare cost that is 5.2 times higher than that of patients without chronic conditions (17). A recent study in China based on 11 NCDS found that the prevalence of multimorbidity among people aged 50–54 years increased from 51 to 71% among people aged 75 years and older (18), and has implications for healthcare spending (19).

Given the different sociodemographic structures, disease patterns and health policy, the patterns of multimorbidity among middle-aged and older adults and medical costs in China may be different from those of other countries. Previous explorations of the relationship between multimorbidity and medical cost rarely investigated the relationship between diferent multimorbidity patterns and medical cost in China. Furthermore, the majority of data from previous multimorbidity surveys in China were usually obtained from community surveys, which may have resulted in recall and reporting deviations in the collected illness data. Additionally, many of the chronic illnesses that researchers focused on were predetermined during the study design, disregarding the potential impact of other chronic illnesses on multimorbidity patterns and medical costs. Moreover, there was limited data available on recent trends in multimorbidity patterns of chronic diseases in China, and their correlation with healthcare costs remained unexplored. Based on representative hospital electronic medical record data, this study reflects the disease status from the individual patient’s point of view. It includes all reported clinical diagnoses of chronic diseases in 2013 and 2023. The study analyzes the associations between changes in multimorbidity patterns and medical costs among middle-aged and older people in China over the past 10 years. These findings can be used as a reference for preventing and managing chronic diseases, reforming healthcare, and conducting related economic evaluations.



Materials and methods


Study design and participants

This is an analysis of repeated cross-sectional surveys based on hospital electronic medical record data in Xiangyang, China. Xiangyang is a vice-center city located in Hubei Province. It has a population of over 5 million and ranks first in gross domestic product among prefecture-level cities in central China. Xiangyang City governs three administrative districts (Xiangcheng, Fancheng, and Xiangzhou) and six counties (Zaoyang, Yicheng, Nanzhang, Baokang, Gucheng, and Laohekou). The study obtained hospitalization information from Xiangyang Central Hospital, the largest hospital in Xiangyang city, which provides over 2 million healthcare services annually. The study included a sufficient number of cases and cost analysis cases. A comparative analysis of repeated cross-sectional surveys was conducted by collecting information from the electronic medical records of all chronically ill inpatients in this hospital between 2013 and 2023. The exclusion criteria for this study were age less than 45 years, primary diagnosis not NCDS, incomplete information on the front page of the case and the content of the medical record, acute disease, all diagnoses without NCDS, and chronic disease detection rate less than 1%. In total, 20,218 and 63,517 valid eligible medical records were obtained between 2013 and 2023, respectively. This study did not involve clinical efficacy assessment, so no sample size calculations or non-inferiority tests were required. All data were collected from the hospital information system (Supplementary Figures S1, S2).



Assessments of covariates, chronic conditions, and multimorbidity

Multimorbidity was defined as reporting co-existence of two or more chronic diseases/conditions within one person. Chronic conditions were determined by extracting the primary diagnosis and the first to ninth secondary diagnoses from the hospitalization information, and the diagnosis of chronic conditions was labeled according to the International Classification of Diseases, Tenth Revision codes (ICD-10). The study included age as a covariate, with age of 45–49, 50–59, 60–69, 70–79, and ≥ 80. Other covariates included sex, type of health insurance (UEBMI: urban employee basic medical insurance, URBMI: urban resident basic medical insurance, TSP: Total self-paying, CMI: Commercial medical insurance), spouse (yes or no), length of stay in hospital (1–5, 6–10, ≥10), surgery (yes or no), and type of residence (rural or urban).

Our primary outcome variables include the direct hospitalization costs, which are classified into comprehensive medical service fees (consultation fees, bed fees, and nursing fees), diagnostic costs (pathological diagnosis, laboratory diagnosis, imaging diagnosis, and clinical diagnosis, i.e., traditional examination and laboratory fees) with reference to the classification of hospitalization costs in the first page of China’s medical records, Treatment costs (non-surgical treatment costs, surgery costs, anesthesia costs, rehabilitation costs, and Chinese medicine treatment costs), medicine costs (western medicine costs, Chinese medicine costs, and blood and blood products category costs), consumables costs (disposable medical materials for examination, disposable medical materials for treatment, and disposable medical materials for surgery), and other costs (air-conditioning costs, escorting costs). Using the costs for 2023 as a benchmark, we normalized the costs for 2013 based on the Consumer Price Index. In addition, inpatient costs were classified into four classes (0–25, 25–50, 50–75%, and 75–100%) through quartiles, i.e., the cost ranges in 2013 were classified as less than RMB 5364.12 (Q1), RMB 5364.12–8303.73 (Q2), RMB 8303.73–14027.74 (Q3), and greater than 14,027.74 (Q4), and for 2023, the cost range is divided into RMB 4810.43 or less (Q1), RMB 4810.43 to RMB 7121.03 (Q2), RMB 7121.03 to RMB 13479.75 (Q3), and greater than RMB 13479.75 (Q4).



Statistical analysis

Descriptive statistics were used to summarize the distribution of participants’ characteristics, with frequencies (percentage) for categorical variables and median (interquartile range, IQR) for continuous variables. The differences in observed prevalence of chronic diseases/conditions and multimorbidity between gender and residential regions were evaluated using Fisher exact tests or Chi-square.

Latent class analysis (LCA) is a robust statistical method employed to uncover latent categories demonstrating statistical correlations among categorical exogenous variables. Recent research has expanded its use to extensively explore patterns of multimorbidity within diverse populations (20). The primary objective of LCA is to elucidate the relationships between categorical variables by identifying the minimal number of potential categories necessary, while ensuring each category maintains local independence. The posterior probabilities of observed variables within each potential category are deduced by calculating the likelihood of each category and the conditional probabilities of the variables within those categories. Based on the magnitude of these posterior probabilities, the most probable category for a given combination of variables is ascertained. This method effectively creates a new categorical variable that captures the essence of the relationships among the observed values, thereby facilitating the clustering of the data into meaningful patterns. In the current study, gray correlation analysis (GRA) was performed to estimate the effect of hospitalization expenses on multimorbidity patterns. The calculation steps are as follows: ① Establish the original database, in this study, the total inpatient costs of multimorbidity patterns derived from the analysis of LCA and the costs of each classification were, respectively, selected as the evaluation indexes, and a gray correlation analysis database was established. ② Determine the reference series, selecting the total cost as the reference series and the six categorical costs as the comparison series. ③ The dimensionless processing of raw data can strengthen the comparability between indicators, and the commonly used methods include the initial value method and the mean value method. In this study, the mean value method was used to remove the dimension. ④ Calculate the absolute difference between each comparative series and the reference series, and find out the maximum and minimum values. ⑤ Calculate the correlation coefficient. ⑥ Find the degree of relatedness (R). Generally, 0 < R < 0.35 is considered as weak correlation, 0.35 ≤ R < 0.65 is considered as medium correlation, and 0.65 ≤ R < 1 is considered as strong correlation. Ordered multicategorical logistic regression were used to examine the relationship between hospitalization expenses and multimorbidity patterns, while accounting for other potential confounding variables as covariates (age, sex, health insurance type, spouse, hospitalization days, surgery, and residence type). All analyses were performed with R 4.3.1 (R Institute for Statistical Computing, Vienna, Austria). The packages “poLCA,” “quantreg,”“MASS,” and “forestploter” were applied.



Sensitivity analyses

Sensitivity analyses were performed to assess the data robustness of the results. First, because previous studies have found a significant positive effect of age on health care expenditures (21), analyses were repeated excluding participants over age 80 (2013, n = 2,888, 2023, n = 4,510) to eliminate the effect of advanced age on the results. Second, because more than 90% of participants participated in either UEBMI or URBMI, analyses were repeated by only including individuals participating the above medicare modalities to reduce the misclassification bias. Finally, quantile regression models were used to assess the impact of comorbidity patterns on medical cost to test the robustness of the results between 2013 and 2023.




Results


Baseline characteristics of participants

Table 1 lists the participants’ baseline characteristics: in 2013, the study population had a median age of 61 (IQR: 53–69), with 50.88% being male. The total direct hospitalization cost was RMB 8303.74 (IQR: 5364.41–14,026), and the length of hospital days was 10 (IQR: 7–15). Of the population, 5.38% were aged ≥80, 13.86% lived in rural areas, 50.89% were aged ≥10 days, 5.25% were total self-paying, and 9.64% underwent surgery. In 2023, the study population had a median age of 64 (IQR: 56–71), with a total direct hospitalization cost of 7121.16RMB (IQR: 4810.56–13479.90) and the length of hospital days was 6 (IQR: 4–10). Of the population, 52.33% were male, 7.10% were aged ≥80 years, 55.32% lived in rural areas, 86.1% had spouses, 2.28% were fully self-pay, and 19.27% underwent surgery.



TABLE 1 Baseline characteristics of the participants.
[image: Table comparing patient characteristics at admission between 2013 and 2023. Categories include age, sex, health insurance type, spouse status, length of stay, surgery, and residential type. Notable data: an increase in patients aged sixty and above, higher usage of URBMI insurance, and a rise in urban residency. Percentages also highlight surgery occurrences and marital status changes over the decade.]



Changes in Chinese middle-aged and older adults affected by single disease and by multimorbidity

The study standardized chronic diseases based on clinical characteristics and ICD-10. After excluding chronic diseases with detection rates less than 1%, 16 chronic diseases were identified in 2013. Out of these, 12,820 (70.74%) were multimorbidity, with the median medical cost of 8,216.74 RMB (IQR: 5802.28–15,737). For a single disease, the median medical costs were 5,979.05 RMB (IQR: 4706.07–8890.01). In 2023, 33 chronic diseases were identified, 48,672 (76.63%) were multimorbidity. The median medical cost of multimorbidity were 7247.96 RMB (IQR: 5014.63–15434.06), while 5979.05 RMB (IQR: 4706.07–8890.01) in patients with single disease (Figure 1).

[image: Bar charts comparing the occurrence of various diseases with and without multimorbidity. Chart A displays data for fewer diseases, while Chart B shows a broader range. Blue bars represent occurrences of one disease, while orange bars indicate multimorbidity. The y-axis lists diseases, and the x-axis shows the number of cases. Notable diseases include malignancy tumors and hypertension, with malignancy tumors having a significant number of cases in both one disease and multimorbidity categories.]

FIGURE 1
 Changes in the number of Chinese middle-aged and older adults affected by single disease and by multimorbidity (n). (A) Chronic diseases among middle-aged and older people, 2013. (B) Chronic diseases among middle-aged and older people, 2023.




Results of LCA

To explore the patterns of multimorbidity among chronic diseases, this study initially conducted LCA on data from 14,304 patients with various chronic conditions in 2013. The analysis covered 16 different chronic diseases and conditions, progressively fitting models from one to seven potential categories. By comparing each model’s BIC and G2, it was found that the model with six categories showed the best data fit (G2 = 2,953) and the lowest BIC (BIC = 140652.1). No significant improvements in model fitting were observed with additional categories, thus six categories were deemed most suitable for the 2013 dataset. A similar methodological framework was applied to the 2023 data, involving 48,673 patients and 33 chronic diseases/conditions. The models were fitted from 1 to 10 potential categories. Model effectiveness evaluation: the same statistical standards revealed that the model with nine latent categories, achieving a G2 of 67441.87 and minimizing BIC to 876923.3, offered the optimal balance between data fit and model complexity. Therefore, nine categories were selected as the ideal model for the 2023 data. To enhance the transparency and scientific integrity of these conclusions, Supplementary Tables S1, S2 detail the BIC and G2 indices for each model across the years, providing a rigorous statistical basis for category selection.

The great likelihood method was used to estimate the posterior probability of each diagnosis being classified into a specific category (Supplementary Tables S3, S4). The magnitude of each posterior probability was then compared to determine the potential category to which the entry should belong. Each potential category was named based on the clinical features of the disease and the organs involved. For the sake of comparison, we assigned the same name to groups with similar probabilities of responding to chronic diseases in both fitted groups. Finally, the text describes different patterns of comorbidity, including malignant tumor pattern (mainly primary or secondary tumor combinations), cerebral infarction and hypertension pattern (including cerebral infarction, hypertension, and type 2 diabetes), ischemic heart disease and hypertension pattern (including arteriosclerotic heart disease and heart diabetes), kidney disease and hypertension pattern (including chronic renal failure, anemia, hypertension, type 2 diabetes, and renal osteodystrophy), and a non-specific comorbidity pattern (involving multiple chronic diseases with a low response probability). The patient presents with a nutritional metabolism disorder and hypertension pattern, specifically Type 2 diabetes, hyperlipidemia, and fatty liver. Additionally, they have a chronic lower respiratory tract disease and hypertension pattern, including chronic bronchitis, emphysema, and malignancy tumor. There is also a gastroenterology issue present with hypertension. Gastrointestinal diseases, including chronic gastritis, gastric and duodenal polyps, and rectal polyps, were observed in 2023. The latter three patterns were newly identified (Figure 2, Table 2).

[image: Heatmaps display disease associations across various classes. Panel A includes six classes with conditions like hypertension and malignancy. Panel B features nine classes including anemia, osteoporosis, and fatty liver. Color intensity represents association strength from zero percent to one hundred percent. Legends specify disease-class combinations, such as "Class 1: Malignancy tumor" and "Class 3: Cerebral infarction+hypertension".]

FIGURE 2
 Latent category conditional probability heat maps for middle-aged and older patients. (A) Potential categories for 2013. (B) Potential categories for 2023.




TABLE 2 LCA categorization results and differences between 2013 and 2023.
[image: Table showing multimorbidity patterns for 2013 and 2023. In 2013, malignancy tumor had the highest percentage at 32.82% with 6,636 cases. By 2023, it increased to 39.55% with 25,120 cases. Other categories include non-specific comorbidity, ischemic heart disease plus hypertension, and others, with varying percentages and cases. Medical costs are presented as median with interquartile range. The number of potential categories increased from six in 2013 to nine in 2023.]



Results of GRA

In 2013, diagnostic tests fees have the highest association with each hospitalization cost for different chronic comorbidity patterns (0.934), followed by comprehensive medical services (0.926) and drugs (0.848), while consumables have the lowest association (0.653). However, by 2023, fees for comprehensive medical services have the highest association with total hospitalization costs (0.927), fees for diagnostic tests drop to the second highest association (0.844), followed by other fees (0.82), and the smallest association with treatment costs (0.733) (Tables 3, 4).



TABLE 3 Results of GRA correlation analysis of medical costs for multimorbidity pattern among middle-aged and older people in 2013.
[image: Table showing the relatedness (R) between medical costs and sub-costs in various multimorbidity patterns. Patterns include malignancy tumor and hypertension combinations, with R values indicating correlation strength. CMS and DEF have the highest R values of 0.926 and 0.934, ranked second and first, respectively. Definitions for acronyms like CMS, DEF, TC, DC, COC, and OC are provided, along with correlation value interpretations.]



TABLE 4 Results of GRA correlation analysis of medical costs for different chronic disease co-morbidity patterns among middle-aged and older people in 2013.
[image: Table listing multimorbidity patterns with columns for CMS, DEF, TC, DC, COC, and OC values. Patterns like lens disease + hypertension have the highest relatedness. Footnote explains the relatedness ranking and definitions for each acronym.]



Univariate analysis of factors

The chi-square test showed statistically significant differences in the associated factors of medical cost in demographic characteristics sociological characteristics: age, sex, type of health insurance, spouse (yes or no), length of stay in hospital (1–5, 6–10, ≥10), surgery (yes or no), and type of residence (rural or urban), and multimorbidity patterns, significant difference was found for all variables (Table 5).



TABLE 5 Distribution and differences of variables of middle-aged and older adults.
[image: A table comparing characteristics between 2013 and 2023 across four quartiles. It includes variables like age, sex, health insurance type, spouse status, length of stay, surgery status, residential type, multimorbidity pattern, and various diseases. Statistical significance is indicated by "P" values.]



Sensitivity analyses

The associations between multimorbitiy patterns and medical cost after excluding age ≥ 80, self-pay and commercial insurance separately between 2013 and 2023 were similar to their associations in fully-adjusted models (Supplementary Figures S3, S4). After adjusting for age, sex, health insurance type at admission, spouse, length of stay, surgery, and residential type, the 2013 quantile regression results showed that malignancy tumor, cerebral infarction and hypertension, ischemic heart disease and hypertension, kidney disease and hypertension, and non-specific comorbidity at the 25, 50, 75, and 90th percentiles of healthcare expenditures were mostly non-significant, while Lens disease + hypertension had a significant positive effect on hospitalization costs at the 75 and 90th percentiles. The 2023 quartile regression results indicated that all patterns of multimorbidity, except for Lens disease and hypertension, had a significant positive effect on medical costs in almost all quartiles (Supplementary Tables S3, S4).



Associations between chronic multimorbidity patterns and medical cost

Figure 3 presents the results of the ordered logistic regression analysis. The study found that multimorbidity was significantly associated with increased direct healthcare expenditures in middle-aged and older adults with single diseases. In 2013, men, aged 50–59, lens disorders + hypertension had 1.42 (95% CI, 1.35, 1.49), 1.13 (95% CI, 1.01, 1.27), and 1.23 (95% CI, 1.03, 1.47) greater chances of increased medical costs, respectively. The study found that individuals who were between 70 and 79 years old (OR: 0.89, 95% CI: 0.79–1.00), did not undergo surgery (OR: 0.17, 95% CI: 0.15–0.18), resided in rural areas (OR: 0.88, 95% CI: 0.82–0.84), had a hospitalization period of 1–5 days (OR: 0.04, 95% CI: 0.04–0.04), 6–9 days (OR: 0.13, 95% CI: 0.13–0.14), or had malignant tumors (OR: 0.90, 95% CI: 0.84–0.94) were more likely to have lower hospitalization costs. Regression models from 2023 show that men (OR: 1.12, 95% CI: 1.09–1.16), ages 45–49 (OR: 1.43, 95% CI: 1.32–1.55), 50–59 (OR: 1.31, 95% CI: 1.23–1.40), 60–69 (OR: 1.22, 95% CI: 1.15–1.30), and 70–79 (OR: 1.17, 95% CI: 1.10–1.24), those without a spouse (OR: 1.09, 95% CI: 1.03–1.16), malignant tumors (OR: 2.74, 95% CI: 2.69–3.21), cerebral infarction + hypertension (OR: 3.63, 95% CI: 3.35–3.92), and ischemic heart disease + hypertension (OR: 4.66, 95% CI: 4.00–5.43) are all associated with increased risk. Patients with renal disorders and hypertensive disease had higher inpatient hospital costs (OR: 2.61, 95% CI: 2.39–2.88), as did those with non-specific disorders (OR: 1.86, 95% CI: 1.71–2.00), nutritional metabolism disorder + hypertension (OR: 1.31, 95% CI: 1.71–2.00), and gastrointestinal disorders (OR: 2.83, 95% CI: 2.57–3.09). Additionally, patients with Chronic lower respiratory tract disease + malignant tumors were found to have slightly higher inpatient hospital costs (OR: 1.09, 95% CI: 1.03–1.16). Patients who were total self-pay (OR: 0.45, 95% CI: 0.29, 0.70), did not undergo surgery (OR: 0.05, 95% CI: 0.05, 0.05), resided in rural areas (OR: 0.92, 95% CI: 0.89, 0.95), had hospitalization lasting 1–5 days (OR: 0.04, 95% CI: 0.04, 0.04), had hospitalization lasting 6–9 days (OR: 0.15, 95% CI: 0.15, 0.16), or had Lens disease + hypertension (OR: 0.35, 95% CI: 0.32, 0.39) were more likely to have lower hospitalization costs. The Hosmer–Lemeshow test showed a good fit for the regression model (p = 0.658, p = 1.171).

[image: Table with forest plots showing adjusted odds ratios (OR) and 95% confidence intervals (CI) for various characteristics across 2013 and 2023 surveys. The characteristics include demographics, health insurance types, surgery, residential type, length of stay, and multimorbidity patterns. The OR values are indicated with horizontal lines and points on a low to high-risk scale. Each characteristic's p-value is listed to the right, indicating statistical significance where applicable.]

FIGURE 3
 Associations between associations between chronic multimorbidity patterns and medical costin among Chinese middle-aged and older people. Results are from ordered multicategorical logistic regression, an odds ratio > 1 means that the variable is more likely to increase medical costs by one grade compared to the reference variable, and vice versa for an odds ratio < 1.





Discussion

Our study shows that the detection rate of chronic disease multimorbidity and a new trend among middle-aged and older Chinese people increased from 2013 to 2023, with the pattern of multimorbidity based on LCA increasing from 6 to 9. Ordered logistic regression showed that multimorbidity was associated with higher healthcare expenditure compared with patients with a single disease. More importantly, the odds of incurring higher medical costs were not consistent across multimorbidity patterns, so we explored the heterogeneity of different multimorbidity patterns in the structure of medical costs using GRA. To the best of our knowledge, this is the first study to assess the prevalence and common patterns of multimorbidity among middle-aged and older Chinese at the complete clinical diagnosis level, and to explore changes in multimorbidity patterns and their associations with health care costs over a 10-year period. Our findings emphasize the need for a deeper understanding of the changing trends, treatment and prevention strategies, and a clearer analysis of the economic impact of multimorbidity, which can help the government to further develop strategies for the prevention and treatment of chronic diseases and to reform health insurance and health care systems.

The study found that the detection rate of multimorbidity increased from 70.74 to 76.63% over a period of 10 years, which was higher than in previous studies (19, 22). Possible differences in prevalence could be attributed to the fact that previous studies were based on predefined types of chronic diseases, which may have underestimated the actual prevalence of chronic diseases. Additionally, the use of hospital data in this study may have contributed to an increase in chronic disease diagnoses. Of the two cross-sectional studies that identified specific patterns of chronic disease multimorbidity, the top three were all Malignancy tumor pattern, Cerebral infarction + hypertension pattern and Ischemic heart disease + hypertension pattern. The latter two were among the most commonly identified multimorbidity patterns in previous studies (10, 23). This is similar to the results of other studies. The prevalence of cardiovascular disease in China is continuously rising. It is projected that there are currently 330 million CVD patients in China, including 13 million strokes and 11.39 million cases of coronary heart disease (24). Hypertension is a significant risk factor for ischemic heart disease and cerebral infarction. Prolonged high pressure damages the endothelium of blood vessels, leading to atherosclerosis and narrowing of blood vessels. This increases the risk of forming blood clots, making it difficult for blood to flow smoothly to the brain and increasing the risk of cerebral infarction. Hypertension is an independent risk factor for the development of coronary heart disease. Research data suggest that for every 10–12 mmHg increase in systolic blood pressure or 5–6 mmHg increase in diastolic blood pressure, the likelihood of developing coronary heart disease increases by 20–28% (25).

Previous studies have seldom reported pattern of malignant tumor. According to the International Agency for Research on Cancer of the World Health Organization, there will be over 35 million new cancer cases by 2050, which represents a 77% increase over the estimated 20 million cases in 2022, and aging and growth of the population are associated with a rapidly increasing global cancer burden (26, 27). A review in China found that daily expenditures for all common cancers increased 3–7 times from 1996 to 2014 (28). We believe that attention should be paid to the economic burden arising from maintenance and palliative care for malignant tumors.

The 2023 survey added three new multimorbidity patterns of chronic lower respiratory tract disease + malignant tumors, nutritional metabolism disorder + hypertension, and gastrointestinal diseases. The chronic lower respiratory tract disease + malignant tumors has rarely been reported before, probably because of the high prevalence of smoking and air pollution in China in recent years, which has led to the prevalence of chronic lower respiratory diseases (29–34). The pathogenesis of chronic lower respiratory disease and lung cancer, the world’s most common cancer, are related and may influence each other to some extent (35, 36). Our study discovered that hypertension and type 2 diabetes had high response probabilities in multimorbidity patterns and were significant components of multimorbidity patterns, such as cerebral infarction + hypertension, ischemic heart disease + hypertension, lens disorders + hypertension, renal disorders + hypertension, and nutritional metabolism disorder + hypertension. Similar trends have been observed in studies from multiple countries (37, 38), which revealed that hypertension and diabetes are the most common multimorbidity. It is hypothesized that these conditions make individuals more susceptible to accumulating other chronic diseases. Therefore, it is necessary to enhance screening and diagnosis of high-risk groups with risk factors and intervene in the early stages of chronic disease development to slow down the progression and reduce the incidence of complications.

The study also showed that the impact of chronic diseases on medical costs varies depending on the multimorbidity patterns. Additionally, the risk of cost was found to be higher in patients with ischemic heart disease + hypertension, as well as cerebral infarction +hypertension. This finding suggests that individuals with more diseases within these two multimorbidity patterns face higher medical costs. There are several reasons for this phenomenon. With the improvement of economic levels and medical technology, interventional treatments such as stent implantation and bypass grafting have become the preferred treatment modality, significantly increasing healthcare expenditures compared to conservative treatments. GRA indicates that in 2013, the total hospitalization costs for both modalities were primarily associated with drug and diagnostic test costs. However, in 2023, these costs changed to comprehensive medical service costs, while the correlation of consumable costs increased, confirming this trend. It is possible that the reversal of the trend in medical costs for lens disorders + hypertension in the two survey results is related to China’s centralized drug purchasing policy. This policy involves national government departments collecting the demand for medical supplies from public medical institutions at all levels across the country and negotiating with drug and consumable manufacturers through a group purchasing program. Centralized purchasing of medicines is a process in which the national government collects the demand for medicines and supplies from public medical institutions at all levels across the country. The government then negotiates with the manufacturers of medicines and supplies in a “group purchasing” manner to lower the prices of medicines and supplies, thereby reducing the burden of patients’ medical expenses. The hospitalization cost of the lens disease and hypertension model is highly correlated with the cost of consumables. Expensive high-end intraocular lenses (IOLs) have been included in the collective purchasing catalog, and the significant reduction in the cost of consumables has led to a reduction in the cost of cataract surgeries. Similar to the results of other studies, all other chronic disease models in the study have an elevated risk of medical expenditure. All other patterns of multimorbidity had a significant positive impact on medical cost in 2023 compared to patients with a single disease, similar to the findings of other studies (39–42). Patients with multimorbidity tend to require more treatments, tests, and medications, leading to higher healthcare costs (43–45).

At the demographic and sociological level, male inpatients, and no spouse had a positive effect on total hospitalization costs, which may be due to different physiological structures, lifestyles, and life stresses. Both men and women experience life and work pressure, but men may be more likely to engage in unhealthy behaviors such as smoking, drinking, and staying up late. These factors can contribute to more serious health issues for male patients, resulting in higher healthcare costs compared to women (46). Compared to patients with spouses, nulliparous patients have lower social support (47), and are more likely to experience mental health problems (48, 49), which may increase their risk of illness and hospitalization costs. However, further research is needed to explore the specific mechanisms involved. Age ≥ 80, total self-pay, no surgery, rural residence, and low inpatient days had lower risk of medical cost. A hospital survey in China found that treatment choices for older patients were associated with quality of life, modestly prolonged life expectancy, dying at home and lower health care costs, older patients with chronic multimorbidity often have complex conditions and poor tolerance, they may prefer low-cost conservative treatments to minimize pain and financial burden caused by medical treatment (50). Patients who are fully self-funded are not covered by health insurance due to various factors, including household registration, fixed contributions, lack of health awareness, and limited access to information. Additionally, some patients may prefer conservative treatment to avoid incurring large medical expenses (51, 52). The duration of hospitalization and the necessity of surgery are the primary factors that affect hospitalization costs. Therefore, hospitals should focus on improving medical technology while implementing effective measures to enhance efficiency and avoid unnecessary medical procedures. This will help to reduce the length of hospital stays and control the growth of hospitalization costs (53). Compared to patients residing in suburban areas, those living in urban areas have greater access to healthcare resources and higher ability to pay. This results in greater access to high-quality healthcare services, including accurate diagnosis, thorough physical examinations, and timely treatment. This may explain the higher healthcare expenditures for urban patients (24, 54).

The findings from our study on the evolving multimorbidity patterns and associated healthcare costs among middle-aged and older populations in China carry significant implications for healthcare policy. As the prevalence of multimorbidity increases with an aging population, it becomes imperative to focus on managing and preventing chronic diseases. Policymakers should optimize the allocation of medical resources to better address the rising number of chronic disease patients. Enhancing primary healthcare facilities’ capabilities to manage multiple chronic conditions could reduce the burden on tertiary hospitals and provide patients with more accessible, continuous care (55). Our study also reveals a trend where overall healthcare costs have decreased, yet expenses linked to specific multimorbidity patterns remain high. This observation should prompt policymakers to meticulously analyze the cost-effectiveness of different disease combinations and devise targeted medical payment policies. For high-cost disease combinations, the government could implement targeted funding support and incentives to control medical costs and enhance patient care quality (56). Furthermore, in light of ongoing reforms in China’s healthcare system, these findings encourage a review of current health insurance policies to ensure they effectively cover the needs of high-risk groups, especially the older with multiple diseases (57). Ensuring that insurance policies adequately meet the needs of these vulnerable groups is crucial for enhancing the efficiency and equity of the healthcare system.

Our study has several limitations. Firstly, our findings are derived from data collected at a tertiary public hospital, which serves over half of Xiangyang’s residents. Therefore, extrapolation of our results should be approached with caution. Secondly, due to the limited duration of the study, only diseases with a detection rate of ≥1% were analyzed, leaving the associations of less prevalent diseases unexplored. Additionally, all participants were from the same healthcare system, which limits the interpretation of our results due to the absence of a control group. Future studies should consider incorporating control groups to more accurately assess the impact of healthcare system changes. Moreover, the impact of the COVID-19 pandemic, coinciding with the study period, was not specifically analyzed. Our focus remains on long-term trends in multimorbidity and medical costs, rather than the immediate effects of global health crises. Future studies could employ prospective cohort research and include control groups to better understand how COVID-19 affects these multimorbidity patterns and healthcare costs. Finally, due to data constraints, potential risk factors such as BMI, smoking, alcohol consumption, social status, and annual income were not analyzed. Despite these limitations, the methodologies employed in this study could be valuable for future research.



Conclusion

Multimorbidity patterns are common among middle-aged and older Chinese patients and have become increasingly complex in the last decade. Three new multimorbidity patterns have been identified: chronic lower respiratory tract disease + malignant tumors, nutritional metabolism disorder + hypertension, and gastrointestinal disease, as well as a less previously reported malignancy tumor pattern. Patients with multimorbidity were more likely to have higher medical costs. The highest risk was associated with cerebral infarction + hypertension and ischemic heart disease + hypertension. Identifying patterns of multimorbidity in chronic diseases and understanding their changing trends can aid in the development of new treatment guidelines and models of care to meet the healthcare needs of different subgroups. It is noteworthy that the average cost per hospitalization for multimorbidity patients has decreased over the past decade. Additionally, the correlation between diagnostic examination and drug costs and total healthcare expenditures has declined. Future research should examine the specific impacts of policy reforms on medical costs and service quality through comparative studies across various healthcare systems and regions. Such studies will enhance our understanding of effective medical resource management. Additionally, health reforms should prioritize the prevention, control, treatment, and management of multimorbidity through early intervention, health education, and robust health insurance policies, ultimately alleviating the economic burden on both individuals and society.
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Background: Depressive symptoms represent a significant public health challenge, impacting the mental well-being of older adults. Despite this, the understanding of how activities of daily living (ADL) abilities correlate with life satisfaction and depressive symptoms among older Chinese adults remains limited.
Aims: This study aims to investigate the relationship between ADL and depressive symptoms in older people Chinese individuals, with a specific focus on examining the mediating role of life satisfaction within this context.
Methods: The study utilized data from the China Health and Retirement Longitudinal Study (CHARLS) collected in 2020. A cohort of 8,343 individuals aged 60 years and above was included. The analysis was conducted using STATA 17.0 and SPSS 26.0, employing descriptive statistics, chi-square tests, Pearson correlations, and mediation analysis using the percentile Bootstrap method with 5,000 resamples to explore the interrelations among ADL, life satisfaction, and depressive symptoms.
Results: ADL is positively correlated with life satisfaction (r = 0.129, p < 0.01) and negatively correlated with depressive symptoms (r = −0.313, p < 0.01). Additionally, life satisfaction and depressive symptoms are negatively correlated with each other (r = −0.360, p < 0.01). In the model of the mediating effect, ADL directly, significantly and negatively predicts depressive symptoms in the Chinese older people (β = −0.193, t = −17.827, p < 0.001). After incorporating life satisfaction into the regression equation, the direct predictive effect of ADL on depressive symptoms remains significant (β = −0.177, t = −17.099, p < 0.001); furthermore, ADL has a significant positive predictive effect on life satisfaction (β = 0.007, t = 4.959, p < 0.001) and life satisfaction significantly negatively predicts depressive symptoms (β = −2.235, t = −27.799, p < 0.001). Furthermore, the direct effect of ADL on depressive symptoms (−0.177) and its mediating effect (−0.016) account for 91.71% and 8.29% of the total effect (−0.193), respectively.
Conclusion: ADL is inversely associated with the risk of depressive symptoms among older people Chinese individuals, with life satisfaction serving as a significant mediator in this relationship. Interventions aimed at improving life satisfaction in older people individuals with ADL impairments may effectively reduce or prevent the onset of depressive symptoms.
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1 Background

As global aging progresses, successful aging emerges as an effective strategy to address the challenges of population aging (1), drawing widespread attention. The concept of successful aging encompasses the absence of physical disabilities, the preservation of cognitive function, and mental well-being (2). Depression, a prevalent mental health issue, significantly impacts a vast number of older people individuals around the world. The prevalence of major depression, considered a leading cause of suicide among the older people, ranges from 5.37% to 56% (3). Depression in the older people frequently results in various adverse outcomes (4), such as deteriorations in physical health, diminished subjective well-being, and others (5). Therefore, understanding the mechanisms and pathways related to the onset of depression is crucial for achieving successful aging.

Activities of daily living abilities (ADL) refer to the ability to perform daily life tasks, which can be broadly divided into basic activities of daily living (BADL) and instrumental activities of daily living (IADL). ADL is crucial for maintaining independence and enhancing the quality of life in older adults. Previous research has demonstrated a significant positive correlation between ADL and depressive symptoms among the older people population (6, 7). For older people individuals residing alone, the impact of ADL on depression appears to be negligible, which has been reported by Lee and CHON (8) as well. Therefore, the impact of older people individuals’ ADL on depression has become convoluted.

Life satisfaction, a subjective measure of happiness, encapsulates an individual’s comprehensive evaluation of their life quality, predicated upon personal benchmarks. Based on the self-esteem theories (9), older people individuals with normal ADL abilities frequently display elevated levels of life satisfaction for the fulfilled self-esteem requirements (8). A study reveals that older people individuals without ADL disabilities reported approximately 20% higher levels of life satisfaction than those with ADL difficulty or ADL dependence (10). In addition, a large number of studies have shown that a negative relationship exists between life satisfaction and depression (11, 12) and a lower level of life satisfaction is a predictor of depression (5), whereas, another study has identified a positive association between the two variables (13). Consequently, the relationship between life satisfaction and depression among the older people has become unclear.

Overall, we hypothesize that while impairments in daily living abilities may directly lead to symptoms of depression, the extent of this impact may be moderated by the individual’s level of life satisfaction. The mediating role of life satisfaction in the relationship between daily living abilities and depression is an important yet underexplored aspect. The data from CHARLS 2020 (14), which includes a range of socioeconomic, health, and psychological variables among the older people population in China, provide an opportunity to empirically investigate this mediating effect. This study aims to contribute to a more comprehensive understanding of the factors affecting the psychological health and quality of life of the older people in China by exploring the mediating role of life satisfaction between daily living abilities and depression. These findings will offer reliable data support for the successful aging of the population.



2 Methods


2.1 Study sample

We used data from the 2020 CHARLS (China Health and Retirement Longitudinal Study), a nationally representative longitudinal survey of Chinese individuals aged ≥45 years and their spouses. This survey meticulously evaluates the social, economic, and health landscapes of community dwellers. Employing a sophisticated probability-proportional-to-size sampling methodology, the survey spanned 450 villages and 150 counties across 28 provinces (14). The study collected data through face-to-face interviews. Ethical approval was obtained from the Biomedical Ethics Review Committee of Peking University. The Peking University Public Data Management Agency agreed to our use of the data. We selected 8,343 respondents aged ≥ 60 years for the fixed-effects regression and mediation effect analysis (Figure 1).

[image: Flowchart displaying the selection process for CHARLS 2020 participants. Starting with 19,395 enrolled, exclusions reduced the sample due to unmatched database IDs (28), respondents under 60 years (8,729), incomplete depression information (2,273), and missing fall history (22), resulting in an eligible sample of 8,343.]

FIGURE 1
 Flowchart of participant selection.




2.2 Measures


2.2.1 Measurement of depressive symptoms

In CHARLS, the CES-D-10 scale was used to estimate the risk of depressive symptoms. The CES-D-10 scale is composed of 10 items that assess the feelings of participants within the preceding week, with eight negative items and two framed positively. Scores for the negative items range from 0, indicating “rarely or none of the time,” to 3, representing “most or all of the time.” Conversely, the scoring for the positive items is inverted. Overall, the scale’s scores range from 0 to 30, where a higher score signifies greater severity of depressive symptoms and an increased likelihood of depression. Previous studies on the CES-D-10 scale suggested that the cutoff point for depressive symptoms in older adults is 10 (15, 16). Therefore, a cutoff score of 10 was set to distinguish the participants with or without depressive symptoms (score ≥ 10: high-risk depression; score < 10: low-risk depression). The CES-D-10 has shown good effectiveness and reliability in Chinese (17). In this study, Cronbach’s α was 0.788, with good reliability, and the value of KMO was 0.878, indicating good validity.



2.2.2 Measurement of activities of daily living

The limitations of activities of daily living (ADL) were measured in terms of basic activities of daily living (BADL) and instrumental activities of daily living (IADL), which are based on the Katz Index of Independence in ADL (18) and the Lawton IADL Scale (19). This study incorporated six elements from BADL (toileting, eating, dressing, controlling urination and defecation, transferring in and out of bed, and bathing) alongside six components from IADL (making decisions regarding purchases and handling payments, telephone usage, meal preparation, conducting household chores, adhering to medication schedules with accurate dosages, and financial management). Scoring for each item was aligned with the criteria set by the Functional Independence Measure (FIM) scale (20, 21). Responses were categorized by calculating the average score in scenarios involving multiple levels of difficulty and scored as follows: “7 = do it without difficulty,” “6 = do it but with difficulty,” “4 = do it with difficulty and need help” and “1.5 = cannot do it” (22). In this study, the cumulative scores of the 12 items were then classified into two types of independence. The ADL total score was classified as Normal (i ≥ 72) indicating complete or conditional independence, and disability (i < 72) indicating conditional or complete dependence. The BADL total score, comprising the sum of the first six items, was classified as Normal (i ≥ 36). Similarly, the IADL total score, derived from the sum of the last six items, was classified as Normal (i ≥ 36). This scale displayed great internal consistency in the 2020 CHARLS sample, with Cronbach’s αat 0.853. Validity analysis showed that the KMO value was 0.913, with great validity.



2.2.3 Assessment of life satisfaction

In this study, life satisfaction was assessed using item DC026 from the D Health Status and Function section of the “CHARLS” survey questionnaire. The question asked was, “Overall, are you satisfied with your life? Are you extremely satisfied, very satisfied, somewhat satisfied, not very satisfied, or not at all satisfied?” For the research, the response options were assigned values as follows: “5 = Extremely satisfied,” “4 = Very satisfied,” “3 = Somewhat satisfied,” “2 = Not very satisfied,” “1 = Not at all satisfied.” Thus, the higher the score, the greater the respondent’s level of life satisfaction.



2.2.4 Control variables

The control variables in this study comprised gender, age (23), residence (24), marital status (25), self-rated health status (6, 26), history of falls (27, 28) (yes/no), and internet usage (29, 30) (yes/no). Gender was categorized into male and female groups. Age was segmented into three brackets: 60–69, 70–79, and 80 years and older. Residence classification included the main city zone, town, or others. Marital status was delineated as either cohabitating with a partner or living alone. Self-rated health status was assessed using the CHARLS data set scale, which ranks health on a scale from 5 (very good) to 1 (very poor).




2.3 Statistical analyses

The 2020 CHARLS data underwent a rigorous processing and filtering phase utilizing STATA 17.0, followed by a comprehensive analysis conducted with SPSS 26.0. This study employed descriptive statistical methodologies, including the calculation of means, standard deviations, frequencies, and percentages, to intricately delineate the socio-demographic attributes of the representative participants and the corresponding scores for each evaluated characteristic. To investigate the variations in ADL and depressive symptomatology across diverse socio-demographic groups, the chi-square test was meticulously applied. Furthermore, Pearson correlation coefficients were determined to elucidate the interrelations among ADL, life satisfaction, and depressive symptom scores. The mediating role of life satisfaction was examined through a percentile Bootstrap method incorporating bias correction, entailing 5,000 resamples, adhering to the ‘three-step method’ as advocated by Wen and Ye (31) (referenced in Figure 1). The statistical significance threshold for these tests was established at α = 0.05.




3 Results


3.1 Common method deviation test

To ensure statistical accuracy, this study employed Harman’s single-factor method and exploratory factor analysis. Eight components with eigenvalues over 1 were extracted, with the first factor explaining 20.40% of the variance, indicating no serious method bias (32).



3.2 Descriptive statistics and correlation analysis

As shown in Table 1, among the 8,343 older people Chinese participants, 41.04% reported depressive symptoms with an average score of 9.21. Most participants had normal ADL and BADL, at 93.58% and 96.45%, respectively, while 90.03% had normal IADL. The mean life satisfaction score was 3.30. The gender distribution was nearly balanced, with 4,186 males (50.17%) and 4,157 females (49.83%). The average age of participants was 67.96 years, ranging from 60 to 108 years, with a standard deviation of 6.02 years, and the majority were aged 60–69 years (66.06%). Additionally, 64.98% lived in towns or other areas, and 75.33% lived with a partner. Self-rated health varied, with 10.45% rating it as very good and 7.23% as very poor. A history of falls was reported by 18.37% of participants, and 24.69% used the internet.



TABLE 1 The descriptive statistics of the characteristics of the study population (N = 8,343).
[image: Table displaying various variables related to participants, including depressive symptoms, ADL, BADL, IADL, life satisfaction, gender, age, residence, marital status, self-rated health, history of falls, and internet usage. Each category includes data on the number and percentage of participants, alongside mean scores and standard deviation where applicable. For instance, depressive symptoms are present in 3,424 individuals, equating to 41.04%, with a mean score of 9.21. Other categories reveal similar breakdowns based on condition or demographic factor.]

Table 2 revealed significant socio-demographic differences in ADLs (ADL, BADL, and IADL) among the older people participants. Men exhibited higher rates of normal ADL (χ2 = 21.088), BADL (χ2 = 6.485), and IADL (χ2 = 50.048) than women. Younger participants (60–69 years) performed better in ADL (χ2 = 97.449), BADL (χ2 = 28.512), and IADL (χ2 = 136.700) compared to older age groups. Residence in main city zones was associated with better IADL outcomes (χ2 = 12.628). Married individuals had better IADL outcomes than those living alone (χ2 = 6.801). Self-rated health showed strong correlations, with the best health ratings corresponding to better ADL (χ2 = 718.880), BADL (χ2 = 391.905), and IADL (χ2 = 824.538) outcomes. Participants without a history of falls and those who used the internet also showed better outcomes, particularly in IADL (falls χ2 = 153.042, internet usage χ2 = 79.810).



TABLE 2 Social-demographic differences in ADL, BADL and IADL (N = 8,343).
[image: A table displaying statistical data on the relationship between various variables and disabilities in ADL, BADL, and IADL. Variables include gender, age, residence, marital status, self-rated health, history of falls, and internet usage. Each variable is compared across normal and disability categories, with corresponding chi-square values and significance levels indicated by asterisks.]

Table 3 indicated significant variations in depressive symptoms among participants based on gender (χ2 = 251.048, p < 0.001), age (χ2 = 8.273, p < 0.05), residence (χ2 = 153.089, p < 0.001), marital status (χ2 = 90.630, p < 0.001), self-rated health status (χ2 = 939.887, p < 0.001), history of falls (χ2 = 194.781, p < 0.001), and internet usage (χ2 = 159.162, p < 0.001).



TABLE 3 Social-demographic differences in Depressive symptoms (N = 8,343).
[image: Table displaying variables related to depressive symptoms, including gender, age, residence, marital status, self-rated health, history of falls, and internet usage. It contrasts percentages of individuals with and without depressive symptoms. Statistical values such as Chi-square (χ²) and P-values are provided to indicate significance, with all listed P-values being zero, suggesting significant differences across categories.]



3.3 Scores of ADLs, life satisfaction, and depressive symptoms and the correlations

As shown in Table 4, the participants exhibited moderate levels of depressive symptoms (mean 9.21, SD 6.56). The mean scores for ADL and life satisfaction were 81.42 (SD 6.22) and 2.70 (SD 0.78), respectively.



TABLE 4 Descriptive statistics and correlation analysis of ADL, Life satisfaction and Depressive symptoms.
[image: Table displaying the correlation matrix for three measures: ADL, life satisfaction, and depressive symptoms. The mean and standard deviation (SD) for each measure are provided alongside their score ranges. Correlations between the measures show statistical significance where noted by asterisks (p < 0.01).]

The results of the Pearson correlation test are presented in Table 4. ADL is positively correlated with life satisfaction (r = 0.129, p < 0.01) and negatively correlated with depressive symptoms (r = −0.313, p < 0.01). Additionally, life satisfaction and depressive symptoms are negatively correlated with each other (r = −0.360, p < 0.01).

Furthermore, Supplementary Tables 1, 2 demonstrated that both BADL and IADL had significant positive correlations with life satisfaction (r = 0.140 and r = 0.106, respectively, p < 0.01) and significant negative correlations with depressive symptoms (r = −0.284 and r = −0.288, respectively, p < 0.01).



3.4 Multicollinearity analysis among the independent variables

This study collected data through self-reported measures from participants, which may pose a risk of common method bias. Therefore using ADL and life satisfaction as independent variables, multiple linear regression analysis was conducted with the depressive symptoms of Chinese older people as the dependent variable. We assessed the variance inflation factor (VIF) to check for potential multicollinearity. The obtained VIF value of 1.017 is significantly lower than the threshold of 5 typically used to indicate substantial multicollinearity concerns. Similarly, the calculated tolerance level of 0.983 is considerably higher than the conventional minimum standard of 0.10. These results suggest that there are no multicollinearity issues in our model.



3.5 The results of regression and mediation analyses

Following the recommendations for testing the mediating effects by Wen and Ye (31), a regression analysis was conducted for the mediation model. The mediating effects were examined using a stepwise regression approach. The analysis results are presented in Table 3. In the regression and mediation analyses, the variables of gender, age, self-rated health, history of falls, and internet usage were all analyzed as covariates.

As shown in Table 5, ADL directly significantly and negatively predicts depressive symptoms in the Chinese older people (β = −0.194, t = −17.874, p < 0.001). After incorporating life satisfaction into the regression equation, the direct predictive effect of ADL on depressive symptoms remains significant (β = −0.178, t = −17.142, p < 0.001); furthermore, ADL has a significant positive predictive effect on life satisfaction (β = 0.007, t = 4.979, p < 0.001) and life satisfaction significantly negatively predicts depressive symptoms (β = −2.244, t = −27.821, p < 0.001).



TABLE 5 The regression analysis results of life satisfaction and depressive symptoms in the older people.
[image: A table showing results from three statistical models. Each model includes variables: constant, gender, age, self-rated health, history of falls, internet usage, ADL, and life satisfaction, with β and t values provided. Model 1 predicts depressive symptoms, Model 2 predicts life satisfaction, and Model 3 jointly predicts depressive symptoms. Significant t-values are marked with asterisks. Models display R-squared and F values. Model 1: R² = 0.236, F = 428.297***. Model 2: R² = 0.079, F = 119.622***. Model 3: R² = 0.301, F = 511.726***. Significance is indicated by: *p<0.05; ***p<0.001.]

Similarly, the analysis was extended to BADL and IADL in Supplementary Tables 3, 4, respectively, showing consistent results: BADL significantly predicted depressive symptoms (β = −0.448, t = −16.179, p < 0.001), BADL significantly predicted life satisfaction (β = 0.023, t = 6.364, p < 0.001), BADL (β = −0.397, t = −14.942, p < 0.001) and life satisfaction (β = −2.235, t = −27.571, p < 0.001) significantly predicted depressive symptoms. IADL significantly predicted depressive symptoms (β = −0.246, t = −16.300, p < 0.001), IADL significantly predicted life satisfaction (β = 0.007, t = 3.486, p < 0.001), IADL (β = −0.230, t = −15.974, p < 0.001) and life satisfaction (β = −2.263, t = −28.383, p < 0.001) significantly predicted depressive symptoms.

The deviation-corrected percentile bootstrap method (repeated sampling 5,000 times) was used to test the mediating effects of life satisfaction between ADLs (ADL, BADL, and IADL), and depressive symptoms. The results in Table 6 showed that the direct influence of ADL on depressive symptoms, coupled with its indirect influence mediated through life satisfaction, was assessed using bootstrap 95% confidence intervals, which were [−0.199, −0.158] for the direct effect and [−0.024, −0.008] for the indirect effect, respectively. Significantly, both intervals notably exclude 0, thereby confirming that ADL impacts depressive symptoms not merely in a direct manner but also indirectly through life satisfaction mediation. In detail, the direct influence of ADL on depressive symptoms (−0.178) and its mediated effect through life satisfaction (−0.016) contribute to 91.75% and 8.25% of the overall effect (−0.194), respectively. Figure 2 graphically delineates the mediating role of life satisfaction between ADL and depressive symptoms.



TABLE 6 Mediating effect of life satisfaction on ADL and depressive symptoms.
[image: Table showing effects of a study with columns: Effect, SE, t, P, 95% Confidence Interval (CI) including LLCI and ULCI. Total effect: -0.194 (SE 0.011, t -17.894, p 0.000, CI -0.215 to -0.173). Direct effect: -0.178 (SE 0.010, t -17.142, p 0.000, CI -0.199 to -0.158). Indirect effect: -0.016 (SE 0.004, CI -0.024 to -0.008). Notes include terms like Bootstrap standard error, BootLLCI, BootULCI.]

[image: Three diagrams illustrate relationships between variables in paths A and B. Diagram A shows "ADL" affecting "Depressive symptoms" directly and indirectly via "Life satisfaction," with coefficients c=-0.194***, a=0.007***, b=-2.244***, and c’=-0.178***. Diagram B shows "BADL" impacting "Depressive symptoms" directly and indirectly through "Life satisfaction," with coefficients c'=-0.448***, a'=0.023**, b'=-2.235***, and c''=-0.397***. The final diagram depicts "IADL" influencing "Depressive symptoms," also via "Life satisfaction," with coefficients c*=-0.246***, a*=0.007***, b*=-2.263***, and c*z=-0.230***.]

FIGURE 2
 Total effect model and mediation model. aRepresents the effect value of ADL on Life satisfaction, brepresents the effect value of Life satisfaction on Depressive symptoms, crepresents the total effect value of ADL on Depressive symptoms, and c’represents the direct effect value of ADL on depressive symptoms. ***p < 0.001. (A) a#Represents the effect value of BADL on Life satisfaction, b#represents the effect value on Life satisfaction on Depressive symptoms, c#represents the total effect value of BADL on Depressive symptoms, and c#’represents the direct effect value of BADL on Depressive symptoms. ***p < 0.001. (B) a&Represents the effect value of IADL on Life satisfaction, b&represents the effect value of Life satisfaction on Depressive symptoms, c&represents the total effect value of IADL on Depressive symptoms, and c&’represents the direct effect value of IADL on depressive symptoms. ***p < 0.001.


In Supplementary Tables 5, 6, the study found that both BADL and IADL significantly impact depressive symptoms. For BADL, the total effect (β = −0.448, p < 0.001) and the direct effect (β = −0.397, p < 0.001) were significant, with life satisfaction mediating this relationship (β = −0.051, p < 0.001). Similarly, for IADL, the total effect (β = −0.246, p < 0.001) and the direct effect (β = −0.230, p < 0.001) were significant, also with a significant mediation by life satisfaction (β = −0.016, p < 0.001). Figures 2A,B graphically illustrate the mediating role of life satisfaction between BADL, IADL, and depressive symptoms, respectively.




4 Discussion

Based on the above results, it was found that ADL was negatively associated with depressive symptoms, while positively associated with life satisfaction. Furthermore, life satisfaction showed a mediating effect between ADL and depressive symptoms.

In our study, 3,424 (41.04%) Chinese older people individuals exhibited depressive symptoms, a percentage higher than the 33.8% reported in CHARLS 2015 and lower than the 50.6% reported in CHARLS 2018 (6). To some extent, this indicated that the incidence of depressive symptoms has declined, but it remained significantly higher than the global average (3). In addition, ADL was significantly associated with depressive symptoms in Chinese older people individuals, which was consistent with previous research findings (6, 33). That may be attributed to the older people with superior daily living skills experiencing lower incidences of sleep disturbances, consequently leading to a reduced prevalence of depression (34, 35). In addition, a decline in daily living abilities is positively correlated with cognitive dysfunction in the older people (13). In contrast, older people individuals with cognitive dysfunction often had depressive symptoms (36). Therefore, individuals with impairments in daily living abilities are more susceptible to depression.

Life satisfaction is a crucial element for the model of successful aging (37, 38). Our results showed that ADL was positively associated with life satisfaction, which could be the result of high levels of social participation with normal IADL in the older people (39). Moreover, older people individuals with independence in daily living activities had a positive perception of their quality of life, which was related to psychological well-being (40). Furthermore, older people individuals with normal IADL experience lower caregiver burden, including reduced economic pressure and a more positive family atmosphere, thereby resulting in higher life satisfaction (41–43). In ADL-dependent/.

independent populations, satisfaction with family life, and economic status are significant components of high life satisfaction (10). In addition, there were some studies also confirmed that caregiver burden was negatively correlated with the older people’s BADL scores (44, 45). Therefore, it was inevitable that ADL was positively associated with life satisfaction.

Our research findings indicated that life satisfaction was negatively correlated with depression, which is consistent with the results of previous studies (46–48). That was to say, having a positive outlook on life and aging was crucial for preventing depression in the older people (48). Furthermore, one study found that life satisfaction negatively predicted depression (49), while, another survey of 300 patients with cardiovascular diseases revealed that 34.2% of the impact of life satisfaction on depression could be explained by self-esteem (50), which could be the main reason why older people individuals with normal ADL experience fewer instances of depression, primarily for their safeguarded self-esteem. However, there was a study discovered that life satisfaction was positively correlated with depression (13), which was contrary to the findings of this study. This might be due to differences in the occurrence of depression among older people individuals of different genders (23, 51). The study participants presenting divergent outcomes were exclusively older people males, in contrast to our investigation, which included a comprehensive cohort of older people individuals, with a nearly equal distribution between males and females. Consequently, the findings from our study offer a more representative understanding of the older people population as a whole, enhancing its generalizability to broader demographics.

Our findings showed that life satisfaction was a mediating factor between ADL and depressive symptoms among the older people cohort. Individuals with higher ADL were more likely to feel competent and in control of their lives, which could engender a sense of self-governance and independence (23) and then substantially augment their life satisfaction levels. Conversely, higher life satisfaction derived from better ADL ability could mitigate feelings of worthlessness or despair, reducing the risk or severity of depression (25). When older people individuals maintain or improve their ability to independently perform daily tasks, this positive self-assessment could boost their overall life satisfaction. Consequently, enhancing life satisfaction acted as a protective barrier against depression, cultivating a positive life perspective, resilience, and a renewed sense of purpose, which, in turn, diminished mental health vulnerabilities. older people individuals with greater independence were likely to engage more in social activities and sustain stronger social networks (52). Social support was acknowledged for its role in bolstering life satisfaction and safeguarding against depression through emotional support, diminution of isolation, and bolstered feelings of belonging (53, 54).

Hence, our study findings revealed that life satisfaction played a significant mediating role between ADL and depression. With aging, a decline in ADL is inevitable, while when older people individuals experienced ADL disabilities, interventions aimed at enhancing life satisfaction could reduce or prevent the onset of depression, thereby avoiding the adverse outcomes of depression.



5 Practical effect

This investigation carries profound practical ramifications for ameliorating the mental health of the Chinese older people. It elucidates the intermediary role of life satisfaction in bridging ADL and depression, shedding light on the potential of enhancing both the functional capabilities and overall life satisfaction of the older people to mitigate depressive symptoms. Additionally, this study accentuates life satisfaction’s mediating role, advocating that interventions designed to elevate life satisfaction may effectively shield against depressive manifestations stemming from ADL deficiencies. Practical applications of these findings could include the development of targeted programs that address both physical and psychological aspects of aging, such as physical therapy, social engagement activities, and psychological counseling, specifically designed to improve ADL capabilities and life satisfaction. This holistic approach could significantly decrease the prevalence of depressive symptoms in the older people, leading to better mental health outcomes and improved overall well-being in the aging population.



6 Strengths and limitations

This research utilized data from the China Health and Retirement Longitudinal Study (CHARLS), drawing on a sample that comprehensively represents the country’s demographic landscape.

The possible limitations of this study are: Firstly, due to the cross-sectional nature of the data used, causality cannot be established. While we found that life satisfaction mediates the relationship between ADL and depressive symptoms, the causal direction among these variables remains unclear. However, the China Health and Retirement Longitudinal Study (CHARLS) includes multiple waves of data, providing an opportunity for future research to conduct longitudinal analyses to better understand the temporal relationships among ADL, life satisfaction, and depressive symptoms. Secondly, although CHARLS data covers older people populations across China, the sample may not fully represent the diversity of all Chinese older people, particularly those residing in remote areas or specific sub-groups. Hence, the generalizability of the findings may be limited. Thirdly, the study considers a limited set of variables, the CHARLS dataset includes a rich array of variables related to health, economic status, and social factors. Future studies could leverage this comprehensive dataset to explore additional variables, such as social support and specific health conditions, to better understand the factors affecting ADL, life satisfaction, and depressive symptoms.



7 Conclusion

This study has illuminated a significant negative association between ADL and the prevalence of depressive symptoms among the older people in China, with life satisfaction playing a critical mediator. These findings advocate for the implementation of targeted interventions designed to improve life satisfaction as a strategic approach to prevent or reduce the onset of depression among older people individuals facing ADL impairments. Such interventions could potentially transform the mental health landscape for the older people, emphasizing the pivotal role of both physical and psychological well-being in combating depression.
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Background: The process of population aging in China is currently undergoing rapid acceleration. Simultaneously, the swift advancement of digitalization is fundamentally transforming individuals’ lifestyles. The usage of the internet and mobile internet tools by the older adults population is relatively inadequate. The issue of digital exclusion and its impact on the life quality of the older adult population has received significant attention.
Objective: This study utilized microdata from the China Health and Retirement Longitudinal Study (CHARLS 2020) to empirically investigate the impact of internet usage on the mental health of older adult individuals. The depression index was utilized to assess the mental health, while four variables were employed to evaluate internet usage among the older adults in this study.
Methods: The Center for Epidemiological Studies Depression Scale (CES-D) in CHARLS data was used to measure the depression index of older adults. Four variables including usage of internet, usage of WeChat, usage of WeChat moments and usage of mobile payment were used to represent the internet use of older adults, and there was progressive relationship between these four variables. In the empirical study, multiple regression analysis was adopted to empirically analysis the impact of internet usage on the mental health of older adults. In order to reduce the influence of endogenous problems on regression results, the propensity score matching method was used to verify the validity and robustness of regression results.
Results: (1) Internet usage can significantly reduce the psychological depression of older adults and promote the formation of positive psychology; (2) With the increase of the depth of internet usage, especially the use of mobile internet and mobile payment, the internet use will have greater improvement effect on the depression; (3) The heterogeneity test found that there were certain differences in the impact of internet usage on different older adult groups; (4) Through a step-by-step analysis of 10 sub-indicators of depression index, the study found that Internet use mainly affected four indicators: “life hope,” “happiness,” “loneliness” and “life confidence,” while demonstrating no significant effect on other sub-indicators.
Conclusion: According to the research, internet usage can significantly reduce the psychological depression index of the older adults and promote the formation of positive psychology. In China, digital exclusion is more prevalent in rural areas and among the less educated older adults. Public policies can be formulated to enhance internet adoption among these older adults population.
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1 Introduction

China is experiencing rapid aging process. The number of people over 65 reached 217 million by the end of 2023, accounting for 15.4 percent of the total population (1). The aging process in China is anticipated to accelerate as the cohort born during the baby boom in the 1960s and 1970s gradually enters old age. Research shows that by 2050, the number of older adults over the age of 65 in China will reach 480 million, accounting for more than 34% of the total population (2). The World Health Organization advocates for active aging through the implementation of public policies, in response to the escalating global phenomenon of population aging (3). According to the advocacy of active aging, positive mental state is an important dimension. Insufficient social capital and limited social communication among older adults can significantly contribute to negative psychological conditions (4, 5), thereby presenting challenges in achieving goals related to active and healthy aging. Concurrently, China is currently undergoing a rapid process of digital transformation, which is fundamentally reshaping the paradigms of communication, employment, and financial transactions. The usage of internet can not only change the convenience of people’s lives, but also broaden social communication, which may have positive impact on the life quality (6, 7). Compared to developed countries, the educational attainment of the older adult population in China tends to be relatively low (8), the use of new technologies and intelligent device may be insufficient. According to the 53rd China Internet Development Statistics Report in 2023, the number of non-internet users in China is 317 million. Among them, people over 60 years old account for 39.8% (9). A substantial proportion of the older adult population faces the risk of digital exclusion, which may significantly impact their life quality.

Theoretically, the use of internet and mobile internet tools can facilitate the life of the older adults, such as online shopping, taxi hailing, etc. Simultaneously, mobile internet can effectively facilitate interpersonal communication, as well as providing them with more efficient access to external information. This may effectively alleviate feelings of loneliness among the older adult population and have positive impact on their psychological state. In the era of digitalization, internet usage includes the use of the internet to retrieve information, interpersonal communication, payment activities etc. In order to empirically analyze the impact of internet usage on the mental health of older adults in China, this study uses the data of the China Health and Retirement Longitudinal Study (CHARLS 2020). Based on statistical data and a comprehensive analysis of internet usage among the older adults, this study employs multiple linear regression and propensity score matching (PSM) methods to empirically examine the influence of internet usage across different latitudes on the mental health of older adults.



2 Materials and methods


2.1 Literature review

With the development of digital technology, using the internet and mobile phone is not just about getting more external information. Digital inclusion or exclusion will have significant impact on people’s lives (10). According to the socialization theory (11), individuals are encouraged to continuously acquire new skills in order to enhance their social integration and adaptation, thereby positively influencing their quality of life. Adapting to social changes and acquiring new skills can have important positive effects on the mental health of older people (12). Existing studies about the impact of internet usage on the health of the older adults are mainly conducted from the perspective of social capital and re-socialization theory. The research from the perspective of social capital suggests that internet usage can effectively enhance the extent and diversity of social communication among older adults, thereby exerting a positive impact on their individual lives. The theory of re-socialization posits that in an era characterized by perpetual change, the older adults adaptation to technological advancements and lifestyle transformations will yield a positive impact on their overall quality of life. According to the research based on the social capital theory, the use of internet can effectively expand the range of social interaction of older adults, reduce the loneliness and other negative emotions, and improve psychological state (13, 14). Some studies suggest that internet use may also lead to lower community participation and community activities among the older adults. This will have negative impact on subjective well-being (15, 16). The ultimate impact of internet usage on the life quality depends on whether it has positive effects on social capital.

Existing studies generally use certain latitude to indicate the mental health status of the older adults. Some studies believe that life satisfaction is highly correlated with mental health and subjective well-being (17, 18). Using the RCT method, the study found that providing internet training to older adults effectively increased their self-rated life satisfaction (19). If the usage of internet is differentiated, only the usage of internet for entertainment and leisure can effectively improve life satisfaction of older adults (20, 21). Some studies based on psychological status have found that the usage of internet can effectively reduce loneliness of older adults (22, 23). Other studies have found that older adults who use the internet generally have lower level of depression and higher level of subjective well-being (24–26). The probability of digital exclusion differs across various older adults demographics. The older people with higher levels of education are more inclined to use internet, and are also more likely to experience positive psychological impacts from the usage (27). In addition, the usage of internet by the older adults is significantly influenced by factors such as social status, economic level, and living arrangements (28, 29). In addition, some studies found that the internet can facilitate older adult individuals’ acquisition of relevant knowledge for promoting health management and physical well-being (30–32). A cross-country comparative study revealed a more pronounced issue of digital exclusion among the older adults in China. The phenomenon of digital exclusion can have detrimental effects on cognitive level of older adults, including focus, memory, and executive function (33).

In China, mobile payment is more convenient and popular. WeChat has become an important and timely communication tool for interpersonal communication. Based on existing researches, this study will consider internet use from a more detailed perspective, including the utilization of the internet, mobile communication software, and mobile payment, in order to comprehensively reflect the potential impact of internet usage on the mental health of older adult individuals. The study will also explore the internal heterogeneity within the older adult population and investigate the potential impact of internet usage on different subgroups of older individuals.



2.2 Data sources

The dataset utilized in this research is the China Health and Retirement Longitudinal Survey (CHARLS 2020). The data was designed to track individuals aged 45 years and above. In this dataset, the information about the family, work, life, and community characteristics were collected. The data is currently the most representative micro-data for studying the health status and living conditions of older adults in China, and the demographic characteristics of the baseline CHARLS sample are very similar to those found in the results of the 2010 census (34). The 2020 dataset comprised a total of 19,395 samples, with 10,654 samples specifically collected from the older adult population aged over 60. A series of important indicators such as internet use, physical condition, depression index among the older adults were collected, which can meet the research needs.



2.3 Variables


2.3.1 Dependent variables

The study used depression index to indicate mental health of older adults. Some studies have shown that mental health is highly correlated with life quality, depression index is also a comprehensive indicator of individual mental health status (35, 36). In the CHARLS data, the psychological depression state of individuals was assessed using a set of 10 questions based on the CES-D scale. This scale can largely reflect individual psychological depression level, and has been widely used in related researches (37, 38). The answers to each question included “rarely or not,” “not much,” “sometimes or half of the time” and “most of the time.” The negative questions were assigned scores of 0, 1, 2, and 3 for the four response options in this study. Conversely, the forward questions were scored with values of 3, 2, 1, and 0 corresponding to the four response directions. The overall score of the depression index ranges from 0 to 30, with higher scores indicating more severer of depression.



2.3.2 Independent variables

Internet usage is the core independent variable of the study. With the rapid advancement of digitalization, the role and function of the internet have undergone significant transformations. Relevant studies primarily investigate the internet usage among the older adult population, employing a singular variable to assess the usage of internet (39). With the development of mobile internet technology, the communication, information sharing and online payment of mobile internet are having wider impact on people’s lives. In China, platforms such as WeChat and the associated features like WeChat Moments, mobile payment systems have brought about substantial changes in people’s daily lives. Multiple indicators are used in this study to represent older adults’ utilization of the internet. The internet-use variable is derived from the question in the questionnaire: “Have you utilized the internet within the previous month?” The response of 1 indicates affirmative usage, while a response of 0 signifies no usage. WeChat is becoming a widely used communication APP in China. According to data from Tencent’s annual report, WeChat accounts in China have exceed 1.3 billion in 2023. The variable “chat” is derived from the question in the questionnaire, which asks: “Do you use WeChat?” The answer is assigned 1 for usage and 0 for non-usage. The variable “pay” is derived from the question in the questionnaire: “Will you pay with mobile phone?” The value of 1 is assigned to a positive answer, while the value of 0 is assigned to a negative answer. In China, WeChat Moments have an important function for private sharing and can be used as a proxy variable for internet usage proficiency. The variable “chat_m” is generated based on the question in the questionnaire: “Do you post on webchat moments?” with a value of 1 for “yes” and 0 for “no”.



2.3.3 Control variables

Control variables are determined based on relevant studies in the academic literature. The control variables will influence individuals’ internet usage, and also impact on the life quality and mental health. The control variables include: age, education, disability level, personal income, place of residence, spouse, work, number of children, and live with children or not. The study transformed education into a continuous variable according to the education level answered by the respondents, illiteracy is assigned value 0, no primary school graduation is assigned value 1, primary school is assigned value 6, junior high school is assigned value 9, senior high school is assigned value 12, technical secondary school is assigned value 13, junior college is assigned value 15, and bachelor degree or above is assigned value 16. According to the respondent’s reported place of residence, urban is assigned value 1 and rural is assigned value 0. The study utilized the information obtained from the questionnaire to classify individuals into two groups: those with a spouse (coded as 1) and those without a spouse (coded as 0), generating the variable “spouse.” The variable “personal income” is derived by aggregating the itemized income levels provided by the respondents.

This study evaluated the disability status of the older adults according to the subjective report of activity of daily living (ADL) and instrumental activity of daily living (IADL). The ADL index includes six items: eating, dressing, going to the toilet, getting in and out of bed, taking a bath and moving around indoors. The IADL index includes household activities: cooking, shopping, remembering phone numbers, remembering time to take medicine, managing finances. The ADL index contains the basic requirements for independent living, and failure to meet one may directly lead to loss of self-care (40, 41). IADL index is mainly related to personal life quality (42). Answers to any of the six questions related to the ADL index as “difficulty, need help” or “inability to complete” defined the older adults as severely disabled. If all six questions in the ADL index can be completed, but one of the six questions in the IADL index is answered as “difficulty, need help” or “cannot be completed,” it is defined as moderate disability. Since the answers to the 12 questions in designing ADL and IADL are: “No difficulty,” “difficulty but can still be completed,” “difficulty, need help,” and “cannot be completed,” the four questions are assigned values 1, 2, 3, and 4, respectively. ADL and IADL will be formed by summing up, with a value of 6–24, with higher scores indicating more severe disability.



2.3.4 Variable descriptions and descriptive statistics

The study focused on individuals aged 60 to 85. The minimum age for the older adult population is set at 60, while previous studies have established an upper age limit of either 80 or 85 years. Within the CHARLS data, a higher proportion of family members responded on behalf of individuals aged over 85, and the vacancy of depression scale was more obvious. However, extending the upper age limit for this study may introduce additional challenges in sample selection. Furthermore, age was utilized as a control variable to further mitigate the impact of age differences on regression results. Table 1 presents the descriptive statistical results of the variables. The results of the descriptive statistics indicate that the internet usage rate among older adults is 21.8%. In the era of mobile internet, 18.5% of older adult individuals can utilize WeChat as a communication tool. 10.5% of older adult individuals are proficient in sharing WeChat moments with their friends. Mobile payment adoption is relatively low among older adults, with only 9.8% being able to utilize mobile payment tools effectively. According to the descriptive statistics, it can be inferred that digital exclusion may be common in older adults, especially the proportion of older adult individuals proficient in using mobile internet tools is relatively low. The potential correlation could be attributed to the educational attainment of the older adult population. It is worth noting that China initiated 9-year compulsory education from 1986 (43). The individuals included in the sample were born prior to this period, resulting in a generally low level of education with an average duration of 4.2 years. Within the sample, approximately 9.3% of older adults exhibit severe disability, while around 15.2% have moderate disability levels, respectively. Overall, older adults demonstrate lower depression levels with an average score of 9.42 on the depression index.



TABLE 1 Reports the variable descriptions and descriptive statistics results.
[image: A table listing variables in a study. It includes categories: Dependent, Independent, and Control variables. Each row shows variable name, symbol, mean, standard deviation, minimum, maximum, and sample size. Categories include depression, internet use, age, education, gender, marital status, disabilities, living with children, income, pension, work status, and residence type. Data points vary, with sample sizes ranging from 9,329 to 10,393.]




2.4 Methods

The study used multiple linear regression to analyze the effects of different latitudes of internet use on mental health. Since there is a progressive relationship among the four variables explained, collinearity will occur when all four variables are included in the equation simultaneously. The study used four independent regression equations to analyze the effects of different degrees and latitudes of Internet use on the mental health of older adults. The Equations 1–4 are the regression equations, where Xi denote the control variables, and the research focuses on examining the significance of coefficients [image: Greek letter beta in subscript one format.]~[image: The image displays the Greek letter beta with a subscript numeral four, typically used to denote a specific factor or coefficient in mathematical or scientific contexts.]. The difference in regression coefficients [image: Greek letter beta with a subscript one, commonly used in mathematical and statistical contexts to denote a coefficient or parameter in a model.]~[image: Greek letter beta, subscript four.] can simultaneously indicate the extent of improvement in mental health status among older adult individuals as the level of internet usage increases.

[image: Equation for depression: depress equals alpha subscript one plus beta subscript one times inter plus summation of gamma subscript i times X subscript i plus epsilon.]

[image: Equation showing a linear model: depress equals alpha sub two plus beta sub two times chat plus the sum of gamma sub i times X sub i plus epsilon.]

[image: Mathematical equation for depression: depress equals alpha sub three plus beta sub three multiplied by chat sub m, plus the sum of gamma sub i multiplied by X sub i, plus epsilon.]

[image: Equation labeled (4) expressing "depress" as a linear function: \(\alpha_4 + \beta_1 \times \text{pay} + \sum \gamma_i \times X_i + \epsilon\).]

During the empirical study, participants were categorized based on their disability status, level of education, and place of residence. The heterogeneity of the impact of internet usage on different groups was analyzed. After considering the influence of endogeneity on regression results, propensity score matching (PSM) was employed to verify the robustness and validity of the conclusions. Finally, an empirical study will be conducted to regress the sub-indexes of depression separately in order to test the specific influencing mechanism.




3 Empirical study


3.1 Regression results

The four independent variables can represent the proficiency and depth of the usage of Internet. Among them, the internet usage is the most extensive, followed by the use of WeChat, followed by the use of WeChat moments, and finally the use of mobile payment. Given the progressive relationship among the four indicators, it is imperative to conduct separate regression analyses in order to present the findings effectively. Firstly, the study adopts multiple linear regression to measure the influence of different degrees of internet usage on the depression index of older adults. The regression results are shown in Table 2. Regression results show that internet usage can significantly reduce the degree of depression in the older adults. The regression results of the four dependent variables indicate that with increasing depth of internet usage, that the internet has a more significant impact on reducing depression levels among the older adults. The exposure and usage of the internet can reduce the depression index of older adults by 0.521 (p < 0.01). If the older adults used WeChat, internet usage could reduce the depression index of older adults by 0.565 (p < 0.01). The utilization of WeChat moments sharing function among the older adults is associated with a significant reduction in their depression index by 0.837 (p < 0.01). If the older adults were able to use mobile payment, the overall depression index decreased to 1.158 (p < 0.01). Since the average depression index score of the older adults is only 9.42, it can be argued that internet usage plays a pivotal role in ameliorating the depressive symptoms among the older adults. There may be selective bias in the effects of internet usage on the mental health of older adults. Among the control variables, income can significantly reduce the degree of depression, but it is not shown in the table because the coefficient is too small. Physical health is an important control variable, and studies controlling for ADL and IADL indexes show that disability does significantly increase depression level in the older adults.



TABLE 2 The impact of internet utilization on the depression index.
[image: Table displaying regression analysis results for depression across four models with coefficients and robust standard errors in parentheses. Variables: Inter, Chat, chat_m, Pay, Age, Edu, Gender, Spou, ADL, IADL, Live, Child, Work, Res. Adjusted R-squared values are 0.156 for models one to three and 0.157 for model four. Sample size is 9,321 for each model. Significance levels: triple asterisks for p<0.01, double for p<0.05, single for p<0.1.]



3.2 Heterogeneity test

There may be significant inter-group heterogeneity in this research. To test for inter-group heterogeneity and obtain more robust regression results, the study analysis the heterogeneity from three dimensions: disability, education and residence. Table 3 shows the results of the heterogeneity analysis based on disability. Disability is more likely to result in more severe mental health issues (44, 45). The study included moderately and severely disabled older adults as one group, and others as another group. The results showed that internet usage and WeChat did not have significant positive impact on the depression index of disabled older adults. However, as the older adults learn to use mobile payment tools, it can significantly improve reduce their depression index by 1.540 (p < 0.05). The access to information and interpersonal communication may not be the primary concerns for older adult individuals with disabilities. Consequently, the mere exposure and utilization of internet do not necessarily yield a positive impact on their psychological well-being. However, when internet usage significantly enhances their life quality, it can have a favorable effect on their mental health. The convenience provided by online payments enables disabled older adult individuals to easily acquire services and goods, thereby positively influencing their mental well-being. Regression results of non-disabled older adults showed that all dimensions of internet usage could significantly reduce the depression level. Compared to the disabled older adults, the impact of mobile payment on the psychological depression index of non-disabled individuals is relatively lower, potentially due to their ability to utilize offline payment methods.



TABLE 3 Heterogeneous analysis of disability.
[image: A table showing regression results for the variable "Depress" among non-disabled and disabled older adults. Columns 1 to 4 pertain to non-disabled adults, while 5 to 8 relate to disabled adults. Variables include "Inter," "Chat," "chat_m," and "Pay," with coefficients and standard errors in parentheses. Control variables are included in each model. Sample sizes (N) and Adjusted R² values are provided for each column. Significance levels are indicated by asterisks: ***p<0.01, **p<0.05, *p<0.1.]

In CHARLS 2020 data, 25.4% of the older adults aged 60–85 have received junior high school education or above, and only 10.2% have received senior high school education or above. The insufficient education presents a substantial obstacle to the utilization of the internet among older individuals (46). The study further examined the heterogeneity of education groups, which were categorized into two subgroups based on their attainment of junior high school education. The main results are reported in Table 4. The results revealed that neither the use of the internet nor WeChat alone reduced depression index among individuals with primary education or below. However, as the older adults skillfully use the WeChat Moments function, the internet usage will significantly reduce the degree of depression in the older adults. The utilization of mobile payment has a more favorable impact on older adult individuals with lower educational attainment, resulting in an average reduction of their depression index by 1.281 (p < 0.01). In the group with secondary education and above, internet usage at different latitudes can significantly reduce the degree of depression. Compared with lower education group, mobile payment has less impact on the psychological depression index. The reason for the difference in the results may be due to the fact that the older adults with lower education may have reading difficulties in using the internet. However, the use of WeChat sharing function can expand their social interaction, and mobile payment can significantly improve the convenience of life, which will have a positive impact on individual mental health. For the older adults with higher education level, they can experience the convenience of reading and information acquisition brought by the internet, and improve their mental health.



TABLE 4 Heterogeneous analysis of education.
[image: A table displays regression results for depression, divided into groups: "Primary school and below" and "Junior high school and above." It includes columns labeled (1) to (8), with variables like Inter, Chat, chat_m, and Pay, showing coefficients and standard errors. Control variables are applied, and rows display constants (Cons), sample size (N), and adjusted R². Significant levels are indicated by asterisks.]

There is a huge gap between urban and rural areas in China (47), and this gap is reflected in many dimensions such as income level, education and health status (48). According to CHARLS2020 data, only 13.7% of the older adults aged 60–85 in rural areas use the internet, while the proportion of urban older adults using the internet is about 43.9%. The comparison suggests that digital exclusion faced by older adult individuals in rural areas may be more apparent. The study examined inter-group heterogeneity using urban and rural subgroups of residence. The main regression results are presented in Table 5. Group test showed that mobile payment in rural areas could significantly reduce the depression index of older adults by 1.281 (p < 0.01). However, the impact of the internet usage on depression index among older adult individuals in rural areas, however, demonstrated a relatively low significance (p < 0.1). This may be attributed to the limited educational attainment among older adult individuals residing in rural areas. In urban areas, the different latitude of internet usage has positive effects on the psychological depression of older adults. However, compared with rural areas, the degree of influence of mobile payment on urban older adults is lower (1.012, p < 0.01).



TABLE 5 Heterogeneous analysis of resident.
[image: Table showing regression results for rural and urban depression data across eight models. Key variables include Inter, Chat, chat_m, and Pay, with control variables applied. Significance levels are indicated by asterisks, and robust standard errors are in parentheses. Sample sizes (N) and adjusted R-squared (R²) values are listed at the bottom of each model.]



3.3 Robust test

The heterogeneity analysis was conducted in various ways, and the results of the heterogeneity regression were generally consistent with theoretical expectations. However, biased estimates may still arise due to selective bias and other endogenous issues. To mitigate the impact of endogeneity problems on the regression analysis results, propensity score matching method was employed for further verification. The study first matched the main covariates designed in the regression analysis of the study, and calculated the average treatment effect of the treatment group (ATT) after satisfying the propensity score test. The treatment effect is calculated using three methods: near matching, nuclear matching, and Mahalanobis distance. There is no systematic difference in the results of multiple matching methods. The results obtained from 1:1 no-put-back proximity matches are presented in Table 6. The results of propensity score matching showed that after taking into account the sample balance, different dimensions of internet usage can significantly improve the degree of psychological depression in the older adults. The results show the validity and robustness of the above analysis.



TABLE 6 Propensity score matched analysis results.
[image: Table comparing experimental and control groups across four categories: Inter, Chat, chat_m, and Pay. Scores are given for each, with the experimental group scoring between 6.338 and 7.646, and the control group scoring between 7.366 and 8.451. ATT values range from -0.805 to -1.028 with a standard error in parentheses. Total sample size is 9,321. Statistical significance marked with *** indicating p<0.01.]




4 Further discussion

The depression index variable utilized in this study comprised ten dimensions, each latitude involves a question with four choices, assigning values of 1, 2, 3, and 4 to each response. It is plausible to further scrutinize the impact of internet usage on the depression index across various dimensions. The mental health impact and underlying mechanisms of internet usage on older adults can be further explored through a more comprehensive latitude analysis. The study conducted stepwise regression analysis and identified that the internet primarily influenced four dimensions: “life hope,” “happiness,” “loneliness,” and “life confidence.” No significant impact was observed on the remaining six dimensions. Table 7 presents the regression results specifically focusing on the significant effects of internet usage. The regression outcomes related to internet usage and mobile payment variables are provided. In order to be consistent with the variables in the depression index above. The three variables “life hope,” “happiness,” and “life confidence” were assigned inverse values in the study, with lower scores indicating better presence of positive psychological emotions. The results show that different latitudes of internet usage can significantly improve older people’s happiness and hope for future life. Simultaneously, the utilization of the internet can alleviate the loneliness experienced by older adult individuals. In addition, internet usage improves the confidence of the older adults about their future life. In all regression analyses, as the depth of internet usage increases, specifically from basic internet usage to acquiring mobile payment skills, the magnitude of the impact of Internet use on older adult individuals mental health also intensifies.



TABLE 7 Multi-latitude regression analysis results.
[image: Table with statistical data organized into eight columns under four headings: Life hope, Happiness, Loneliness, and Confidence. Each column contains values for "Inter," "Pay," "Control variables," "Cons," sample size (\(N = 9,321\)), and Adjust \(R^2\). Inter and Pay show negative values across all columns with significance indicated by asterisks (*** \(p < 0.01\)). Control variables are consistently present, and Adjust \(R^2\) values range from 0.053 to 0.115. Robust standard errors are in parentheses.]



5 Conclusion and implications

The rapid advancement of digitization and information technology constitutes a pivotal characteristic of the contemporary era. Due to the rapid advancement in internet technology, the internet and mobile technologies have become indispensable tools for individuals to access information, social communication, and shopping. The utilization of internet technology theoretically enhances convenience in individuals’ lives, while simultaneously expanding the scope of their social interactions. The multifaceted avenues simultaneously promote the growth and nurturing of positive psychology. Older adult individuals exhibit a diminished aptitude for acquiring and adapting to novel technologies (49, 50). The older adult population in China generally possesses a limited educational background, which poses a significant obstacle to their internet utilization. Using micro data from the CHARLS2020 survey, this study investigated the influence of internet usage on the mental health of older adults, with depression index as an indicator for assessing their mental health. To comprehensively capture various dimensions of internet usage, particularly considering the utilization of mobile Internet tools, four variables were introduced to represent older adult individuals’ engagement with the Internet: internet usage, WeChat usage, WeChat moments usage, and mobile payment.

The main findings of the study include: (1) Internet usage can significantly reduce the psychological depression level of the older adults and promote positive psychology; (2) With the increase of the depth of internet usage, especially the use of mobile internet and mobile payment, the internet usage will have greater improvement effect on the degree of depression of older adults; (3) The heterogeneity test found that there were certain differences in the impact of internet use on different older adult groups. Among the disabled older adults, only the mobile payment function can significantly improve their psychological conditions, and the simple use of the internet and WeChat has no significant impact on their mental health. Based on the heterogeneity test of education level, it is found that the internet can have positive impact on the mental health of older adults with an education level below junior middle school only when they learn to use WeChat moments or mobile payment function. In order to mitigate the influence of endogenous issues, the propensity score matching method was employed to validate the robustness of the research findings. Simultaneously, a sub-analysis was conducted on the composition of the depression index, revealing that among its 10 sub-indicators, internet usage predominantly exhibited positive impact on “life hope,” “happiness,” “loneliness,” and “life confidence,” while demonstrating no significant effect on other indicators. According to the research, in the era of digitalization and aging, the digital inclusion of older adults can be promoted through corresponding policies, which may have positive impacts on the mental health and convenience of life of the older adults. Based on the research conclusions, digital exclusion remains prevalent among the older adult population in China. Implementing effective internet utilization services through community initiatives and volunteer efforts may enhance the likelihood of older adult individuals engaging with online platforms. Furthermore, efficient public services can effectively mitigate potential adverse impacts of digital exclusion on the mental well-being and overall quality of life experienced by older adults. Certainly, the excessive utilization of the internet can also give rise to digital addiction and dependency (51, 52), which will be the primary focus of forthcoming research.
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Objective: This study investigates the mediating effect of self-efficacy on the relationship between self-care ability and disability level in older adult patients with chronic diseases.
Methods: A convenience sampling method was used to select 372 older adult patients with chronic diseases from five tertiary hospitals in Chengdu, Sichuan Province. General demographic information was collected using a questionnaire, and self-efficacy, self-care ability, and disability were assessed using standardized scales. Data were analyzed using SPSS 26.0, and the PROCESS macro was employed to test the mediating effect of self-efficacy.
Results: The mean score for self-efficacy was 26.09 ± 7.20, for self-care ability was 113.19 ± 23.31, and for disability was 154.19 ± 29.32. Self-efficacy was positively correlated with self-care ability (r = 0.73, p < 0.001. and negatively correlated with disability (r = −0.84, p < 0.001. and self-care ability and disability (r = −0.91, p < 0.001.. The indirect effect of self-efficacy on the relationship between self-care ability and level of disability was −0.03 (95% CI −0.08 to −0.04), accounting for 16.67% of the total effect.
Conclusion: Self-efficacy partially mediates the relationship between self-care ability and disability in older adult patients with chronic conditions. Healthcare providers can improve self-care behaviours and self-efficacy in older adult patients through effective interventions to reduce the incidence of disability.
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1 Introduction

As of 2020, the population aged 60 and above constituted 18.7% of the total population in China. It is projected that by 2050, the older adult population will reach 454 million, accounting for 33% of the total population (1). The prevalence of chronic diseases among individuals aged 60 and above in China is 69.13%, with a comorbidity rate of 43.65% (2). The reduced daily activity levels and increased hospitalization rates experienced by older adult patients with chronic diseases impose significant caregiving and economic burdens on families and society. The enhancement of self-management abilities during the course of a disease has become a significant public health concern in the context of global ageing. Patients with high self-efficacy are more likely to adopt positive coping strategies when facing diseases (3), which may lead to enhanced self-care awareness and a reduced risk of disability over the course of the disease process. A number of studies have demonstrated an association between self-care (4–6), self-efficacy (7–9) and disability in certain chronic conditions. We observed that self-efficacy may act as a pivotal intermediary variable between self-care and disability among patients with chronic diseases. This notion is supported by Bandura’s Self-Efficacy Theory (10). Cheng et al. elucidated that self-efficacy and self-care are mutually reinforcing processes (10). As individual capabilities, such as self-care abilities, are enhanced, self-efficacy is also increased. Furthermore, high self-efficacy is vital for effective self-management, enabling the modification of unhealthy behaviours and outcomes, such as disability. A substantial body of research has demonstrated the interrelationship between self-efficacy, self-care ability, and chronic diseases in the older adult population. However, there is a paucity of studies that have investigated the relationship between self-efficacy, self-care ability, and disability assessment results. To the best of our knowledge, no research has hitherto investigated the relationship between these variables among older adult patients with chronic diseases in south-west China. It is imperative that this research gap be addressed, given the high prevalence of chronic diseases and disability in this population. Identifying these relationships is crucial for developing appropriate interventions aimed at reducing disability among older adult patients with chronic disease. This study aims to investigate the mediating effect of self-efficacy on the relationship between self-care ability and disability in older adult patients with chronic diseases, thereby providing a reference for rehabilitation guidance in this population.



2 Methods and materials


2.1 Study participants

Convenience sampling was employed to select patients aged 60 and above who visited the outpatient departments or were admitted to the internal medicine wards of five tertiary hospitals in Chengdu, Sichuan Province, from October 2021 to February 2022. For older individuals who utilise smartphones, a WeChat questionnaire was employed for the on-site network survey. Conversely, for older individuals who do not possess smartphones or who have no mobile phones, a paper version of the questionnaire was distributed for the on-site survey. In order to be included in the study, participants had to meet the following criteria: (1) be aged 60 and above; (2) have been diagnosed with one or more chronic diseases; (3) have a certain level of reading comprehension; and (4) provide informed consent and participate in the study voluntarily. Participants were excluded if they met any of the following criteria: (1) were critically ill; and (2) had communication difficulties due to deafness, speech impairment, or cognitive impairment.

Severe disability is defined as the presence of a large number of organ defects, significant organ malformations and moderate organ dysfunction. However, patients are considered critically ill if their vital signs are unstable, their condition is changing rapidly and more than two organ systems show signs of instability, deterioration or failure. People with severe disabilities are not the same as those in critical condition. Our study included older adult patients with chronic diseases and varying degrees of disability.

The number of severely disabled patients involved in this study is minimal. Furthermore, the severely disabled patients are non-intellectual and non-communication disabled patients, which is consistent with the inclusion and exclusion criteria of our study. In the case of severely disabled patients, the researcher will provide a detailed explanation of the purpose, content, requirements, and confidentiality of the survey, ensuring that the patient fully comprehends the nature of the investigation. Throughout the course of the study, the researcher will provide assistance to the patient should they require it.

The outpatient department is the primary location for the treatment of patients with chronic diseases. Those patients who require more intensive care are admitted to the internal medical ward. Consequently, the internal medical ward has a higher concentration of patients with chronic diseases. The objective of the study was to examine the interrelationship between self-efficacy, self-care capability and disability in older adult patients with chronic illnesses. To this end, a survey was conducted in both outpatient clinics and internal medical wards.



2.2 Study methods


2.2.1 Research tools


2.2.1.1 General demographic questionnaire

A self-designed questionnaire was employed to collate data pertaining to the patients’ gender, age, marital status, educational attainment, personal monthly income, average family income, cohabitation status, smoking and drinking habits, and the types of chronic diseases they were suffering from.



2.2.1.2 General self-efficacy scale

The GSES, originally developed by Schwarzer et al. (11), was subsequently translated into Chinese by Zhang (12). The scale comprises 10 items that assess an individual’s confidence in their ability to overcome setbacks and difficulties. Each item is scored on a 4-point Likert scale, ranging from “completely incorrect” to “completely correct,” with scores ranging from 1 to 4. The sum of the scores for the 10 items represents the scale’s total score. The total score on the scale ranges from 4 to 40 points, with higher scores indicating greater self-efficacy. The Chinese version of this scale has been employed extensively across diverse contexts and has demonstrated robust psychometric properties.



2.2.1.3 Exercise of self-care agency scale

The ESCA, originally developed by Kearney and Fleischer (13), was subsequently translated into Chinese by Wang et al. (14). The scale comprises four dimensions: self-care skills (items 1–12), self-care responsibility (items 13–29), self-concept (items 30–35) and health knowledge (items 36–43), with a total of 43 items. Each item is scored on a 5-point Likert scale, ranging from “completely disagree” to “completely agree,” with scores ranging from 0 to 4. Eleven items are reverse-scored. The total score ranges from 0 to 172, with higher scores indicating a greater capacity for self-care. The classification of self-care ability is determined by the total score and the scores assigned to each dimension. This results in three levels of self-care ability: low, moderate, and high. A score below 33% of the total score (57 points) indicates low-level ability, a score between 34 and 66% (58–114 points) indicates moderate-level ability, and a score above 66% of the total score (114 points) indicates high-level ability (15). The Chinese version of this scale has been employed in a multitude of contexts and has demonstrated robust psychometric properties (16, 17).



2.2.1.4 Elderly disability assessment scale

The EDAS, developed by Yang et al. (18), is comprised of 28 items distributed across seven dimensions: mental function (items 1–4), organ function (items 5–7), communication (items 8–9), activity (items 10–15), self-care (items 16–23), family life (items 24–25), and economic and social life (items 26–28). Each item is assigned a score between 1 and 7, with the total score being the sum of all the scores. The total score ranges from 28 to 196, with lower scores indicating higher levels of disability. A total score below 196 indicates the presence of disability. Scores between 168 and 195 indicate mild disability, while scores between 140 and 167 indicate moderate disability. Finally, scores between 84 and 139 indicate severe disability, and a score of 28 to 83 is indicative of an extremely severe disability. The Chinese version of this scale has been employed extensively across diverse contexts and has demonstrated robust psychometric properties (19, 20). The present study is primarily concerned with a comprehensive assessment of disability and dysfunction in older adult patients with chronic diseases. Consequently, the research tool selected for this study is the EDAS.




2.2.2 Data collection and quality control methods

Two survey teams were constituted, comprising four research team members from different hospital departments or units and four trained nurses. It was the responsibility of each team to collect data within their designated department or unit. The purpose, content, requirements, and confidentiality of the survey were elucidated to the patients by the investigators in accordance with the established standardized instructions. Once consent had been obtained, the questionnaires were distributed to the patients. The completed questionnaires were subsequently reviewed on-site by the investigators, collated, and the subjects were presented with a token of appreciation in the form of a small gift. Two individuals were tasked with the organisation, verification, and entry of the data, while any questionnaires deemed invalid were excluded. A total of 380 questionnaires were distributed, and 372 were returned as valid, resulting in a valid response rate of 97.89%.



2.2.3 Statistical analysis

The statistical analysis was conducted using the SPSS 26.0 software. Descriptive statistics were presented as means and standard deviations for continuous variables. The independent samples t-test and one-way analysis of variance (ANOVA) were employed for the purpose of comparing the means between the groups in question. In the event of discrepancies in the number of items included in the dimensions under consideration, the scores are normalised and subsequently compared. Pearson’s correlation coefficient was employed to examine the relationships between variables. The PROCESS macro (Model 4) was employed to test the mediating effect of self-efficacy. Bootstrap resampling with 5,000 bootstrap samples was conducted to estimate the 95% confidence intervals for the various effects.



2.2.4 Common method bias test

In order to avoid common method bias, this study employed a number of techniques to control for potential procedural influences. These included the use of anonymous surveys, reverse item settings and the presentation of items in different contexts (21). With regard to the statistical analysis, a confirmatory factor analysis was conducted using the AMOS 25.0 software. The model fit indices were as follows: The model fit indices indicated poor fit, with a χ2/df ratio of 4.29, an RMSEA of 0.89, a CFI of 0.79, and an NFI of 0.74. Accordingly, the potential for serious common method bias was effectively mitigated in this study.





3 Results


3.1 Demographic characteristics of the sample

Table 1 presents a summary of the demographic characteristics of the participants. The sample was predominantly outpatient, with the majority of respondents being female and over the age of 70. Of all respondents, 289 were married and 154 lived with their spouse, while 217 had completed junior high school or less. Additionally, 56% of patients had three to four chronic diseases. Significant differences in disability score between outpatients and in-patients, between males and females and across age groups, but there is no significant differences across the other study variables.



TABLE 1 Univariate analysis of scores on the disability assessment scale for older adult patients with chronic diseases (n = 372).
[image: Table displaying various variables related to demographic and health factors, their group categories, frequency, mean score with standard deviation, t/F values, and p-values. Variables include group type, gender, age, marital status, education level, income, living arrangements, smoking, alcohol consumption, and type of chronic disease. Statistical significance is indicated by p-values, with some categories showing significant results at thresholds below 0.05.]



3.2 Factor analysis and internal consistency

Factor analysis was used to test the validity of the scales and the samples were randomly divided into two: one was analyzed by exploratory factor analysis (EFA) and the other was processed by confirmatory factor analysis (CFA) to confirm the factor structures of the sample obtained by EFA. T-test analysis was applied to both samples. The goodness of fit of the scales was assessed using the model fit indices (22), supplemented by Maione et al. (23), as shown: χ2 /df < 5, RMSEA <0.08, CFI > 0.90 and NFI > 0.90. In this study, Cronbach’s alpha was used to measure the reliability of the instruments.

To test the validity of the scales used in this study, the samples were randomly divided into two parts, namely General Self-Efficacy 1 (GSES 1, N = 186) and General Self-Efficacy 2 (GSES 2, N = 186). T-test analysis was performed, and no significant difference in group, gender, age, or other variables was observed between the two samples (all p > 0.05). An exploratory analysis (principal component analysis with varimax rotation) was performed to confirm the factor structure of the GSES 1 items, and a principal component was extracted explaining 68.745% of the initial variance (KMO = 0.84, Bartlett’s χ2 = 1,295.079, p < 0.001.. CFA processed GSES 2 to verify the one-factor structure of GSES 1 obtained by EFA and showed acceptable fit indices (χ2 /df = 3.71, RMSEA = 0.07, CFI = 0.92, NFI = 0.90). The Cronbach’s alpha for the whole scale was 0.93. Similarly, the Self-Care Agency samples were randomly divided into two parts: ESCA1 (N = 186) and ESCA2 (N = 186), t-test analysis indicated no statistical difference in demographic variables between these samples (all p > 0.05). EFA on ESCA1 revealed four principal components explaining 66.721% of the initial variance (KMO = 0.823, Bartlett’s χ2 = 1,724.817, p < 0.001., CFA on ESCA2 showed acceptable fit indices (χ2/df = 2.98, RMSEA = 0.07, CFI = 0.98, NFI = 0.92). The Cronbach’s alpha for the whole scale was 0.95. The Elderly Disability Assessment samples were also randomly split in two: EDAS1 (N = 186) and EDAS2 (N = 186), t-test analysis indicated no significant difference in demographic variables between the two samples (all p > 0.05). EFA on EDAS1 suggested a seven dimensional structure explaining 71.657% of the initial variance (KMO = 0.771, Bartlett’s χ2 = 181.469, p < 0.001.. The CFA on EDAS2 showed good goodness of fit (χ2/df = 3.68, RMSEA = 0.08, CFI = 0.97, NFI = 0.91). The Cronbach’s alpha was 0.90.



3.3 Robustness analysis

In order to test the robustness of this study, we divided the sample into a male group (n = 163) and a female group (n = 209). The results are shown in Tables 2, 3. The results suggest that the total effect of self-care ability on disability level was −0.18 (95% CI -0.20 to −0.16) for the male group and − 0.19 (95% CI -0.25 to −0.16) for the female group. Minor changes are observed between the two groups, but the interpretation of the results remains essentially unchanged.



TABLE 2 Mediating effect of self-efficacy on the relationship between self-care ability and disability level for the male group (n = 163).
[image: Table displaying three effect types: total, direct, and indirect. Total effect has an effect value of negative zero point one eight, SE of zero point zero three, and 95% CI from negative zero point two zero to negative zero point one six. Direct effect has an effect value of negative zero point one five, SE of zero point zero three, and 95% CI from negative zero point one six to negative zero point zero nine with a mediating effect of 83.33%. Indirect effect has an effect value of negative zero point zero three, SE of zero point zero one, and 95% CI from negative zero point zero eight to negative zero point zero one with a mediating effect of 16.67%.]



TABLE 3 Mediating effect of self-efficacy on the relationship between self-care ability and disability level for the female group (n = 209).
[image: Table showing effect analysis with four columns: Effect type, Effect value, Standard Error, 95% Confidence Interval, and Mediating effect. Total effect: -0.19, SE 0.03, CI -0.25 to -0.16. Direct effect: -0.17, SE 0.02, CI -0.23 to -0.08, Mediating effect 89.47%. Indirect effect: -0.02, SE 0.01, CI -0.09 to -0.05, Mediating effect 10.53%.]



3.4 Scale scores

Table 4 presents the scores for self-efficacy, self-care ability and disability. The self-efficacy score of older adult patients with chronic diseases was found to be (26.09 ± 7.20), with a range of 10 to 40. The score for self-care ability was (113.19 ± 23.31), with a range of 44 to 176. The disability level score was (154.19 ± 29.32), with a range of 52 to 260. These results indicate that all three variables are within the moderate level. In terms of self-care ability, 73 individuals (19.62%) demonstrated a low level of ability, while 215 individuals (57.80%) exhibited a medium level of ability. Conversely, 84 individuals (22.58%) exhibited a high level of ability. Furthermore, with regard to disability, a total of 141 individuals (37.90%) demonstrated a mild disability level, while 226 individuals (60.75%) exhibited a moderate disability level. In contrast, five individuals (1.34%) exhibited a severe disability level. The dimensions of self-care ability were found to vary in terms of their respective scores. The dimension of self-care skills (0.76) and the dimension of health knowledge (0.91) exhibited the highest Z-scores. The observed result may be attributed to the fact that the subjects of this study originate from Chengdu, a city with a relatively developed economy and an extensive social support system. These factors may have facilitated the acquisition of self-care skills and health knowledge among older adult patients with chronic diseases. In this study, the communication dimension (0.15) and the family life dimension (0.11) exhibited the lowest Z-scores among the seven dimensions of disability. This may be attributed to the influence of traditional Chinese culture and the stigma associated with it. Older adult patients with chronic diseases are often reluctant to engage in active communication with the outside world. Furthermore, contemporary Chinese adult children experience significant pressure in their professional and personal lives. They tend to prioritize the needs of the next generation over those of the previous generation, which can lead to a lack of interaction and communication with their parents. This lack of communication can have a detrimental impact on the internal stability of family relationships.



TABLE 4 Self-efficacy, self-care ability, and disability assessment scores (n = 372).
[image: Table displaying scores and Z-scores for self-efficacy, total self-care ability, and total older adult disability assessment. Includes mean and standard deviation for dimensions like self-care skill, responsibility, concept, health knowledge, mental function, organ function, communication, activity, self-care, family life, and economic and social life. Scores range from 12.01 to 154.19, with corresponding Z-scores between 0.11 and 0.91.]



3.5 Bivariate analysis

As illustrated in Table 5, a positive correlation was identified between self-efficacy and self-care ability (r = 0.73, p < 0.001., whereas a negative correlation was observed between self-efficacy and level of disability (r = −0.84, p < 0.001.. Similarly, a negative correlation was identified between self-care ability and level of disability (r = −0.91, p < 0.001.. The findings suggest that elevated levels of self-care ability and self-efficacy in older patients are associated with a reduction in disability.



TABLE 5 Correlation analysis of self-efficacy, self-care ability, and disability assessment (n = 372).
[image: A large correlation matrix displaying relationships between various self-care and health-related variables such as self-efficacy, self-care skills, health knowledge, and older adult disability. Each cell contains a correlation coefficient, with significant correlations marked by an asterisk indicating p-values less than 0.001.]



3.6 Mediation effect analysis

The PROCESS programme was employed to test the mediating effect of self-efficacy on the relationship between self-care ability and disability level. In this analysis, self-care ability was designated as the independent variable, self-efficacy as the mediating variable, and disability level as the dependent variable, and all demographic variables in Table 1 as the control variables. As illustrated in Table 6, self-care ability was found to have a significant negative predictive effect on disability level (β = −0.19, p < 0.001., while self-care ability also demonstrated a positive predictive effect on self-efficacy (β = 0.24, p < 0.001.. Upon entering both self-care ability and self-efficacy into the regression equation simultaneously, both self-care ability (β = −0.16, p < 0.001. and self-efficacy (β = −0.17, p < 0.001. remained significant predictors of disability level. Table 7 illustrates that the overall effect of self-care ability on disability level was −0.18 (95% CI −0.29 to −0.14). The indirect effect of self-efficacy on the relationship between self-care ability and level of disability was −0.03 (95% CI −0.08 to −0.04), which did not include zero, indicating that self-efficacy partially mediated the relationship between self-care ability and level of disability.



TABLE 6 Regression analysis of the relationships between self-care ability, self-efficacy, and disability level variables (n = 372).
[image: Table displaying regression equations with fit indices for two outcome variables: disability level and self-efficacy. Predictors include self-care ability and self-efficacy. Values are given for R, R squared, F, beta, and t. Significant results are noted with a superscript \(a\) indicating \(p < 0.001\).]



TABLE 7 Mediating effect of self-efficacy on the relationship between self-care ability and disability level (n = 372).
[image: Table displaying effect types with corresponding values. Total effect: value -0.18, standard error 0.03, 95% confidence interval -0.29 to -0.14. Direct effect: value -0.15, standard error 0.03, 95% confidence interval -0.18 to -0.06, mediating effect 83.33%. Indirect effect: value -0.03, standard error 0.01, 95% confidence interval -0.08 to -0.04, mediating effect 16.67%.]




4 Discussion

This study represents the first attempt to examine the relationship between self-care, self-efficacy and disability among older adult patients with chronic diseases in Southwest China. It also examines whether self-efficacy mediates the relationship between self-care and disability in this population. Several significant findings emerged from this study (Table 8).



TABLE 8 Univariate analysis of scores on the self-care assessment scale for older adult patients with chronic diseases (n = 372).
[image: A table displays variables such as group type, gender, age, marital status, education level, income, living arrangements, smoking, alcohol consumption, and chronic disease type. For each category, it lists the frequency, mean score with standard deviation, t/F value, and p-value. Notable findings include significant p-values for group (0.041), gender (0.039), age (0.008), education level (0.013), and alcohol consumption (0.048), indicating statistical significance. Analysis methods are noted as t-test and analysis of variance.]


4.1 Self-care ability, general self-efficacy, and disability level in older adult patients with chronic diseases

Self-care capability refers to engaging in self-care activities or self-management using various resources (24). It can be acquired through learning, and forms the basis for individuals to engage in self-care behaviours that promote and maintain their physical and mental health and improve their quality of life (25). Self-care capability is an important indicator for assessing patients’ self-care behaviours, and its level can influence their health and quality of life. Research has shown that patients with higher self-care ability have greater confidence in managing their condition, better quality of life after discharge from hospital, and better disease outcomes (26). The results of this study showed that the self-care ability score of older adult patients with chronic diseases was moderate (113.19 ± 23.31), which is consistent with similar studies in China (27) and higher than that of inpatients/cancer/chronic obstructive pulmonary disease (COPD) patients (28, 29). As previously stated, the dimensions of self-care skills and health knowledge exhibited the highest scores. The theory of successful ageing emphasises that through effective self-health management, older adults can accept themselves, actively learn, participate in the life process and achieve a sense of accomplishment. As we mentioned above, the study population in this research was from Chengdu, a region in the central part of Sichuan Province with a well-established service network, comfortable living environment, and abundant cultural and sports activities. Under the advocacy of the local government, various levels of society are actively promoting the construction of an “active ageing” cultural environment that integrates “cultural and creative” elements, and are actively carrying out support services and health education activities for older adult patients with chronic diseases. As a result, older adult patients with chronic diseases can accept themselves and actively learn as they age, which is conducive to maintaining their self-care ability and self-health management (Table 9).



TABLE 9 Univariate analysis of scores on the self-efficacy assessment scale for older adult patients with chronic diseases (n = 372).
[image: A table displays various demographic and health-related variables with corresponding groups, frequencies, scores (mean ± standard deviation), t/F values, and p-values. Variables include group type, gender, age, marital status, education level, income, living arrangement, smoking, alcohol consumption, and type of chronic disease. Significant p-values are noted for most categories, indicating statistical significance in variations across groups.]

Self-efficacy is an individual’s assessment of their ability to perform certain behaviours. A strong perceptual and motivational source drives individuals to overcome challenges and ultimately achieve success (30). It represents an individual’s overall confidence in coping with various environmental challenges or new situations, and serves as an important resource for dealing with the external world. Improving self-efficacy can improve medication adherence, enhance self-management and self-care skills, reduce hospital readmission rates, lower healthcare costs, modulate psychological states, improve adverse outcomes, and ultimately improve the quality of life of patients with chronic diseases (31–33). Studies have shown that self-efficacy predicts medication adherence in older adult hypertensive patients and moderates the relationship between depression and medication adherence (34). In a study of 153 asymptomatic patients with heart failure, gratitude was correlated with self-efficacy, and self-efficacy was positively correlated with medication adherence. Gratitude influences medication adherence indirectly through self-efficacy (31). The results of this study showed that the self-efficacy score of older adult patients with chronic diseases was moderate (26.09 ± 7.20), which is similar to several other studies (35–37), indicating a relatively low proactive and positive attitude of older adult patients with chronic diseases in adapting to society and managing their health. The reasons for this may be that older people with chronic diseases have difficulties adjusting to their roles after diagnosis and have low acceptance of their disease, which affects their subjective assessment of their own abilities. During the illness, their daily activity level decreases, which increases the likelihood and frequency of hospitalization, which places a burden on their families and society, as well as an economic burden. This can lead to a decline in their self-esteem and self-confidence, resulting in self-doubt and lower self-efficacy. Four types of information influence the formation and change of self-efficacy: personal experiences of success or failure, vicarious reinforcement through observation, evaluation and persuasion by others, and emotional and physiological information (38). Healthcare providers can encourage older people with chronic diseases to develop regular exercise habits, implement effective health education, establish a multidisciplinary self-management approach led by nurses, and use telemedicine (39) to improve their self-efficacy and self-management skills, thereby enhancing their quality of life and promoting their health.

Disability is a condition in which an individual’s ability to function in daily life or social activities is limited (40). Prolonged disability can cause severe psychological trauma to patients, leading to psychological fragility, role dysfunction, adverse treatment outcomes, and impairing the recovery process (41). Disability in the older adult population is directly related to care practices and costs, resulting in a significant long-term burden of care (42). The results of this survey showed that the disability score of older adult patients with chronic diseases was moderate (174.19 ± 29.32), which is consistent with the research results of Wu (43), Zhang (44), and others. The lowest scores were observed in the communication and family life dimensions in this study. Possible factors contributing to this analysis include: cognitive decline, physiological ageing, shrinking social networks, and rapid changes in economic conditions and social roles, among others. Taken together, these elements challenge older patients with chronic conditions to learn and accept new concepts. Their thoughts and behaviours become relatively closed, influenced by traditional Chinese culture and the stigma associated with illness. They tend to avoid contact and communication with others for fear of discrimination. This lack of social interaction and support impairs their ability to adapt and receive support from family members, friends and social groups, which is detrimental to intimacy and reciprocity within the family. Chronically ill older people who cannot care for themselves often choose to live with their adult children (45). They experience feelings of loneliness, which leads to long-term and severe social and psychological stress, and reduces their access to social and emotional support (46). However, with rapid social and economic development, the migration of adult children has a negative impact on older people, resulting in a lack of support and care from family, friends and society, which is not conducive to the stability of intimate family relationships and mutual support. This can lead to feelings of isolation and severe social and psychological pressures. Therefore, it is recommended to improve the social support system with a focus on disabled older people with chronic diseases, to enhance social integration and to encourage adult children to understand the needs of their parents in order to effectively guarantee the quality of life of older people and to create a harmonious and healthy family atmosphere, thus promoting the stable functioning of family dynamics (47). Standardising long-term care programmes for disabled older people (48) and exploring service models suitable for long-term care of older people with chronic diseases can effectively improve their self-efficacy and self-management skills, thereby improving their physical and mental health and quality of life.



4.2 Correlation analysis of general self-efficacy, self-care ability, and disability level in older adult patients with chronic diseases

The results of this study showed a positive correlation between self-efficacy and self-care ability (r = 0.73, p < 0.001., which is consistent with previous studies (49, 50). Patients with higher self-efficacy may have greater self-confidence, are active learners, improve their knowledge and skills to manage their disease, and improve their self-care skills. It is also conceivable that individuals who demonstrate superior self-care abilities are more prone to exhibit elevated levels of self-efficacy. Conversely, patients with low self-efficacy have less confidence, are unable to improve their self-care skills through psychological counselling, and have poor self-management behaviours when faced with illness. In addition, a negative correlation was found between self-efficacy and level of disability (r = −0.84, p < 0.001., which is consistent with research by Marceron et al. (51). Older adults with higher self-efficacy have a better understanding of their health conditions, have better emotional management skills (52), have confidence and skills to cope with illness, are more adaptable to changes in social and family roles after illness, actively seek medical and family support, and have positive expectations for their future lives. As a result, they effectively regulate anxiety, depression and other negative emotions. This suggests that health care providers should increase psychological interventions for patients, improve patients’ self-efficacy in managing their condition, and consequently reduce levels of disability. In addition, there was a negative correlation between self-care ability and level of disability (r = −0.91, p < 0.001., indicating that patients with higher self-care ability have lower levels of disability. Self-care theory suggests that self-care ability can meet self-care needs through scientific and rational guidance and learning, thereby improving quality of life and prognosis (53). This means that older adult patients with higher self-care capacity can use internal and external resources, actively participate in decision making, fully utilise their subjective initiative, realise their self-worth, increase their confidence in self-care, improve their self-care ability, and maintain their physical health, prevent disease and facilitate disease recovery, thus reducing the level of disability.



4.3 Partial mediating role of self-efficacy in the relationship between self-care ability and disability level in older adult patients with chronic diseases

The mediation analysis showed that self-efficacy partially mediated the relationship between self-care ability and level of disability. Self-care theory (54) suggests that older adults can cultivate their self-care ability and environmental adaptability through late learning of self-care behaviours, which allows them to demonstrate positive emotions such as self-esteem, wisdom, self-efficacy and self-control when faced with symptoms (55). Older adults with higher self-care skills typically integrate and utilise resources around them to effectively cope with adverse life events such as various chronic diseases, widowhood and living alone (56), thereby improving their quality of life. The results of this study further support self-care theories and Bandura’s self-efficacy theory as discussed above. Older patients with higher self-care abilities are more confident and inclined to proactively use internal and external resources, acquire relevant knowledge and skills, and apply them to manage their own physical and emotional well-being. They actively cope with adverse life events, experience growth and adaptation as they age, achieve new equilibria, and subsequently reduce levels of disability.

On the other hand, older patients with lower self-care capacity tend to use avoidance strategies when dealing with illness, show poor self-management behaviours, lack practical coping skills when faced with illness, and experience greater uncertainty about their health status, resulting in higher levels of disability. Previous studies have also shown that self-care skills are beneficial for self-behavioural management and emotional regulation in chronic illness (57). Older adults with inadequate self-care skills have significantly higher rates of disability and disease burden, placing a significant burden on families, society and health care institutions. Self-care ability is a modifiable factor in self-management behaviour and can be improved through nursing interventions and various training methods. Therefore, healthcare providers can enhance the self-care capabilities of older people with chronic diseases by providing individualised interventions, improving their perceived self-efficacy and increasing their confidence in self-management. This can ultimately improve their quality of life and delay or even reverse adverse health outcomes.



4.4 Implications for practice

Our study provides two ideas for future research and public health practice. First, improving the self-care capabilities and self-efficacy of older people with chronic conditions is an important way to achieve self-management of chronic conditions in this population. Studies have shown that stimulating the potential of older people can effectively reduce the incidence of disability (58). Active self-management can motivate older people to actively cope with the role of ageing and to acquire knowledge and skills for self-health management. Ravesloot et al. (59) developed a management plan for people with disabilities that focuses on helping participants to set up healthy self-management courses and to build participants’ confidence in changing healthy behaviours. Since its inception in 1995, the programme has provided services to approximately 8,900 individuals at 279 community agencies across 46 states in the United States. The management programme served people through multiple levels of intervention, meeting the individual needs of participants and improving their functional status. Therefore, in China’s current “geriatric-centred” policy implementation environment, enabling older adult patients with chronic diseases to change from passive disease self-management to active participation in disease self-management can improve their self-care ability and self-efficacy to cope with disease management and actively delay disability. Second, the availability of medical resources and timely access to practical medical help are crucial for older people with chronic conditions. The incidence of disability is closely related to health services. A study of the relationship between health-related services and disability showed that the more medical services the participants used, the less likely they were to be disabled. In particular, participants who participated in leisure activities, had regular health checks and received information support were less likely to be disabled, and their disability rate was reduced by 59 to 89% (60). Effective medical services can reduce the incidence of disability, particularly in older people with chronic conditions, but current utilisation of the medical service system is not optimistic. Moreover, in some areas of southwest China, the availability of medical resources and the affordability of medical expenses have become the limiting factors for older adult patients with chronic diseases to seek medical care. Yen et al. (61) studied the use of preventive health care services among people with intellectual disability, and the results showed that only 16.65% of people with intellectual disability over 40 years old used preventive health care services, of which 19.38% used preventive health care services for mild disability and 13.83% for severe disability. As the degree of intellectual disability increases, the use of preventive health services decreases. Therefore, future studies need to combine government policy interventions and personal participation in the medical service system to effectively improve the quality of life of older people with chronic diseases and reduce the incidence of disability.



4.5 Limitations

This study has three major limitations. First, it is a cross-sectional study, which inherently limits the ability to establish causality, despite the theoretical framework. Meanwhile, it is not possible to exclude the possibility of an inverse causal relationship. Future studies should consider using experimental or longitudinal designs to elucidate causal relationships between variables. Second, data collection was limited to five tertiary hospitals in Chengdu, Sichuan Province, which may limit the generalisability of the findings. Third, in future work, we should further consider the influencing factors of older patients with chronic diseases, such as psychological resilience, perceived social support, disease burden and other variables, to enrich the research model.




5 Conclusion

Self-efficacy partially mediates the relationship between self-care ability and disability in older people with chronic diseases. Self-care ability may directly predict level of disability and indirectly predict disability through self-efficacy. Healthcare providers can implement personalised care strategies and interventions that involve older adults in their disease management, strengthen health coaching, encourage self-care behaviours and promote self-efficacy. These efforts can ultimately improve quality of life and delay the onset of disability.
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Background and purpose: Recognizing the importance of self-management in older adults with multiple chronic conditions (MCCs) is crucial for their quality of life. This qualitative study explored the factors linked to self-management among older adults with MCCs.
Materials and methods: The present study was conducted in three stages: an integrated review, qualitative interviews, and Delphi. The search used electronic databases including Web of Science, PubMed, Scopus, Magiran, SID, and Iranmedex. The results of 33 studies that met the inclusion criteria were analyzed using conventional content analysis. A data matrix was formed; and purposeful sampling was conducted among older adults with MCCs, family caregivers, and specialists. The data were collected through semi-structured interviews. Data analysis of 29 interviews was conducted simultaneously with data collection using oriented qualitative content analysis and the Elo and Kyngäs approach. Three rounds of Delphi were conducted via email correspondence with a group of 30 experts to develop and validate the proposed variables.
Results: The factors that influence self-management can be categorized into various categories. Biological factors, cognitive factors, co-morbidities, socio-economic factors, health-related behaviors, mental health, interactions with healthcare teams, Family relationships, medical facility resources, employee empowerment, health policy development, and cultural influences.
Conclusion: Self-management in older Iranian adults with MCCs is a complex and multidimensional phenomenon. By identifying the relevant factors, it is possible to design operational plans that promote self-management among the older adult population and are tailored to fit the specific needs of Iranian society.
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1 Introduction

Aging is an inevitable process, and older adulthood population is a global issue that presents a significant challenge to humanity (1). According to United Nations estimates, the global older adult population is expected to double by 2050, that is 1.2 billion people, and Iran ranks third in the world in terms of the speed of population aging, following the UAE and Bahrain (2, 3). Population aging is a reality in Iran, with older adults representing approximately 10% of the population (4). By 2050, the share of this age group in the country’s population is projected to exceed 20%, totaling over 20 million people (5).

As individuals age, the burden of disease and the number of people suffering from multiple chronic conditions (MCCs) also increases. Individuals over the age of 60 have at least one chronic disease (6). Chronic conditions are medical conditions that require ongoing treatment for a year or longer, often resulting in limitations in daily activities. Individuals with MCCs have two or more chronic diseases simultaneously (7). The prevalence of having two chronic diseases at the same time is 58.2% in the 45–64 age group and 78.9% in those over 65 years old (8). A study by Ahmadi et al. in the Golestan province of Iran found that the prevalence of MCCs was 30.4% in individuals aged>60 years. Risk factors for MCCs include being over 60 years old, female, unemployed, a smoker, alcohol or drug user, having low education, physical inactivity, poor socioeconomic status, and a high body mass index (9). Common patterns of MCCs include cardiovascular and metabolic diseases, mental health issues, and musculoskeletal disorders (10).

MCCs increase the need to use healthcare services and facilities, and proper management is a major public health challenge that helps control disease complications and treatment costs (11). Additionally, there is an increase in disability, a decrease in activity levels, an increase in the burden of disease, and a decrease in the feeling of well-being, all of which weaken the quality of life (12) and increase the risk of death (13). To avoid a deterioration in functional capacity, participation in physical activities can positively impact the quality of life and functional capacity of older adults and help maintain independence in basic daily activities. Additionally, living alone can affect basic activities and functional capacity (14). In the context of older adults’ health, it is essential to understand the determinants that influence a high degree of satisfaction with their health status. Key factors include maintaining good functional abilities, the absence of physical diseases and psychological problems, and maintaining adequate levels of physical activity (15). In addition to management and clinical care, it is important to pay attention to the self-management needs of older adults with MCCs to reduce disease symptoms and maintain their quality of life. Currently, healthcare providers for this group of individuals primarily focus on life-threatening conditions and complications to reduce mortality. However, for the multifaceted and comprehensive management of MCCs in older adults, coordination among care plans, disease management, and self-management is crucial. This coordination depends on the patient’s ability and self-care capacity.

In a review of guidelines related to the clinical management of individuals with MCCs, regular evaluation of treatment conditions, self-management, monitoring, and follow-up were considered (16). Self-management is defined as the ability of individuals to manage symptoms, treatment, and physical and psychological consequences of the disease and adapt their lifestyle to accommodate chronic diseases (17). The five main self-management skills include problem-solving, decision-making, correct use of information sources, forming a relationship between the patient and healthcare providers, and Taking Action (18). In recent years, special attention has been paid to self-management strategies, particularly in the management of chronic conditions (19). Self-management is a practical nursing (20). Self-management strategies in individuals with chronic diseases will empower the patient to play an active role in managing the disease, increasing awareness, improving understanding of the disease and adherence to the treatment regimen, enhancing the health status of patients, and reducing the costs of treatment and care (21).

Self-management is one of the most crucial factors in the field of geriatrics (22) and is also a key strategy to reduce the costs of treating and caring for patients, particularly those with chronic illnesses. Health policymakers place great importance on enhancing and refining their self-management skills. When older adults’ self-management abilities are compromised, they may feel powerless and lack decision-making authority. They may feel compelled to follow other decisions and choices, which goes against their natural inclinations. This can compromise autonomy and independence. Furthermore, older adults with limited self-management skills are more susceptible and require additional support to adapt to their circumstances (23). To break this cycle, it is essential to identify the factors that influence and predict self-management in older adults to enhance their self-management abilities (22). Therefore, research and programs aimed at improving self-management among older adults based on their unique circumstances, capabilities, and needs are top priorities in healthcare. Reducing the costs of treating and caring for patients, particularly those with chronic illnesses, is also a key strategy. Health policymakers place great importance on enhancing and refining their self-management skills. Although numerous studies have been conducted on factors associated with self-management, few studies have specifically focused on older adults (17, 23–26).

Previous studies have investigated self-management in older adults with chronic diseases such as rheumatoid arthritis, asthma, and diabetes (27, 28). Since the incidence rate of MCCs is high and its consequences affect self-management differently in older adults than in other age groups (17, 29, 30), it is necessary to analyze the factors related to self-management in this group of patients separately. Given the challenges posed by chronic diseases in older adults and the crucial role that self-management plays in mitigating the severe complications of MCCs, it is essential to explore the factors that influence self-management in this population. As the existing knowledge on this topic is limited, further research is needed for a more comprehensive understanding. Therefore, this study aimed to elucidate factors associated with self-management among older Iranian adults with MCCs.



2 Materials and methods


2.1 Study design, sample size, and data collection

This study is part of a sequential-exploratory mixed-method study aimed at designing and evaluating a predictive model of self-management in Iranian older adults with MCCs. The research methodology consisted of three parts. First, an integrated literature review is conducted. The second part involved a field study based on interviews with older adults with MCCs, their caregivers, and healthcare specialists (physicians, nurses, and other healthcare team members). The third part involved validating the proposed variables; through three rounds of Delphi, conducted via email correspondence with 30 experts. The integrated literature review follows Whittemore’s approach. The review was conducted by identifying the problem, collecting data, reviewing the literature, evaluating and extracting data, analyzing data, extracting concepts, and interpreting and presenting results (31, 32).

A review of English and Persian research articles was conducted using quantitative and qualitative methods from 1980 to 2023. The inclusion criteria were full-text Persian and English studies with various quantitative and qualitative designs related to self-management and its influencing factors in older adults with MCCs.

A detailed search was performed using English keywords from MESH, such as Multiple chronic conditions, aging, older adults, Self-Management, multi-morbidity, Comorbidity, Concurrent multiple medical conditions, Predictors, Older Adult, Old age, Risk Factor, as well as the keywords Factors, Risk Factors, Predictors. Electronic databases, such as Web of Sciences, PubMed, Scopus, and equivalent Persian databases, including Magiran, SID, and Iranmedex, were used for the search. Studies involving non-older adults or older adults without MCCs were excluded from analysis. Initially, two researchers independently reviewed the abstracts of the articles, followed by a thorough evaluation of the related articles. A total of 33 articles were analyzed after a complete review of their texts. The screening and selection process adhered to PRISMA guidelines (Chart No. 1). To ensure article quality, a five-item checklist by Hong was used (107) and articles were independently graded as excellent (25 articles), with some limitations (eight articles), or with significant limitations. Data analysis was conducted using conventional content analysis.

In the second phase, individual interviews were conducted with the participants based on the matrix obtained from the integrated literature review (Table 1). Participants were selected through purposive sampling; and included healthcare professionals (e.g., physicians, nurses, clinical psychologists, physiotherapists, social workers, pharmacists, and gerontologists), all of whom had experience working with older adults with MCCs. Older adults with a history of MCCs, as confirmed by a physician for at least the last 6 months, living in Tehran City either alone or with family (community-dwelling), and without cognitive impairments (scoring seven or higher on Hodgkinson’s short cognitive test) (33), were required to provide informed consent to participate in the study.



TABLE 1 Characteristics of participants in interviews.
[image: Table showing three groups of participants: Specialists, Caregivers, and Older Adults with MCCs. Specialists are aged 36-50 with 4 females and 9 males; job numbers include clinical psychologists, physicians, and others. Caregivers are aged 28-51 with 3 females and 3 males; jobs include employees and students. Older adults are aged 65-81 with 4 females and 3 males; roles include retired and manual workers. Participant numbers range from 1-13 for Specialists, 14-19 for Caregivers, and 20-26 for Older Adults.]

They also needed to be referred to healthcare centers affiliated with Iran, Tehran, and the Shahid Beheshti Universities of Medical Sciences. Additionally, family caregivers of older adults, who were responsible for caring for them at home for at least 6 months and lived with them or separately, also had to provide informed consent to participate in the study. Data were collected from January to June 2023 at clinics, hospitals, and universities in Tehran. After receiving approval and obtaining an ethics code, researchers visited the centers and conducted semi-structured individual interviews with participants after explaining the research and obtaining consent. A total of 29 interviews, were conducted and recorded in a private setting by the first author (Figure 1).

[image: Flowchart illustrating the article selection process for a study. From 1,142 primary articles and 15 from other sources, duplicates reduce the count to 984. After reviewing, 887 are excluded, including 61 on other chronic diseases, 43 reviews, and 93 non-older adult studies. Finally, 33 studies are included for model generation.]

FIGURE 1
 PRISMA flow diagram.


Experts asked open and general questions such as: “Based on your experience of caring for and interacting with older adults with MCCs, what problems have the diseases caused for the older adults?” “, “How can they maintain their health with so many diseases?,” “How do they control problems and complications related to diseases together?,” “What factors help in doing these tasks?”. Caregivers also answered open and general questions, including; “What diseases does your mother, father, or older adults suffer from?”; “Has it created problems for them?,” “How have they maintained their health with so many diseases? “, “How do they control disease-related problems and complications related to diseases?’, “What factors help with doing these things? “).

Interviews with the older adults with MCCs included general questions like (“What diseases are you currently suffering from?,” “What problems have the diseases caused you?,” “How do you deal with the problems and complications related to the diseases?,” “Do you control together?” and “What factors help in doing these things?”). Exploratory questions were also asked to encourage participants to recount their experiences and obtain more information. The interviews were continued based on the initial answers and interview guide regarding self-management. The duration of the interviews was adjusted based on the participants’ opinions and tolerance levels (average 46 min). Interviews continued until data saturation was reached; meaning that no new findings were added.

In the third part, the Delphi technique was used to reach a consensus on the predictors of self-management in older adults with MCCs. A research team comprising experts in chronic diseases, nursing, and geriatrics reviewed the method. The questionnaire, which was administered in three rounds, was emailed to 35 experts between August and November 2023. Thirty experts assessed the importance of each indicator using a five-point Likert scale (completely agree = 5, agree = 4, disagree = 3, completely disagree = 2, and no opinion = 1).



2.2 Data analysis

During the integrated review of the articles, traditional content analysis was performed using the Elo and Kyngäs methods. Initially, the results of the articles were examined to extract, code, and classify the factors that influence self-management. Subsequently, the interviews were analyzed using a guided content analysis approach after recording and implementation. The resulting codes were then combined and developed in a conceptual matrix derived from the literature review. Any new codes identified led to the addition of new subcategories to the data analysis matrix. The method outlined by Elo and Kyngäs (108) was employed for this stage with the following steps.

1. Preparation stage: Reading the general text of the data repeatedly to gain a comprehensive understanding and select the analysis unit. Decision-making for data analysis was carried out using either explicit or latent content analysis. 2-Organization stage: open coding and creation of sub-categories, grouping of sub-categories into more abstract categories, and compiling a general description using sub-categories and categories. 3-Reporting phase: Reporting the analysis process and study results through the conceptual model, highlighting inter-conceptual connections (34).

After compiling the data analysis matrix obtained from the post-implementation integrative review of literature, the interviews were read multiple times. By immersing myself in the data. I gained a general understanding of the interview texts. The coding process followed, with white codes and then classified based on similarities and differences within the matrix classes. The Delphi section analyzes prioritized factors related to self-management using descriptive statistics.



2.3 Trustworthiness and ethical considerations

Guba and Lincoln’s criteria, including acceptability, reliability, transferability, and verifiability, were used to ensure the scientific accuracy of this study (35, 36). The researcher aimed to establish a proper relationship with the participants and enhance credibility through long-term involvement and complete immersion in the data (37). The findings were verified by examining their compatibility with their experiences and by controlling the data results with them during fieldwork.

In this study, the interviews and extracted codes were presented to several colleagues for analysis to confirm the researcher’s perceptions. Through the analysis process, our colleagues discussed the findings. Researchers have 10–30 years of experience in theoretical and clinical training on chronic diseases and in working with older adult patients with MCCs. In this study, the triangulation of the researcher involved more than one researcher participating in collecting, analyzing, or interpreting the data, which helped increase the credibility of the qualitative aspect of the study.

Triangulation of the data sources included participants with different levels of experience (older adults, caregivers, and experts) selected for data collection. Reliability: The key factor in achieving reliability is the validation of the researcher’s findings.

To ensure reliability, all interviews were recorded and transcribed verbatim. The steps taken were meticulously documented, and the data were stored securely. Additionally, to meet these criteria, the methods were presented to experts for review, and supervisors provided feedback. Finally, when writing the research report, coding was used; and participants’ statements were quoted. Verifiability is a gradual, continuous process. To validate the researcher’s efforts, it was essential to accurately document and report the research steps and decisions made during the process, enabling others to replicate the study, if necessary. To ensure the transferability of the findings, the researcher made a concerted effort to thoroughly describe the research field by outlining the participants, sampling method, and the time and location of data collection. This approach allows readers to have confidence in the potential transferability of the data.

Permission to conduct the research was obtained from the ethics committee of the University of Social Welfare and Rehabilitation Sciences under the code of ethics (IR.USWR.Rec.1399.256). Informed consent was obtained by explaining the purpose of the research to the participants, assuring them that their information (names, interview tapes, and writings) would be kept confidential and that they were free to withdraw at any stage of the research. Recorded conversations were deleted after data transfer and analysis.




3 Results

In the first part of the study, codes extracted from the studies in the categories included biological factors, cognitive factors, coexisting diseases, economic and social factors, health-oriented behaviors, mental health, interaction with the care and treatment team, family relationships, medical center facilities, and staff empowerment. Health policymaking and cultural factors are also considered. The codes obtained from the interviews with the participants were categorized based on similarities and differences in the matrix categories from the literature review. Codes that did not fit into any sub-categories formed new sub-categories and primary sub-categories were identified using an inductive approach. Sub-categories obtained from individual interviews included; fatigue, sensitivity and perceived severity of disease complications, happiness, personality type, and caregiver burden (Table 2). In the Delphi stage, individual knowledge of health literacy, treatment cost with care cost, and complex treatment patterns with disease severity were integrated. Variables related to the use of self-management programs were eliminated.



TABLE 2 Categories and subcategories derived from the integrated literature review and stakeholder interviews.
[image: A table with two columns titled "Main categories" and "Subcategories." The left column includes categories: Biological factors, Cognitive factors, Co-morbidities, Mental health, Economic-social factors, and Health-oriented behaviors. Subcategories include gender, age, cognitive ability, pain, anxiety, cost of treatment, and adherence to treatment. The right column has main categories: Interaction with the care and treatment team, Family connections, Facilities of medical centers, Empowering employees, Health policymaking, and Cultural factors. Subcategories cover communication quality, family support, healthcare resources, employee training, patient-centered approaches, and cultural beliefs.]

In the category of biological factors, the analysis of integrated review data showed that gender (27, 38–42), age (27, 40–42) and physical activity level (17, 28, 43, 44) affect the self-management of older adults with MCCs. Additionally, participants’ experiences indicated the effect of fatigue on self-management. Regarding gender, the results of the studies were conflicting. However, most studies have shown greater self-management among older adult women (38, 45, 46). A nurse (P10) said: “… older adult women have better control over their conditions and follow treatment plans independently and more regularly than older adult men”.

In the category of cognitive factors, abilities such as cognitive ability, self-efficacy, self-care ability (3, 17, 24, 27–29, 40, 41, 44, 47–49), self-efficacy, self-care ability, self-management skills (24, 27, 50–52), and problem-solving ability (3, 28, 30, 40, 41, 47, 53) promote self-management and health literacy (17, 24, 28, 41, 46, 51, 54–59) which are directly related to self-management. Participants also confirmed these factors. A 48-year-old male nurse (P8) acknowledged that: “…The older adult’s high level of education creates resistance to receiving effective care from formal caregivers. They search the internet, ask people, and want to do a better job.” A Gerontology specialist (P3) added: “… In old age, mental abilities decline leading to memory issues forgetfulness, and cognitive changes”.

In the category of comorbid diseases, pain (17, 27, 42, 53, 56), the severity of diseases (25, 27, 29, 42, 46, 52, 56, 59), treatment complications (53, 56, 59–62), frailty (24, 41, 63) and polypharmacy (53, 56, 61) have been mentioned. A 37-year-old female caregiver (P18) said:”…His illness puts a lot of pressure on him and it becomes severe. When we see my father’s pain and moans, we knock on every door to calm him. When he is in pain, we cannot even talk to him.” A 41-year-old male nurse (P10) said: “…Polypharmacy in older adults causes them to fall, get poisoned, and feel lethargic, and in this situation, they cannot take care of themselves and need support”.

Economic-social factors, such as the cost of treatment and care (28–30, 41, 56, 64, 65), the patient’s financial ability (52, 55, 65–67), and formal social support structures (3, 28, 68–70) affect self-management. A 28-year-old caregiver (P19) expressed, “…Grandma’s economic status is not high, and we have to pool money from family members to buy equipment or pay for doctor visits.”Another geriatric specialist (P5) mentioned, “… Older adults derive happiness from being active in the community, which in turn affects their self-management at an interpersonal level.” The 28-year-old caregiver (P19) added, “…The role of the older adults in our society has diminished, causing isolation and difficulties, especially when they fall ill”.

Health-oriented behaviors encompass treatment adherence (44, 49, 71–73) and maintaining a healthy lifestyle (17, 28, 40, 49, 74, 75). A 73-year-old man (P20) shared, “… Despite my health issues, I diligently followed my knee surgery plan from start to finish.” An 81-year-old woman (P21) mentioned, “… I visit the gym three times a week and engage in regular walks.” A physiotherapist (P10) noted, “… Efforts to support and care for the older adults play a significant role in maintaining their independence.” A female nurse (P12) emphasized, “… Consistency in following up on health recommendations is crucial for improving the quality of life among the older adults”.

The mental health category included anxiety (17, 52, 57, 66), depression (17, 25, 57, 66), feelings of loneliness (17, 57), life satisfaction (17, 40, 41, 64, 76), sleep disorders (44, 74, 77), and substance abuse (20, 76). The participants highlighted the impact of these factors on self-management. A male psychologist (P1) stated that “… Depression is common among older adults with chronic illnesses, leading to withdrawal and anxiety.” A 65-year-old woman (P22) stated, “…The first two years of my illness were challenging, and I felt nervous and depressed, and my condition worsened. I gradually accepted it.” The caregiver of a 37-year-old woman (P18) shared, “…Now, due to all the pain and suffering they endure, they are in denial and refuse treatment. If they continue to deny it, they will experience mental and physical complications.” The older adult participants viewed happiness as a key factor in improving self-management, with an 81-year-old woman (P21) mentioning: “…I make an effort to find happiness.” A 67-year-old woman added: “…Happiness boosts my optimism and helps me cope with challenges”.

Interaction with the care and treatment team involves quality communication with physicians (78–80), nurses (68, 80), and other healthcare team members (81, 82), trust in healthcare providers (29, 38, 61, 76), and the professional competence of the healthcare team (40, 43, 64). The participants emphasized the importance of effective communication with healthcare professionals. One clinical psychologist (p1) said: “… I prioritize clear communication and active listening when caring for older adult patients.” A female caregiver (p14) highlighted: “… The role of hospital follow-ups and trust in health care played a significant role in my mother’s well-being”.

Family relationships involve family caregivers’ knowledge (3, 59, 61, 83); and support from family members (61, 68, 73, 84). The participants emphasized the role of family support in the self-management of older adults. The Faculty of Gerontology (P4) stated: “…Many older adults people who receive sufficient support from their families prefer to carry out their daily activities independently as much as possible.” A 48-year-old nurse (P8) said: “…The demanding nature of caring for older adults can sometimes strain these relationships, causing them to deteriorate.” (P7) said: “… is a surprise that many older adults feel lonely and isolated. This issue has become increasingly prevalent in society”.

Medical center facilities include limited access to specialized healthcare centers (24, 66), responsiveness of health services to older adults’ needs (69, 76, 85–88), and equipped medical centers (3, 59, 61). Participants stressed the importance of a responsive healthcare system for older adults. A geriatrics specialist (P7) said, “… Now is the time when we need to establish special education systems for older adults and improve access to services; under the direct supervision and support of the Ministry of Health.” The Faculty of Gerontology (P4) stated, “…The crucial issue is the comprehensive care program itself, which is conducted by the Ministry of Health and Medicine. Proper screening, training, and media should also be implemented to avoid escalating concerns among older adults.” A 28-year-old caregiver (P19) said, “… There are no specialized sections for older adult patients, making it challenging for them and their families to navigate the situation.” A physician specializing in geriatrics (P2) said, “…Now, the best practice is to establish an integrated consultation system for older adults, offer follow-up services, and address the issue of worn-out equipment in medical centers.” The 28-year-old caregiver (P19) said: “…Let us establish specialized centers so that I do not have to worry so much about caring for an older adult person. It is unbelievable that we had to wait for hours before he could see the physician and visit the pharmacy”.

Employee empowerment involves human resource training (30, 43, 89) and promoting employee job satisfaction (90–93). Participants emphasized the importance of job satisfaction and specialized care in improving self-management among older adults. A 36-year-old female caregiver (P15): “…Those who are dissatisfied and have had a negative experience in their jobs may behave in ways that transmit these negative feelings to older adults, ultimately worsening their condition.” A Female geriatric specialist stated (P5): “… To provide high-quality follow-up care and improve job satisfaction, it is necessary to design a care quality monitoring system and a promotion system for geriatric specialist caregivers”.

A 48-year-old female nurse (P12): “…Working with older adults is not easy, especially for those with MCCs. Therefore. It is crucial to focus on specialized training in older adults care”.

Health policy-making includes the health system’s approach to older adults participation (53, 69, 76, 85–87), treatment protocols (29, 40, 51, 65, 66), and insurance coverage of treatment costs (51, 88). The participants discussed the need for improved healthcare policies to improve the older adult population. A geriatric specialist (P4) said: “…Our network system is highly efficient, but for a patient-centered approach, a specific set of facilities must be clearly defined at the center, aligned with the network system. However, access points are not properly defined.” A 41-year-old male nurse (P10) said: “…The older adult patients show improvement while in the hospital, they receive training, during their stay and continue to do so after discharge. However, the main issue with our caregivers is the lack of specific instructions for older adults, which results in a lack of follow-up and instances of neglect.” A 46-year-old nurse (P8) said, “…I always recommend having a nursing home for older adults in our country. This can promote teamwork, solidarity, empathy, and harmony among the older adults as well as a sense of vitality and well-being.” A 45-year-old caregiver (P16) expressed concern, stating.”…With each incident and government decision, access to medicine and health facilities is diminishing. Medicine is becoming increasingly scarce, and I am anxious about managing my mother’s illness”.

Cultural factors include altruism in society (63, 94–97), discrimination and ageism (28, 40, 51, 57, 69, 80, 97, 98), and traditional-religious beliefs about older adults (57, 59, 99). The participants highlighted the influence of cultural factors on decision-making and self-management among older adults. A 48-year-old nurse (P8) said, “In our culture, we have a deep respect for older adults. It is important for them to make their own decisions and take care of themselves. We must assist them in any manner that they may be required. Let us make it happen.” The physiotherapist (P11) said, “…The older adults possess valuable cultural capital and have developed a culture of effective self-care.” The social worker (P9) admitted, “…When older adults are not a priority in the health system, this discrimination leads to their exclusion and a decrease in the quality of care in the future.” A 37-year-old female caregiver (P18), “…The family’s attitude towards the older adults and recognizing their value is crucial; we must cultivate a culture that values the older”.



4 Discussion

This qualitative study was conducted in Iran to identify the factors affecting self-management of older adults with MCCs. The findings revealed that self-management among older adults with MCCs was complex and interconnected. Each of these factors is discussed in this section. Gender is one of the biological variables associated with self-management. It was found that self-management tended to be higher in males (26). A study comparing self-management in women and men with MCCs; interpreted the structures of self-management as similar (55), although another study reported higher self-management among older adult women (46). Although men are more likely to receive self-management interventions, they often struggle with weaker self-management because of difficulties in seeking emotional support (38).

When self-management conflicts with the valuable aspects of men’s identity, especially their independence, they do not feel comfortable participating in self-management programs. However, when men understand support self-management, they provide and integrate it into their daily activities as are more likely to engage (38, 46). In addition to the contradictions in the findings, there is a need to improve self-management among older adult men and women (38, 45).

Self-management ability decreases with age, especially in older adults (41). The findings indicate that the level of daily activity plays a significant role in the self-management of older adults, this is supporting evidence suggesting that a decrease in activity and performance due to the older adults (42) leads to independent performance of daily tasks. Resulting in a decline in self-management. According to the experiences of the participants, older adults often feel tired. Older adults with MCCs who experience general fatigue tend to become more dependent on assistance with daily tasks, leading to a decrease in self-management (17, 28, 44).

Cognitive ability in older adults with MCCs is closely linked to self-management; therefore, managing cognitive symptoms in this population is crucial, as a poor understanding of preventive behaviors (17, 28, 40, 41), amnesia (24), memory loss (40), and dementia (27) can all contribute to a reduction in self-management. The findings emphasized that self-efficacy increases self-management; Söderlund et al. also showed that motivational components, including readiness for change, self-monitoring and goal setting, holding reinforcement meetings, feedback and problem-solving skills, self-regulation, and self-efficacy for problem-solving maintain self-management behavior. MCCs have been found in older adults (68).

Self-care ability is low in older adults with MCCs (28, 49) and self-management is high in older adults with independent self-care (27). Additionally, adherence to the self-care regime (3), sustainable behavioral changes (73), and promotion of empowerment are directly related to self-management (28), Accepting responsibility for self-care improves self-management and helps increase the quality of life of older adults (59). Chan et al.’s study has pointed to the direct relationship between empowerment and self-management (28) which helps increase the quality of life of the older adults (59). Self-monitoring of medications and conscientiousness (49) and self-management behaviors, such as proper diet, are related to self-management in older adults (72, 100).

Self-management skill is a challenge in older adults with chronic diseases, but its exact process has not been thoroughly investigated (52); about 30 self-management programs are mentioned in scientific sources, with 24 being private programs and six being public programs (89) Decreased self-management skills (51), rehabilitation (50), management of cognitive symptoms (28, 40, 41, 53), and a self-care regimen can reduce disability and improve the quality of life of older adults with MCCs (3). Older adults with MCCs often experience a decrease in self-control when it comes to diet, weight control, and exercise, which reduces self-management (72). Therefore, older adults must acquire self-management skills (28, 41). Improving problem-solving skills, health behaviors (17), and patient activity levels can increase self-management (74). Engaging in Positive health-oriented behaviors can enhance self-management (40). According to these findings, problem-solving ability is a significant factor in self-management. Evidence has shown that behaviors to adapt to disease (101), the ability to adapt to diseases (3), problem-solving skills (40, 41, 53, 101), and the belief that problem-solving ability decreases in older adults with MCCs (51) are all important factors.

low health literacy in older adults with MCCs is inversely related to self-management. Lack of knowledge about the disease leads to errors in acquiring self-management skills (60). Education has been shown to improve health treatment adherence and self-care among older adults (48, 54, 102). McGowan et al. have acknowledged that self-management training increases self-efficacy and improves treatment outcomes (56). The results highlight the importance of knowledge and awareness of self-management. However, effective knowledge and skills in caring for older adults with MCCs are limited (28). The lack of counseling and education is a significant barrier to self-management among older adults with chronic diseases (54, 55). Education (43), patient knowledge of disease management, and increased awareness (53, 67). Contribute to improved self-management, which in turn increases self-efficacy and enhances treatment outcomes (56).

Effective disease control knowledge and skills (28, 53), patient education (43, 48, 54), disease awareness (12, 31, 55–57), and health literacy levels (37); are crucial factors in promoting self-management. However, it is important to note that older adults can experience a decrease in information, potentially impacting self-management in older adults with MCCs. Therefore, health literacy education is important for patients with chronic diseases (46). Nguyen et al.’s study described reduced physical and cognitive functions; as well as health literacy (103). Byrne et al.’s research also highlighted the relationship between health literacy and mental health problems (104). Influencing the self-management of older adults with MCCs. Additionally, behavioral factors were found to have a direct impact on self-management, as demonstrated in Jarnet et al. study; on adherence to a self-care regime (73). McCabe et al., demonstrated a direct relationship between self-management and sustainable care behavior which is consistent, with previous research (44).

The findings highlight the significant role of mental health in self-management. This is particularly true for the older adult population. Mental health conditions in older adults, such as MCCs, are often associated with psychological issues (28); including increased anxiety, emotional distress (17, 66), and stress (57), which can act as barriers to effective self-management (46). Additionally, the time-consuming nature of self-management behaviors, coupled with negative emotions, fatigue, and threats to one’s identity, can impede successful self-management efforts (76).

Maintaining good mental health, coping with illness, engaging in social interactions, and communicating effectively with others can help increase participation in self-management programs (3). Sleep problems are indicated as a factor influencing self-management, as poor sleep quality can impact daily functioning (44, 77). Mental stability in older adults (74) helps increase the success of self-management programs. Self-management obstacles in older adults with MCCs are (17, 57, 86), low mood (57), and isolation and loneliness (17, 57). Older adults with mood disorders (71), anxiety, and depression (51, 71, 77) have lower self-management, and higher self-confidence is directly related to self-management (41). Decreased self-confidence and feelings of helplessness, pain, emotional distress, adaptability, management of cognitive symptoms (41, 51), and positive psychological attitude are directly related to self-management in older adults with chronic diseases (41). In the present study, substance abuse was considered to be an obstacle to effective self-management. In older adults, alcoholism, smoking, drug use, and excessive medication use hinder self-management (25, 44).

Poor understanding of preventive behaviors and negative beliefs about continuing life cause a decrease in self-management behaviors (73). Life satisfaction leads to higher self-management because suffering from MCCs is accompanied by a change in attitude towards life caused by diseases and the formation of beliefs related to diseases, which affect self-management. Stress management (52), attitudes and beliefs, disease experiences, and balance between life goals are related to self-management, and in older adults with chronic diseases, due to the time-consuming nature of self-management behaviors, such as negative, uncomfortable, boring, and sometimes threatening one’s identity are obstacles to successful self-management (40). Older adults with anxiety and depression (44, 105) have lower self-management, and higher self-confidence is directly related to self-management (53); therefore, it is suggested to strengthen positive psychological attitudes (40), which are directly related to self-management in older adults with chronic diseases (51). The findings showed that comorbid diseases has negative effects on self-management owing to complex treatment patterns. The need for re-rehospitalization, inappropriate response to treatment, the complexity of disease control and treatment, events and fluctuations in health status, and indicators of response to treatment (24) all have an impact on self-management, levels. Musculoskeletal pain is common among older adults and can hinder self-management as indicated by the findings of the present study (53).

Research has demonstrated that both acute and chronic pain in older adults can serve as predictors of self-management. Additionally reducing pain and disability can lead to an increase in self-management among older adults (27). Frailty in older adults with chronic diseases reduces their self-management abilities. Disease severity can also impact self-management, with symptoms ranging from moderate to severe outcomes, sudden relapse (32), disease progression, and high mortality risk (59) serving as predictors. Incurable diseases and the debilitating nature of chronic illnesses in older adults create challenges in disease control (21, 29). Treatment complications include disruptions to recommendations and difficulties in older adult patients agreeing to suggested treatments, which can hinder self-management and decision-making (28). Additionally, complications such as polypharmacy (59, 60), energy loss from drug consumption (59), and drug interactions (20) can further reduce self-management capabilities.

Socioeconomic factors also play a role in self-management (57) with high costs of living (75), economic restrictions (76, 77), factors such as low financial income (39), retirement, and inability to work (76, 77). Job changes can all negatively affect self-management in individuals with MCCs (56). Older adults with MCCs often face high medical expenses to maintain their health (71). Poleg et al. increased the frequency of physician visits, which directly correlated with higher treatment costs (59, 81, 106).

The promotion of self-management among older adults has been shown to reduce hospitalizations and treatment costs (18), as well as decrease emergency visits (20, 51). The key point is that individuals with chronic diseases have an increased need for home care services. Promoting self-management can help reduce the cost of care (59). Research has shown that an increase in treatment costs directly and indirectly affects self-management. Poleg et al. find that older adult with MCCs often faces high treatment costs to maintain their health (88).

Heid et al. and Chan et al. demonstrated that effective self-management can decrease the frequency of physician visits by up to 60%, especially in emergencies (29). Conversely, low levels of self-management can lead to higher treatment costs, as supported by studies conducted by Dye et al. (65), Ersek et al. (25), Elzen et al. (41), and Masters et al. (3). According to the findings, stable social support and support from friends had a statistically significant relationship with self-management. Reducing social activities (57, 67), and increasing the level of social interaction among older adults (56), and social participation (57) can impact self-management. Despite receiving disproportionate services, older adults strive to maintain their health and may face problems and needs related to the disease (54). Older adults with MCCs who have a higher quality of life tend to have better physical and mental functioning and self-management (55).

Adherence to medication regimens, self-monitoring of medications, and attention to treatment regimens for chronic diseases, can increase self-management in older adults with MCCs. Noncompliance with dietary recommendations is often linked to lower levels of self-management (51, 71), highlighting the importance of adhering to treatment regimens for chronic diseases related to self-management. Engaging in exercise (55). Maintaining an active lifestyle (55), adopting healthy behaviors (78), taking responsibility (29), making sustainable health behavior changes, being conscientious (78), enhancing adaptation skills, and adjusting lifestyle choices can all contribute to achieving self-management (40, 52) and finding a balance between self-management goals and life goals. The quality of communication with the treatment team is a factor related to treatment planning, follow-up care, and increasing self-management (106). Proper communication with specialists plays an effective role in implementing self-management programs, increasing the satisfaction of older adults, and improving their self-management (17, 67, 82).

Favorable therapeutic communication with physicians and specialists (17) increases self-management, whereas low levels of counseling and poor communication with physicians (17, 25, 57) decrease self-management. A positive therapeutic relationship between the physician and patient has a significant effect on self-efficacy and behavioral outcomes in people with chronic diseases (55); the quality of communication with other members of the treatment team including increasing support from the health team, and communication training with the health team (81), enhances self-management, and Poor communication with other treatment personnel, such as physiotherapists, psychologists, and occupational therapists, acts as an obstacle to self-management (82).

Poor communication with nurses (80, 82) and unfavorable team participation (57) had negative effects on the self-management outcomes of older adults with MCC. The optimal support provided by nurses for older adults and their families (28, 68) is directly related to self-management. Older adults trust formal caregivers and health service providers (76) along with a sense of security (51) ensures improved self-management. Additionally, a low level of trust prevents older adults from accepting the proposed treatment (73, 97). Dongbo et al. showed that increasing the support of health service providers improves the health status of older adults with MCC and reduces their disability (53). Sunert et al. showed that the initial trust of older adults in health service providers is related to the promotion of self-management (76). The findings highlight the impact of professional competence among health team members on self-management. Skilled personnel can assist older adults in better adaptation, diagnosing problems and educational needs (40, 64), planning and decision-making based on the situation of older adults, and counseling (28, 53), all of which contribute to improving self-management. Conversely, the lack of knowledge to enhance care and the failure of personnel to utilize specialized knowledge of geriatrics (30, 43) are negative factors that hinder self-management. Therefore, health and treatment systems require a proficient workforce to address these challenges.

Family caregivers’ skills in chronic disease management (83); and the conscious participation of family members in care (3, 61) increase self-management. Older adults living alone (57) and those with low family support (73) have decreased self-management. Effective communication with a spouse increases self-management, and proper adaptation to the disease improves self-efficacy. The family’s assurance of proper care (30), mutual support among family members and older adults (28, 68), age of the caregiver, and family participation are important in the self-management program for older adults (49). The results showed that family support and communication with friends and medical personnel are directly related to self-management. Masters et al. acknowledged that effective communication with spouses and family support increases self-management, promotes proper adaptation to the disease, and enhance self-efficacy. Caregiver age and family involvement are important factors in older adult self-management programs (3). Barriers to accessing resources, services, and specialized healthcare centers (48, 61), as well as difficulties in contacting service providers (61), hinder the utilization of beneficial treatment and impede self-management (48).

Providing telephone answering services for older adults (61), the successful use of patient-specific programs (76), successful implementation of patient-specific programs, and tailoring standard care programs to meet the needs of older adults with MCCs are feasible and cost-effective solutions (61). This cost-effectiveness will not only enhance self-management but also help control the risk factors associated with chronic diseases. Additionally, targeted monitoring of effective care (53), telephone monitoring of care programs for older adults (85), implementation of follow-up care programs at treatment centers for older adulthood (69, 87), and the development and strengthening of care services for older adults (79) are essential components in establishing a comprehensive care system. By focusing on chronic diseases and promoting a team approach to comprehensive care (88), a suitable platform was provided for the successful implementation of self-management programs. The use of information technology centers in controlling caring for; and treating chronic diseases, as well as utilizing sensor devices in web-based self-monitoring of care programs and developing technology centers to serve older adults (85), all play a crucial role in facilitating the diagnosis, treatment, and care of older adults affected by MCCs, ultimately enhancing the quality of their care. Reducing the budget for the purchase of equipment for equipment purchase relationship centers for older adults and the lack of diagnostic and laboratory facilities (88) indirectly impacts the self-management abilities of older adults.

Based on these findings, empowering care workers for older adults is crucial for promoting self-management. One obstacle to promoting self-management among older adults with MCCs is the shortage of human resources and insufficiently trained personnel. This results in limited educational opportunities (30, 89). MCCs are characterized by a shortage of human resources and insufficiently trained personnel. This results in limited educational opportunities (43, 61, 102), regular visits (30), effective communication, and the implementation of special self-management programs for older adults (17, 30). Therefore, it is essential to train specialized personnel in geriatrics, improve the skills of employees the skills of employees in older adult care, and utilize modern methods to train geriatric specialists (89). The job satisfaction of personnel is directly related to the promotion of self-management empowerment among older adulthood and the overall improvement in the quality of care. Management structures that provide a promotion system for older adult care personnel and their participation in decision-making have been found to increase self-management (93).

The study also highlighted the importance of health policy-making and the health system’s approach to involving older adults in decision-making at the national level. There is a growing need for a comprehensive and integrated care system as well as a systemic approach to providing comprehensive care (88). To effectively implement programs for older adults’ participation in care (76), it is essential to establish a standard care program and focus on older adults with MCCs within healthcare organizations. Innovation in monitoring and providing necessary care for older adults is also crucial (76, 86). Current treatment guidelines in this area are inadequate and action in national policy-making is necessary (76). policy-makers should be educated on the importance of self-management for chronic patients (85), standardized care levels (40, 51), upgrading facility resources (66, 86), and ensuring sustainable financial support for the older adults support system (29, 65) have also been recommended. Implementing a regular monitoring approach during patient care can empower patients by increasing their knowledge of their existing conditions; and enhancing their interactions with healthcare providers. Organizational supervision provides a suitable platform for the successful implementation of self-management programs. Studies by Liu et al. and Söderlund et al. showed that the lack of regular follow-up care and treatment (68, 97) is a significant obstacle to promoting self-management. Baylis et al. identified limited access to healthcare resources (66) while Joo et al. highlighted confusion in contacting service providers as an important barrier to implementing self-management among older adults with chronic diseases (24). Additionally, Liu et al. demonstrated that complications of that treatment complications can lead to disruptions in recommendations and difficulties in agreeing with proposed treatment plans. Self-management strategies and decision-making processes for older adults with chronic diseases (97).

Caring for older adults with MCCs poses a challenge to policymakers. Limited resources, a lack of specialized human resources, insurance issues, and restricted access to healthcare services are some of the primary obstacles in the field of policymaking. Jarnet et al. highlighted the lack of insurance coverage (73), while Boyd et al. point out that the absence of formal training programs for personnel and low levels of access to medical and care services as factors hindering self-management in older adults with MCC (79). This study also revealed that cultural factors play a significant role in the self-management of older adults. Older adults are viewed as cultural assets (95) and use media platforms to promote their dignity (76), thus supporting the development of cultural services and bases for older adult’s care (95).

Embracing a positive cultural perspective on caring for older adults (97) emerged as a crucial predictor of self-management in this demographic. Ultimately, there are positive cultural beliefs. Values surrounding older adults’ care greatly (97) influence self-management practices. A positive attitude towards older adults reduces the impact of diseases and promotes self-management. Conversely, a negative attitude towards older adult care leads to a decline in the quality of care, decreased motivation for treatment, and increased mortality rates (98). Indifference towards older adults (53, 69) hinders self-management while insulting behaviors and negative attitudes prevent participation in decision-making. Lower self-esteem and impeded effective self-management; marginalization and rejection reduces social roles (80) and self-management. Chan et al. (28) highlight the negative effects of rejection and marginalization on self-management and social isolation. Richardson et al.’s findings indicate a decrease in family roles and self-management among older adults (80).

Cultural beliefs play a significant role in older adults. Various organizations, including municipalities, utilize the capacities of the media to promote the dignity of older adults (76) and support the development of cultural services for them (95). Retirees should consider participating in cultural and social programs. Traditional approaches to health, viewing caring for older adults as a natural family responsibility, and relatives’ adherence to traditions and beliefs are closely linked to self-management in older adults with MCCs. The study’s findings suggest that altruism within society is connected to the enhancement of self-management skills. A culture of altruism in society can increase dignity, adaptability, and self-management (63, 94, 95, 97).

Delphi’s findings confirmed a set of factors related to self-management that resulted from an integrated literature review and qualitative interviews and added four additional variables: individual knowledge, cost of care, complex treatment patterns, use of self-management program due to integration with other variables, and disease severity.


4.1 Limitations

One limitation of the current study was the language restriction in selecting primary studies, which was confined to the English and Persian languages. However, this study has several strengths, such as a specific study design that integrates existing quantitative and qualitative evidence of the incorporation of experts, older adults, and family caregiver experience, and the use of the Delphi technique, which enhances the credibility of the study. It also considered various aspects to understand the multidimensional phenomenon of self-management comprehensively.




5 Conclusion

Self-management is considered a cornerstone of chronic disease care and the initial step in providing patients with the information they need to care for their health. MCCs’ self-management has been defined as the ongoing process of facilitating the knowledge, skill, and ability necessary for MCCs’ self-care. This process incorporates the needs, goals, and life experiences of a person with MCCs, and is guided by empirical evidence. The overall objectives of self-management are to support informed decision-making, self-care behaviors, problem-solving, and active collaboration with the healthcare team; and to improve clinical outcomes, health status, and quality of life.

The findings indicate that the level of self-management in older adults with MCCs is unfavorable. Given the growing older adult population, it is crucial to identify factors related to self-management to develop specialized models and interventions to maintain and improve health. Self-management in older adults is influenced by various factors, including older adults, their families, caregivers, disease complications, the healthcare system, society, culture, and politics. Therefore, a comprehensive approach is necessary when designing interventions and services for this population. It is expected that the application of the findings of this research in the clinical and policy-making of health systems will have positive consequences. According to the present results, a future line of research can expand the sample to include older adulthood population suffering from various diseases and chronic syndromes. The expansion of study variables that can predict self-management and may not be considered in this study should be considered in future studies. It is also recommended that the evaluation of some variables related to self-management, such as frailty, should be performed through biometric measurement methods and not only through self-administered questionnaires.

The theoretical implications of this study will help strengthen the existing primary scientific evidence on physical, cultural, psychological, and social predictors of self-management in older adulthood with MCCs because the results of this project are the most up-to-date local evidence on variables related to self-management in older adulthood. In this regard, this project can help to address issues related to the production of a self-management predictive model of older adulthood with MCCs visible in the scientific community. In addition, the results of this study may help Geriatric specialists to better diagnose the factors affecting the self-management of older adulthood under treatment and care and help improve the quality of life of older adulthood.

In terms of practical implications, these results can serve as evidence for geriatric health decision-makers in developing clinical programs to examine predictors of self-management. On the other hand, it is possible to propose strategies to promote healthy aging based on the promotion of variables that are recognized as predictors of low self-management. In particular, the study methodology can be repeated, and as a result, these results can be confirmed in other older adult populations, in other environments with different barriers and facilitators of self-management, and in improving prevention and intervention variables. The strengths of this study, in addition to the fact that it was conducted for the first time in Iran, is its multi-stage methodology.
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Background: Self-efficacy and health literacy are closely related to the quality of life in patients with chronic diseases; however, it remains unclear whether their combined effects on the quality of life (QoL) in these patients operate through mediation, interaction, or a combination of both.
Methods: The research occurred in China between July 10 and September 15, 2021. A multi-stage random sampling technique was utilized to gather information on self-efficacy, health literacy, and QoL among individuals with chronic diseases. Linear regression models investigated the relationships between these patients’ self-efficacy, health literacy, and QoL. Additionally, the four-way decomposition method was used to decompose the overall effects of self-efficacy and health literacy on the QoL in patients with chronic diseases.
Results: Significant correlations were found between self-efficacy, health literacy, and QoL among individuals with chronic diseases (all p < 0.05). In the four-way decomposition results, the results of the European Quality of Life Five Dimension Five Level (EQ-5D-5L) displayed the interaction effects mediated by self-efficacy, and the reference interaction effects were not significant, with small effect sizes observed. The influence of health literacy levels on the QoL in these patients was primarily attributed to the controlled direct effect (CDE), accounting for approximately 86.12% [excess relative risk = 0.00415; 95% CI: 0.00326, 0.00504; p < 0.0001]. The proportion solely attributable to the pure indirect effect (PIE) of self-efficacy was 14.5% [excess relative risk = 0.0007; 95% CI: 0.00031, 0.00109; p < 0.0001]. In the EQ visual analog scale (EQ-VAS) results, the proportion of the controlled direct effect was 84.9% [excess relative risk = 0.62443; 95% CI: 0.52269, 0.72618; p < 0.0001], while the proportion solely attributable to the pure indirect effect of mediation was 14.8% [excess relative risk = 0.10876; 95% CI: 0.06409, 0.15344; p < 0.0001].
Conclusion: Self-efficacy and health literacy primarily influence QoL in patients with chronic diseases through controlled and pure indirect effects. Enhancing patients’ health literacy and self-efficacy can contribute to improving their QoL.
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1 Introduction

Chronic non-communicable diseases (NCDs), abbreviated as chronic diseases, are complex conditions caused by various factors, including physiological abnormalities, genetic predisposition, environmental influences, and personal behaviors, rendering them particularly challenging to address comprehensively. Common NCDs encompass cardiovascular diseases (such as heart disease and stroke), chronic respiratory diseases (like chronic obstructive pulmonary disease), diabetes (type 1 and type 2), and cancers (a variety of diseases characterized by abnormal cell growth) (1). The global impact of non-communicable diseases is staggering, with approximately 74% of global deaths attributed to NCDs each year (1). It is projected that by 2030, NCDs will surpass infectious diseases to become the leading cause of global mortality. In China, the burden of NCDs has dramatically increased over the past 20 years, manifesting as continuous rises in incidence, disability rates, and mortality rates. The National Health Services Survey Report on the Sixth National Health Services Statistics shows that major NCDs such as cardiovascular diseases, diabetes, and cancer account for over 90% of China’s disease-related economic burden. The prevalence of NCDs among the Chinese population aged 55 to 64 is 48.4%, while it reaches 62.3% among those aged 65 and above (2). In May 2022, during the 75th World Health Assembly, the World Health Organization (WHO) announced ambitious goals for preventing and controlling NCDs. These objectives aim to inspire international action and mobilize resources to alleviate the impact of non-communicable diseases on global health and well-being (3).

Quality of Life (QoL) is a complex concept that incorporates an individual’s holistic perception of their living conditions, comprising aspects such as physical health, mental well-being, social connections, and personal satisfaction. It is a subjective assessment of one’s satisfaction and contentment with one’s life, considering one’s desires, values, and cultural background (4, 5). NCDs are characterized by insidious onset, long disease duration, and disease recurrence. The long-term recurrence and continuous drug treatment of NCDs not only significantly impact patients’ physical and mental well-being but also elevate the caregiving responsibilities of patients, their families, and society at large. Faced with incurable NCDs, patients May experience feelings of powerlessness and negativity, leading to reduced treatment compliance and effectiveness, thereby seriously compromising their daily life quality. International research has demonstrated that chronic conditions such as stroke (6) and hypertension (7) adversely affect patients’ physiological function and mental health. Martins et al. (8) found that NCDs patients with sleep disorders exhibited issues such as daytime sleepiness, decreased physical health, and an increased risk of cognitive impairment, with their QoL being significantly lower than that of healthy older adults. In the United States, cardiovascular diseases, cancer, chronic respiratory diseases, and diabetes—referred to as the “Big Four” non-communicable diseases—are prominent factors influencing both morbidity and mortality rates. These conditions pose significant health risks and profoundly impact patients’ ability to manage their daily lives. The complex treatment regimens, potential complications, and lifestyle changes associated with these diseases can severely impair patients’ self-care abilities and overall quality of life. This underscores the critical necessity for implementing comprehensive strategies to address the multifaceted challenges of non-communicable diseases (9).

Health literacy entails obtaining, comprehending, assessing, and utilizing health-related information and services to make informed decisions that promote personal health, incorporating cognitive abilities and social skills (10). Existing studies (11–14) indicate that individuals with lower health literacy often experience poorer health outcomes, including increased healthcare expenditures, higher hospitalization, and mortality rates. Approximately 39% of the global population is estimated to have insufficient health literacy (15), with only 12% possessing high health literacy levels in the United States, 47.6% in Europe, and over half in Canada (16–18). The 2021 China Health Literacy Survey reveals that a quarter of Chinese residents, totaling 25.40%, demonstrate health literacy (19), significantly lower than that of other countries. The importance of health literacy becomes even more pronounced in the context of chronic disease management. NCDs require ongoing self-management and adherence to complex treatment regimens, underscoring the pivotal role of health literacy in ensuring effective disease management and enhancing the quality of life for patients. Elevated health literacy enables individuals to comprehend their conditions, interact proficiently with healthcare professionals, and make informed choices regarding their health. Consequently, higher levels of health literacy May substantially improve health outcomes and enrich the quality of life for individuals grappling with NCDs.

Self-efficacy, a pivotal positive psychological construct, denotes an individual’s confidence in their capacity to accomplish specific behavioral objectives within a given domain (20). This construct is considered instrumental in enhancing the life quality of individuals afflicted with chronic conditions (21). Empirical evidence suggests that individuals with rheumatoid arthritis who possess elevated levels of self-efficacy are less susceptible to psychological distress, thereby correlating with an enhanced life quality (22). Wang et al. demonstrated that targeted interventions aimed at bolstering self-efficacy in individuals with hepatitis B can markedly elevate their life quality (21). Furthermore, Tattersall et al. emphasized the imperative of augmenting patients’ confidence and self-efficacy, thereby promoting autonomous decision-making and the application of personal knowledge and skills in the management of NCDs (23).

Given the large patient population, high mortality rates, and heavy disease burden associated with NCDs, improving patient QoL has become a significant issue for scholars and a subject worthy of perpetual exploration (24). Research has established a correlation between health literacy, self-efficacy, and the life quality of those with chronic conditions (25). Usser et al. have delineated a link between health literacy and self-efficacy, noting that individuals with greater health literacy exhibit higher levels of self-efficacy (26). This self-efficacy can direct health behaviors, potentially managing or decelerating the emergence or progression of diseases, thereby indirectly ameliorating the life quality of patients (20). However, these studies have yet to consider multiple factors simultaneously, and each factor’s synergistic effects, magnitudes, and underlying mechanisms on the QoL still need to be clarified.

The purpose of this nationally representative survey is to investigate the correlation between health literacy, self-efficacy, and the QoL among patients with NCDs. This study aims to establish a theoretical foundation for enhancing the well-being of NCDs patients in China.



2 Methods


2.1 Study design and participants

This study collected data from a cross-sectional survey conducted nationwide in China from July 10 to September 15, 2021. The survey covered 120 cities across 23 provinces in mainland China and utilized data from the “Seventh National Population Census of 2021.” Stratified random sampling was employed based on age, gender, and urban–rural distribution to select the target population. The survey team was comprised of publicly recruited and trained investigators or survey groups with no more than 10 members. Each investigator collected 30 to 90 questionnaires, while each group handled 100 to 200 questionnaires. Questionnaires were distributed face-to-face to residents using the Wen Juan Xing platform (https://www.wjx.cn/).A total of 11,031 individuals participated and completed the electronic questionnaire. The primary subjects of this study were patients with NCDs in China. Participants who responded affirmatively to question 29, “Have you ever been diagnosed by a doctor with any of the following NCDs?” were included in the study, excluding those who selected “None.” The NCDs referenced in question 29 encompassed fractures, cataracts, osteoporosis, arthritis, and other ailments. Two researchers performed consecutive logic checks and questionnaire screenings according to the predetermined screening criteria. Questionnaires failing to meet the following criteria were excluded (1): completion time less than 240 s (2); logical errors in responses (3); incomplete questionnaires (4); duplicate questionnaires (5); identical responses to reverse questions in scales. Ultimately, 2,025 questionnaires were confirmed valid, with male participants accounting for 52.4% (1,061 individuals).



2.2 Health literacy

This study utilized the Health Literacy Scale Short Form (HLS-SF12), developed by Duong TV et al. in 2019 (25), to assess health literacy. The HLS-SF12 encompasses three domains: healthcare, disease prevention, and health promotion, and evaluates participants’ health literacy levels through self-reporting. The scale employs a Likert scale (1 = very difficult, 2 = difficult, 3 = easy, 4 = very easy) to measure the perceived difficulty of each item. Scores on the HLS-SF12 range from 12 to 48, where higher scores denote higher health literacy levels. In this study, the Cronbach’s alpha coefficient for the scale was computed as 0.937, indicating strong reliability and validity (26).



2.3 Self–efficacy

This study utilized the New General Self-Efficacy Scale (NGSES), developed by Chen et al., to measure patients’ self-efficacy (27). The scale comprises eight items, with respondents rating each item on a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The total score ranges from 8 to 40, with higher scores indicating stronger self-efficacy among patients. In this study, the Cronbach’s alpha coefficient for the scale was calculated to be 0.904, indicating high reliability.



2.4 Quality of life

This study utilized the European Quality of Life Five Dimension Five Level (EQ-5D-5L), developed by the Euro Qol Group (27), to evaluate the participants’ quality of life. The EQ-5D-5L comprises a concise self-report system questionnaire (EQ-5D) and a visual analog scale (EQ-VAS). The scale assesses five dimensions: mobility (MO), self-care (SC), usual activities (UA), pain/discomfort (PD), and anxiety/depression (AD). Respondents rated their health issues on a five-point scale within each dimension: “no problems (1)”, “slight problems (2)”, “moderate problems (3)”, “severe problems (4)”, and “extreme problems (5)” (28, 29). A composite numerical score was generated by aggregating the values across these five dimensions to depict the respondent’s health status, with “11111” and “55555” denoting the “best health state” and “worst health state, “respectively. The EQ-5D-5L values tailored for the Chinese population were employed for statistical analysis to translate the EQ-5D states into corresponding scores[^34^]. Furthermore, the EQ-VAS served as a tool for participants to self-assess their overall health status by selecting a number between 0 and 100 to represent their current health condition (27). The Cronbach’s alpha coefficient of EQ-5D-5L scale is 0.857 (30), this scale has demonstrated sufficient reliability and validity (29, 31).



2.5 Covariates

We included the following covariates, which were theoretically associated with participants’ health status: gender (Male/Female), age (Age group), area of residence (Rural/Urban), type of hukou (Agricultural, Non-agricultural), religious belief (Yes/No), education level (No formal education, Junior high school and below, High school, Collage, Master or above), work status (No fixed occupation, Retirement, Students), ethnicity (Han Chinese, Other), marital status (Unmarried, Married, Divorced, Widowed), family type (Core family, Intergenerational family, joint family, Married family, Other families, Single parent families, Trunk family), number of children (Childless, 1, 2, ≥3), monthly income (≤ 3000, 3001–6000, 6001–9000, >9000), type of medical insurance (Commercial health insurance, self-paying, resident medical insurance, employee medical insurance, Public expense), disability (Yes/No), number of chronic diseases (1, 2, ≥3), number of medications taken (No, 1, 2, ≥3), alcohol consumption (Yes/No), Smoking (Never, Quit Smoking, Smoking), and body mass index (BMI).



2.6 Statistical analysis

We performed analyses using Stata 17.0 and R 4.3.3. Categorical variables were expressed as frequencies and percentages (%), while continuous variables were presented as means and standard deviations (SD). Linear regression models were employed to estimate odds ratios with 95% confidence intervals (CI) and to explore the relationships between self-efficacy, health literacy, and QoL in Chinese patients with NCDs. Model 1 remained unadjusted for potential covariates. Model 2 included adjustments for gender, age, ethnicity, family type, area of residence, hukou type, religious belief, monthly income, education level, marital status, number of children, work status, and insurance type. Model 3, an extension of Model 2, further adjusted for patients’ disability status, medication use, Smoking, and alcohol consumption. Additionally, we employed the “med4way” Stata command to conduct a four-way decomposition analysis (32), probing the interactive and mediating impacts of self-efficacy on the correlation between health literacy and QoL in Chinese patients with NCDs. The overall impact of exposure on the outcome was subdivided into four distinct components: (1) Controlled Direct Effect (CDE): the direct impact of health literacy on QoL among chronic patients, without considering the mediating role of self-efficacy and the interaction between health literacy and self-efficacy; (2) Reference Interaction Effect (INTref): the influence of health literacy on patients’ QoL due to the mediating role of self-efficacy and the interaction between health literacy and self-efficacy; (3) Mediated Interaction Effect (INTmed): the effect of health literacy on patients’ QoL mediated by self-efficacy and the interaction between health literacy and self-efficacy; (4) Pure Indirect Effect (PIE): the impact of health literacy on QoL in chronic patients solely mediated by self-efficacy (Figure 1). We utilized 1000 bootstrap resampling iterations to compute bias-corrected 95% confidence intervals. An interval that does not include zero signifies a statistically significant effect.

[image: Four diagrams illustrate effects on quality of life. The controlled direct effect (CDE) and reference interaction effect (INTref) diagrams show pathways from health literacy to quality of life, mediated by self-efficacy. The mediated interaction effect (INTmed) includes additional interaction terms, while the pure indirect effect (PIE) highlights the indirect path through self-efficacy, excluding direct paths. Arrows indicate the direction of the relationships.]

FIGURE 1
 Causal diagram representing 4-way decomposition of the relationship between self-efficacy and health literacy and QoL in patients with chronic diseases.





3 Results


3.1 Sample characteristics

Table 1 presents the self-reported sociodemographic characteristics of patients with NCDs. A total of 2,025 subjects participated in this study. Patients aged 45–60 and those older than 60 represented a more significant proportion, accounting for 34.5 and 35.2%, respectively. Regarding gender distribution, male patients outnumbered females, constituting 52.4% (1,061 individuals). Among the patients with NCDs, 70.7% (1,431) had a single chronic condition, while 29.3% (594) had two or more comorbidities. Regarding medication, 31.3% (634) of the patients with NCDs had not initiated relevant treatments. Additionally, approximately 33.3% of the respondents reported an average monthly income below RMB 3,000 (approximately US$417.63), and over half of the participants had a monthly income ranging from RMB 3,000 to RMB 9,000 (approximately US$417.63 to US$1,252.89).



TABLE 1 Sample characteristics (N = 2025).
[image: A table presenting various characteristics of a sample population of 2,025 individuals. It includes demographic details like gender (47.6% female, 52.4% male), age groups, residence (urban 70.7%, rural 29.3%), family type, chronic diseases, monthly income, health insurance coverage, race (93.8% Han Chinese), education levels, marital status, number of children, nature accounts, career status, disability status, smoking and drinking habits, and scores for BMI, EQ VAS, Score EQ, NGSES, and HLS-SF12. Percentages and counts are provided for each characteristic.]



3.2 Descriptive results of self–efficacy, health literacy, and quality of life in patients with chronic diseases

The surveyed participants demonstrated a relatively high level of health literacy, with a mean score of 31.58 (SD = 8.06; range: 12–48). Additionally, participants exhibited high levels of self-efficacy, with a mean score of 28.29 (SD = 5.26; range: 8–40). Regarding QoL indicators, the EQ-5D-5L indicated a high level of QoL among participants, with a mean score of 0.89 (SD = 0.16; range: −0.391-1.000) (Table 1).



3.3 The associations between health literacy and quality of life in patients with chronic diseases

The results from the linear regression model examining the association between health literacy and QoL in patients with NCDs are presented in Table 2. The EQ-5D questionnaire results revealed a positive correlation between health literacy and QoL in patients with NCDs in the original model [β (95%CI): 0.006 (0.005, 0.007), p < 0.0001]. This correlation persisted across the Q1-Q4 quartiles. After adjusting for sociodemographic variables (Model 2) and NCDs and physical conditions (Model 3), the positive relationship between health literacy and QoL remained significant [Model 2: β (95%CI): 0.006 (0.005, 0.007), p < 0.0001; Model 3: β (95%CI): 0.005 (0.004, 0.006), p < 0.0001]. In the EQ-VAS visual analog scale results, a positive correlation was observed between health literacy and EQ-VAS values across all three models [Model 1: β (95%CI): 0.835 (0.744, 0.926), p < 0.0001; Model 2: β (95%CI): 0.799 (0.709, 0.890), p < 0.0001; Model 3: β (95%CI): 0.735 (0.643, 0.826), p < 0.0001]. This correlation remained consistent across the Q1-Q4 quartiles.



TABLE 2 The relationship between self-efficacy, health literacy, and QoL of patients with chronic diseases.
[image: A table comparing EQ-5D and EQ-VAS models with health survey scores. It includes columns for Model 1, Model 2, and Model 3 under each assessment type, showing 95% confidence intervals (CI) and p-values. Categories include HLS-SF12 and NGSES, with rows labeled Q1 to Q4 and a "P for trend" row. Notes include BMI and model adjustment factors.]



3.4 The associations between self–efficacy and quality of life in patients with chronic diseases

Table 2 presents the linear regression model examining the relationship between self-efficacy and QoL in patients with NCDs. The EQ-5D questionnaire results indicate a positive correlation between self-efficacy and QoL across the three models [Model1: β (95% CI) = 0.006 (0.005, 0.007), p < 0.0001; Model2: β (95% CI) = 0.006 (0.004, 0.007), p < 0.0001; Model3: β (95% CI) = 0.005 (0.004, 0.007), p < 0.0001]. This correlation persisted across quartiles (Q1-Q4). In the EQ-VAS visual analog scale results, health literacy and EQ-VAS values were positively correlated across the three models [Model1: β (95% CI) = 0.880 (0.735, 0.890), p < 0.0001; Model2: β (95% CI) = 0.814 (0.670, 0.959), p < 0.0001; Model3: β (95% CI) = 0.778 (0.636, 0.919), p < 0.0001]. This correlation was consistently significant across self-efficacy quartiles (Q1-Q4).Additionally, restricted cubic spline (RCS) analysis revealed a significant nonlinear association between self-efficacy and QoL among patients with NCDs (p < 0.001, refer to Figures 2A–D). These results indicate a positive correlation between self-efficacy and health literacy with the QoL in patients grappling with NCDs, and this association is statistically significant.

[image: Four graphs labeled A, B, C, and D display relationships with shaded confidence intervals. Graphs A and B plot "Score_HLS_SF12" against beta coefficients, showing an upward trend. Graphs C and D plot "Score_NGSES" against beta coefficients, also showing an upward trend. All graphs indicate significant overall and nonlinear p-values less than 0.001.]

FIGURE 2
 Self-Efficacy and Health Literacy in patients with chronic diseases were nonlinearly associated with QoL The relationship between health literacy and quality of life is shown in figures (A) (EQ-5D-5L) and (B) (EQ-VAS), and the nonlinear relationship between Self-Efficacy and QoL life is shown in figures (C) (EQ-5D) and (D) (EQ-VAS). Score HLS-SF12, health literacy score; Score_NGSEES, self-efficacy score; CI, confidence interval.


These findings highlight the potential significance of self-efficacy in improving QoL for individuals with NCDs. Therefore, improving patients’ self-efficacy should be a priority in chronic disease management.



3.5 Based on the four-way decomposition method, the effects of self-efficacy and health literacy on the quality of life of patients with chronic diseases were analyzed

Table 3 presents the results of the four-way decomposition analysis examining the effects of self-efficacy and health literacy on the QoL in Chinese chronic disease patients. We found that the total effect and pure indirect effect were statistically significant. However, neither the interaction mediated by self-efficacy nor the reference interaction effects were significant, and the effect sizes were small. The results from the EQ-5D questionnaire indicate that approximately 86.12% of the impact of health literacy level on the QoL in chronic disease patients is attributable to direct effects [excess relative risk = 0.00415; 95% CI: 0.00326, 0.00504; p < 0.0001]. The proportion of the reference interaction effect (INTref) of self-efficacy between health literacy and QoL is 0.6% [excess relative risk = 0.00003; 95% CI: −0.00002, 0.00008; p = 0.197]. Mediated by self-efficacy, the proportion of the reference interaction effect (INTmed) is −1.3% [excess relative risk = −0.00007; 95% CI: −0.00010, −0.00003; p < 0.0001], suggesting that the association between health literacy and QoL May be weakened to some extent in patients with NCDs. The proportion of pure indirect effects (PIE) attributed solely to self-efficacy was 14.5% [excess relative risk = 0.0007; 95% CI: 0.00031, 0.00109; p < 0.0001]. In the EQ-VAS visual analog scale results, the proportion of controlled direct effects (CDE) not attributable to mediators or interactions was 84.9% [excess relative risk = 0.62443; 95% CI: 0.52269, 0.72618; p < 0.0001]. The proportion of reference interaction effect (INTref) attributable solely to interaction was 0.5% [excess relative risk = 0.00390; 95% CI: −0.00507, 0.1287; p = 0.394]. The proportion of mediated interaction effects (INTmed) due to mediators and interaction effects was −0.2% [excess relative risk = −0.00151; 95% CI: −0.00497, 0.00194; p = 0.391]. The proportion of pure indirect effects (PIE) attributed solely to intermediaries was 14.8% [excess relative risk = 0.10876; 95% CI: 0.06409, 0.15344; p < 0.0001]. In summary, the total and pure indirect effects were statistically significant. However, both the interaction mediated by self-efficacy and the reference interaction were insignificant and had negligible effect sizes.



TABLE 3 Proportions of the effect of health literacy on QoL of patients with chronic diseases due to mediation and interaction with self-efficacy.
[image: Table comparing two scores, EQ and EQ-VAS, across different effects: CDE, INTref, INTmed, PIE, and Total effect. It presents excess relative risk with 95% confidence intervals, P-values, and proportion attributable percentages. Notable values include a high proportion attributable to CDE under EQ, and PIE under both scores. Adjustments made for demographic and lifestyle factors are noted below the table.]

These findings shed light on the potential mechanisms through which self-efficacy and health literacy May improve the QoL in patients with NCDs. They also provide empirical evidence supporting the development of targeted intervention measures.




4 Discussion

The relationship between health literacy, self-efficacy, and the QoL in patients with NCDs has increasingly garnered research attention. However, the specific mechanisms by which these factors influence QoL still need to be understood, warranting further exploration. Drawing from a large, representative sample of Chinese patients with NCDs, this study arrives at the following conclusions: Utilizing a linear regression model, we found that self-efficacy and health literacy are positively associated with the QoL in patients with NCDs, even after adjusting for confounding factors. Additionally, four-way decomposition analysis indicated that the positive impact of health literacy on QoL predominantly manifests through the control direct effect (CDE), as evidenced by both EQ-5D and EQ-VAS visual scores. Interestingly, self-efficacy did not exhibit a significant interactive mediating effect between health literacy and QoL; its impact was not statistically significant. Moreover, changes in the QoL among patients with NCDs were not influenced by the interaction between health literacy and self-efficacy. As a mediating factor, self-efficacy contributed 14.5 and 14.8% to the total effect on QoL in EQ-5D and EQ-VAS scores, respectively.

These insights offer a novel perspective on self-efficacy and health literacy’s independent and combined roles in influencing QoL among patients with NCDs. They also suggest potential avenues for targeted intervention strategies in the future.


4.1 The relationship between the health literacy level of patients with chronic diseases and their quality of life

Individuals with high health literacy can autonomously adopt beneficial lifestyles and behavioral habits to enhance their health. In contrast, those with lower health literacy often experience adverse health outcomes, including reduced disease management capabilities, increased mortality rates, and higher hospitalization rates compared to their counterparts with higher health literacy (32, 33). Research by Matsuoka et al. indicated that patients with heart failure lacking health literacy-related knowledge demonstrate suboptimal self-care practices and adherence to health behaviors, placing them at elevated risk for recurrent hospitalizations due to unstable conditions (34, 35). A meta-analysis conducted by Fabbri et al. (36) further corroborated these findings, revealing that patients with heart failure who have low health literacy have a 1.19 times higher risk of mortality and a 1.17 times higher risk of hospitalization compared to those with higher health literacy. Moreover, Marciano et al.’s study (33) on the health literacy of patients with diabetes highlighted the pivotal role of health literacy in enhancing patients’ understanding of diabetes-related knowledge. Compared to their counterparts lacking health literacy, patients with adequate health literacy demonstrate better blood sugar control, reduced risk of complications, and improved prognosis. This improvement May stem from their enhanced comprehension of medical information and heightened motivation to engage in disease management actively.

Patients with higher health literacy will have enhanced self-discipline and be more active in self-management (37). Therefore, when in contact with medical staff, it is easier to digest and absorb this knowledge after receiving appropriate health guidance so that you can adequately self-care and care for some adverse symptoms. Relevant studies have shown that patients with NCDs who possess higher health literacy levels tend to experience lower levels of anxiety, depression, and other negative emotions. Conversely, there is a positive association between higher health literacy and improved QoL for these patients (38, 39). Simultaneously, individuals with adequate health literacy are better equipped to utilize the available social support network and access material and psychological assistance. This enables them to cope with their illness more effectively. Therefore, in treating and managing patients with NCDs, healthcare providers should understand the relevant factors that affect patients’ health literacy and carry out targeted intervention measures based on these factors to continuously improve their health literacy.



4.2 The relationship between self-efficacy and quality of life in patients with chronic diseases

Self-efficacy is a pivotal determinant in the onset and progression of diseases, as it directs individuals toward adopting healthy behaviors. It significantly influences patients’ emotional well-being, psychosocial adjustment, and overall QoL (20, 40). Theoretical frameworks for chronic disease management indicate that self-efficacy predicts health behaviors and coping mechanisms among chronic patients, including their behavioral resilience and stress management capabilities. Individuals with elevated self-efficacy are more likely to sustain and enhance their current health-related life status (41, 42). A study by Wang et al. (43) demonstrated a positive correlation between the self-efficacy of old adult with arteriosclerotic occlusive disease and their QoL, particularly in the context of empathetic nursing’s impact on life quality and treatment adherence among the old adult post-cerebral infarction.

The findings of this study underscore the significant influence of self-efficacy on the QoL among patients with chronic illnesses. Elevated self-efficacy in these patients correlates with a higher QoL, and it has been established as a positive predictor of life quality (p < 0.05), aligning with domestic and international research. A randomized controlled trial involving patients with chronic kidney disease demonstrated that health interventions can enhance their self-efficacy, improving their self-management capabilities and life quality (44). A cross-sectional survey of 130 Chinese patients undergoing maintenance hemodialysis revealed that those with lower self-efficacy were more susceptible to blood pressure variability and associated complications (45). Studies have consistently indicated that patients with lower self-efficacy scores tend to have a diminished QoL (46). A longitudinal study of patients with ischemic stroke in Germany showed that diminished self-efficacy is linked to an increased risk of depression (47). Research on chronic obstructive pulmonary disease (COPD) patients has also highlighted that higher self-efficacy is associated with better social functioning and overall health (48). Self-efficacy can shape an individual’s health beliefs, with higher self-efficacy fostering a more resolute problem-solving attitude and more excellent resistance to the negative impact of health-related challenges. Furthermore, it can mitigate the negative emotions from physical discomfort, enhancing an individual’s agency and motivation to adopt healthier lifestyle practices.



4.3 The simple mediating role of self-efficacy between health literacy and quality of life in patients with chronic diseases

This study delved into the potential mediating or moderating roles of self-efficacy in the relationship between health literacy and the QoL in patients with NCDs. The findings indicate that self-efficacy mediates this relationship, accounting for 14.5 and 14.8% of the total effect on health literacy and QoL, respectively.

In a study by Lee et al. (49) concerning the determinants of life quality in kidney disease patients, self-efficacy emerged as a mediator in the connection between mental health and life quality. This mediating role of self-efficacy is not merely theoretical; interventions aimed at enhancing self-efficacy have been demonstrated to improve the overall QoL for patients. The significance of this mediating role was further investigated in the context of patients with tuberculosis in Tibet, China, where examining the relationship between health literacy and QoL underscored the importance of self-efficacy and self-management (50). Kim et al. (51) conducted a randomized clinical trial focusing on health literacy in patients with type 2 diabetes, revealing that self-efficacy is a critical mediator between health literacy and glycemic control and QoL. Self-efficacy is pivotal in transforming knowledge into action, as it can stimulate and sustain an individual’s motivation and capacity to engage in healthy behaviors (52). It is recognized that an increase in knowledge does not automatically result in behavioral changes, and traditional health education methods need to be revised for the evolving informational demands of contemporary society. Thus, health promotion must convey knowledge and leverage psychosocial factors, such as self-efficacy, to encourage behavioral shifts toward healthier lifestyles (53, 54). Health literacy indirectly influences the self-efficacy of patients with NCDs, enhancing their confidence and self-management skills (55, 56), which fosters their ability to self-manage their conditions. Studies have demonstrated that patients with greater self-efficacy have higher aspirations and demands for recovery and exhibit better adherence to health management and treatment protocols (57). Moreover, these patients are more likely to confront their illness with a positive outlook and effectively manage negative emotions. Consequently, healthcare professionals should assess patients’ understanding of their current health management and rehabilitation strategies, aiming to enhance their QoL by bolstering self-efficacy and activating their latent coping and problem-solving skills.



4.4 Advantages and disadvantages

The strengths of this study lie in its comprehensive scope and a representative sample, which bolsters the credibility of the findings. Utilizing the four-way decomposition method, we have thoroughly investigated the interplay among self-efficacy, health literacy, and the QoL in patients with NCDs, along with their underlying mechanisms. This approach offers a novel perspective for designing future interventions to enhance the life quality of individuals with chronic conditions.

However, the study is subject to limitations. Initially, dependence on self-reported data from participants May introduce measurement bias. Additionally, the study’s cross-sectional design hinders the establishment of causality between variables. Thirdly, the study population in this study was only a sample of Chinese adults, and there was no research population from other countries for verification.

In future research, it is imperative to employ longitudinal or controlled study designs to investigate the temporal dynamics linking health literacy, self-efficacy, and quality of life among patients with NCDs. Moreover, data collection should encompass a range of methods, including qualitative interviews and mixed-methods studies, to provide a comprehensive and nuanced dataset. Given the heterogeneity of populations, influenced by their unique geographical contexts and cultural practices, the quality of life for patients with NCDs is expected to differ across regions. Consequently, there is a need for in-depth, region-specific studies to better understand the particular challenges and needs of these patients.




5 Conclusion

The study’s findings demonstrate a positive correlation between self-efficacy and health literacy, the QoL among patients with NCDs. Additionally, self-efficacy indirectly influences the relationship between health literacy and QoL in these patients. Implementing targeted interventions to boost self-efficacy and health literacy is likely to be vital for enhancing the QoL of individuals with NCDs. Moreover, future research should continually assess the post-intervention impacts and interactions of self-efficacy and health literacy on QoL in this patient population.
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Background: The rising prevalence of multimorbidity and functional dependence in community-dwelling older adults contribute to the demand for home care services. Evidence on how chronic conditions, especially multimorbidity, affect dependence levels among older adults with functional dependence in a socio-cultural context is much needed to inform policy, workforce, aged care service development to meet the care needs of this population.
Objectives: This study aimed to determine the association between chronic conditions, multimorbidity and dependence levels among Chinese community-dwelling older adults with functional dependence.
Methods: A cross-sectional study was conducted with 1,235 community-dwelling older adults with functional dependence in Hunan province, China, from June to October 2018. Data on socio-demographic factors, cognitive function, vision and hearing conditions, activities of daily living (ADLs), and health conditions were collected, and binary logistic regression analyses were used to determine the association between chronic conditions, multimorbidity and dependence levels, with adjustments for relevant covariates.
Results: Among the participants, 62.9% had multimorbidity. Parkinson’s disease, stroke, COPD, hypertension, mood and psychotic disorders (Anx/Sch/Dep) were significantly associated with high levels of functional dependence. After adjusting for demographic variables, cognitive function, vision, and hearing conditions, we observed a significant relationship between multimorbidity and higher functional dependence, but this association became insignificant when including certain chronic diseases closely associated with high-level dependence. Study revealed that Parkinson’s disease and stroke notably increase dependency risk across seven ADL domains, demonstrating their extensive impact on daily functioning.
Conclusion: The prevalence of multimorbidity among Chinese community-dwelling older adults with functional dependence is very high. The association of multimorbidity with functional dependence is mediated by specific chronic conditions. These findings highlight the necessity of adopting an integrated care model that combines medical and social care, with a particular emphasis on managing multimorbidity and critical chronic conditions that lead to severe functional dependence to preventing and diminish the onset of disabilities.
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1 Introduction

As of 2019, the population aged 65 and above constituted 11.5% of China’s total population, with projections indicating an increase to 16.9% by 2030 (1). Simultaneously, there has been a significant rise in the number of older adults in China requiring long-term care due to functional dependence. Functional dependence, defined as the need for assistance with activities of daily living (ADLs) such as bathing, dressing, and eating, further strains healthcare systems and caregivers (2). By the end of 2018, approximately 40 million older adults with functional dependence in China, and this figure is expected to surge to 97.5 million by 2050, thereby amplifying the demand for extensive and complex medical services (3). Based on the findings from the Seventh National Population Census in China, approximately 77.25% of older adults with functional dependence reside with their families, while a smaller fraction, around 8.28%, live in nursing institutions (4). The provision of ADLs is a crucial part of community aged-care services for helping older people to remain in their own homes for as long as possible. A person’s ability to perform ADLs is also widely used as an assessment tool to measure functional dependence in the application for entering government-subsidized home care services in China (5).

Providing adequate ADLs support for older adults is the first step in managing functional dependence, significantly enhancing their quality of life and reducing the burden on institutional care facilities (6, 7). However, further research is needed to identify key factors that help minimize or prevent progression to severe functional dependence. Research shows that individuals initially experiencing functional dependence are more likely to progress to more severe levels of dependence if not promptly intervened, resulting in escalating functional decline (8, 9). Increased severity of functional dependence correlates with a higher risk of mortality in older adults (10). Additionally, those with severe functional dependence are more susceptible to adverse health outcomes, such as higher healthcare utilization and reduced quality of life (11, 12). Evidence indicates that individuals who are initially disabled are more likely to undergo status changes and transition more rapidly through various stages than those without disabilities. This suggests that preventive actions and targeted welfare policies could help vulnerable populations avoid future health shocks and the progression to severe disability and death (13). Therefore, early and simple interventions during the initial stages of functional dependence can reduce the need for more intensive measures later for those at high risk of severe functional dependence (14).

Interventions to reduce dependence in older adults should focus not only on ADLs support but also on better management of disabling medical conditions before they progress to higher levels of disability. This is because various complex factors contribute to functional decline, with chronic health conditions being the primary contributors, particularly among older adults (14). The onset of chronic diseases can cause an initial decline in functional independence, progressing through mild, moderate, and severe dependence stages, ultimately leading to total disability (15). Crucially, research shows a strong link between multimorbidity in older adults and functional decline, exacerbating dependence and significantly impacting self-care abilities (16). Multimorbidity, defined as the presence of two or more chronic conditions (14), is notably more common among older adults. Studies indicate that multimorbidity prevalence is 66.1% in high-income countries (17) and 49.8% in low-and middle-income countries (18). Individuals with multimorbidity often experience higher healthcare costs and greater healthcare utilization (19), along with increased mortality rates (20) and a diminished quality of life (21). Furthermore, the elevated incidence of multimorbidity, coupled with functional dependence among community-dwelling older adults, significantly contributes to the increasing demand for home care services (22). Research suggests that multimorbidity significantly affects functional decline, irrespective of age, individual diseases, or geographical location (23, 24). This association is likely because the rapid accumulation of multiple chronic conditions in older adults disrupts the body’s homeostasis and reduces resilience to internal and external stressors. This disruption can lead to frailty (25), a medical syndrome that increases the risk of functional decline, dependence, and mortality (26).

Thus, examining the relationship between chronic conditions and multimorbidity with dependence levels in Chinese older adults requiring long-term care is crucial for developing targeted interventions. Effective early interventions can help maintain or improve functional status, potentially delaying the progression to severe functional dependence and reducing the associated healthcare burden. However, existing research predominantly focuses on the link between specific diseases, multimorbidity, and increased functional decline in the broader population of older adults, considering functional dependence as an isolated and dichotomous variable (27, 28). The impact of multimorbidity and chronic conditions on dependence levels among functionally dependent older adults remains under-explored. Notably, population-based studies in this field are lacking, especially in developing countries such as China, where long-term care (LTC) is underdeveloped (29). This study addresses this gap in research with an aim toward helping to inform policy, workforce, and LTC service development decision to meet the care needs of older adults in China and potentially other countries around the world, ultimately enhancing the quality of life and longevity of older adults with functional dependence.

Therefore, this study examines the relationship between chronic conditions, multimorbidity, and dependence levels among community-dwelling older adults with functional dependence in China. Initially, it assesses the prevalence of common chronic conditions and multimorbidity among adults aged 60 and above with functional dependence in Hunan province, south-central China. Subsequently, the study investigates the association between these chronic conditions, multimorbidity, and dependence levels in this demographic. Finally, it aims to elucidate how various health conditions contribute to dependency across different ADL domains.



2 Methods


2.1 Design

We conducted a population-based cross-sectional study in Hunan Province, south-central China, from June to October 2018.



2.2 Participants and settings

This study is part of a large project entitled The Long-term Care Needs Assessment (LCNA). Data were collected through a face-to-face questionnaire survey targeting older adults aged 60 and above who have functional dependence. The LCNA aimed to identify care and support needs among this demographic in south-central China, employing a multistage, cluster sampling method. In stage one, two cities or regions from all the 14 administrative regions of Hunan Province based on the National Bureau of Statistics of China were randomly selected (30). In stage two, two districts or counties were randomly chosen from each selected city or region. In the third stage, two sub-districts or townships were randomly selected from each district or county. Finally, according to the documented health records provided by local health centers, older adults aged 60 and over living with functional dependence were included with the assistance of the local Ministry of Civil Affairs.

This study was conducted according to the World Medical Association Declaration of Helsinki and approved by the Central South University Ethics Committee (Approval No. 2018011). Researchers provided participants with information about the study and gained their written informed consent before enrolling. The recruitment started in June, 2018 and was completed in October, 2018. Participants were included if they: (a) were aged 60 or over; (b) had lived in their own homes for at least 6 months within 1 year before the survey; (c) had difficulties or were unable to carry out ADLs according to the Barthel Index (BI) score (Barthel’s score < 100); (d) had signed the informed consent to participate in this study; and (e) had proxy respondents (e.g., family or primary caregivers) that had taken care of them for at least 1 month if they were unable to communicate.

In total, 1,507 potentially eligible participants were identified. After identifying potential participants, invitations were made via telephone by staff from the local health service centers. Subsequently, 53 of them were excluded for refusing to participate, 21 were excluded due to their death before the interview, and 87 were excluded due to their inability to communicate and lack of proxy respondents. In addition, 108 participants without functional dependence based on the Barthel Index (Barthel’s score = 100), and 3 participants with missing data were removed from the data analysis. Consequently, 1,235 participants with a Barthel’s score less than 100, indicating functional dependence, were included in the study. Figure 1 illustrates the selection process for the target population.

[image: Flowchart detailing participant selection from Hunan Province, China. Two cities were chosen, each providing two districts. From each district, two sub-districts were selected. Initial 1,507 participants were identified; 272 excluded for reasons like lack of dependence, communication issues, refusal, death, or incomplete data. Final sample included 1,235 participants with functional dependence.]

FIGURE 1
 Sampling process flowchart.




2.3 Measures


2.3.1 Functional dependence

In this study, we employed the Barthel Index (BI) to assess individual levels of dependence in ADLs (31). The BI generates a cumulative score from 10 ADL domains, each evaluated using a weighted numerical scale. These domains fall into two categories: self-care (covering feeding, grooming, bathing, dressing, bowel and bladder control, toilet use) and mobility (including walking, transfers, stair climbing). Scores range from 0, indicating total dependence, to 100, signifying complete independence. Assessments typically take 5–10 min. Prior research has validated the BI’s reliability via face-to-face interviews (32). The Chinese version of the BI, widely used in older adult Chinese populations, classifies scores into four levels: 0–40 for complete dependence, 45–60 for severe dependence, 65–95 for slight dependence, and 100 for complete independence (33). In our research, the Cronbach’s alpha for this version was 0.91.



2.3.2 Chronic conditions and multimorbidity

In our research, we identified 15 prevalent mental, cognitive, and physical health conditions: osteoarthritis, osteoporosis, stroke, dementia, Parkinson’s disease, coronary heart disease, hypertension, heart failure, chronic obstructive pulmonary disease (COPD), renal disease, depression, anxiety, schizophrenia, cancer, and diabetes. The selection of these conditions was based on a combination of literature review and expert opinions, with guidance from the “World Report on Ageing and Health” by the WHO, which identifies common causes of health-related disability in older adults (14), and the “China Country Assessment Report on Ageing and Health” by the WHO, which highlights major chronic conditions in the Chinese context (34). Multimorbidity was defined as the coexistence of two or more of these chronic conditions. Our research required that the chronic conditions be diagnosed by a doctor, thereby excluding conditions suspected by the older adults and family members but without diagnosis. Participants were firstly asked, “Have you ever been told by a doctor, nurse, or other health professional that you have these chronic conditions?” Then a table with a pre-defined list of 15 common chronic conditions was shown to the participants. If the answer to any condition was “yes,” further review of the medical records in the community health centers was required.



2.3.3 Covariates

Sociodemographic variables encompassed age, gender (male, female), educational level (illiterate, primary, junior middle school or higher), marital status (married, single including never married, divorced, or widowed), presence of children (none, at least one child), living arrangements (alone, with others), and health insurance coverage (uninsured, insured). We assessed cognitive function in functionally dependent older adults using a tailored Cognitive Function Screening Questionnaire. This demographic often faces physical limitations, sensory impairments in vision and hearing, and challenges in expression and comprehension, which hinder the effectiveness of conventional cognitive tests such as the Mini-Mental State Examination (MMSE) and Clock Drawing Test. The questionnaire evaluates short-term memory, procedural memory, orientation, and decision-making ability on a scale of 0 to 40, with higher scores indicating poorer cognitive function. Scores are classified as: 0–1 for normal cognitive function, 2–11 for mild cognitive impairment, 12–25 for moderate cognitive impairment, and 26 or above for severe cognitive impairment. Validated in the Chinese older adults, the tool showed a Cronbach’s alpha of 0.893, split-half reliability of 0.913, test–retest reliability of 0.896, inter-rater reliability of 0.918, and a correlation with the MMSE of 0.914. Vision and hearing were assessed through self-reports or evaluator judgments, categorized as normal, mild, moderate, or severe impairment.




2.4 Statistical analysis

We calculated the median and interquartile range (IQR) for continuous variables and frequencies for categorical variables. To analyze the distribution and determinants of functional dependence in our study population, participants were categorized into two groups: the ‘Higher Dependence Group’ and the ‘Lower Dependence Group’. This classification was based on the median BI score, with those scoring below the median placed in the Higher Dependence Group (indicating a greater need for ADLs) and those scoring above the median placed in the Lower Dependence Group. Then binary logistic regression analyses were used to determine the association between chronic conditions, multimorbidity and the level of ADLs dependence, with adjustments for relevant covariates. Our regression analysis involved three progressively adjusted models to explore variable relationships. The first model examined the association between multimorbidity and higher functional dependence. The second model included all chronic conditions to investigate their correlation with greater functional dependence. In the third model, we assessed whether multimorbidity was significantly related to higher dependence independently of individual diseases by incorporating those diseases most strongly associated with increased dependence. Additionally, we employed binary logistic regression to analyze the association of chronic conditions and multimorbidity with dependence across 10 ADL domains, categorizing individuals in each domain as either ‘dependent’—those requiring any assistance—or ‘independent’.

All models were adjusted for sociodemographic variables, cognitive function, vision and hearing. Data analysis was conducted using SPSS version 25.0. Odds ratios (OR) with 95% confidence intervals (CI) were determined, with entry and removal criteria for variables set at 0.05 and 0.10, respectively. A p-value less than 0.05 was considered statistically significant. Multicollinearity testing showed that all variance inflation factors (VIF) for the independent variables were under 3, suggesting minimal correlation (35).




3 Results


3.1 Characteristics of participants

Table 1 indicates that the study included 1,235 participants. The Median (IQR) for age was 78 (71, 83), and the Median (IQR) for ADLs was 60 (35, 80). Based on the median ADLs score, 44.5% of participants exhibited lower functional dependence, while 55.5% showed higher functional dependence. Among the participants, 50.1% were female, 50.6% had completed primary school education, 58.2% were married, 95.7% lived with at least one child, 91.2% resided with others, and 97.5% had medical insurance. Regarding cognitive function, 32.1% of participants had normal function, 29.0% had mild cognitive impairment, 17.9% had moderate impairment, and 21.1% had severe impairment. For vision condition, 13.2% had normal vision, 57.2% mild impairment, 24.9% moderate impairment, and 4.8% severe impairment. Hearing condition was categorized as follows: normal function (29.5%), mild impairment (45.1%), moderate impairment (18.8%), and severe impairment (6.6%). Table 2 illustrates the prevalence of common chronic conditions and multimorbidity, revealing that 86.9% had at least one chronic disease and 62.9% experienced multimorbidity.



TABLE 1 Participants’ characteristic and functional status of the study population (N = 1,235).
[image: A table presents demographic and health data for a population. Median age is 78 years. Gender distribution is nearly equal. Education levels show primary school as most common. Majority are married, living with others, and insured. Cognitive and vision impairments vary, with mild impairments most frequent. Hearing conditions and chronic condition counts are listed. Functional status median is 60. Dependence in activities of daily living (ADLs) varies, with stair climbing showing the highest dependence.]



TABLE 2 Prevalence of common chronic conditions and multimorbidity (N = 1,235).
[image: Table listing chronic conditions and their prevalence. Hypertension is the most common at 56.5%, followed by coronary heart disease at 39.9%, and stroke at 37.2%. The table also shows the number of chronic conditions per person, with 26.3% having two conditions and 62.9% experiencing multimorbidity.]



3.2 Associations between chronic conditions, multimorbidity, and higher dependence

To examined the relationships between chronic conditions, multimorbidity, and higher functional dependence, three models were calculated. Due to the low prevalence rates of anxiety, schizophrenia, and depression, these conditions were consolidated into a single independent variable into the regression analysis, denoted as Anx/Sch/Dep, to represent mood and psychotic disorders. The first model indicated a significant association between multimorbidity and higher functional dependence (OR = 2.194, 95% CI: 1.662–2.897), controlling for covariates. In the second model, five chronic conditions—stroke (OR = 2.744, 95% CI: 2.020–3.726), Parkinson’s disease (OR = 2.867, 95% CI: 1.358–6.052), hypertension (OR = 1.363, 95% CI: 1.007–1.845), COPD (OR = 2.034, 95% CI: 1.1.41–3.626), and Anx/Sch/Dep (OR = 4.278, 95% CI: 1.362–13.436)—were found to be significantly associated with higher dependence. The third model revealed that after adjusting for diseases significantly associated with high-level dependence, multimorbidity was not significantly associated with higher functional dependence. Table 3 displays the significant results of the model in relation to the dependent variables. Detailed information on the assignment of independent variables in multivariate binary logistic regression analysis, along with comprehensive results of three models examining the relationship between chronic disease, multimorbidity, and higher dependence, is provided in the Supplementary material.



TABLE 3 Multivariate binary logistic regression analysis of factors associated with higher functional dependence.
[image: A table presents statistical results for various health conditions across three models. Each model includes P-values, odds ratios (OR), and 95% confidence intervals (CI) for conditions like multimorbidity, osteoarthritis, stroke, and dementia, among others. Lower P-values and higher ORs indicate stronger associations. Significant results include multimorbidity and stroke in all three models. Anx/Sch/Dep shows significance in Models 2 and 3, with high ORs. The table specifies significance levels: *p<0.05, **p<0.01, ***p<0.005.]



3.3 Factors associated with dependence in 10 ADL domains

Utilizing binary logistic regression analysis, our study further investigates the correlation between chronic conditions, multimorbidity, and dependency across various ADL domains. The analysis specifically identifies diseases that are significantly associated with increased functional dependency. Notably, Parkinson’s disease and stroke were linked to a substantially higher risk of care dependency in seven ADL domains, including feeding, bathing, grooming, dressing, toilet use, transferring, and walking. COPD was significantly associated with dependency in five ADL domains: bathing, grooming, dressing, toilet use, and transferring. The combined conditions of anxiety, schizophrenia, and depression (Anx/Sch/Dep) showed strong correlations (OR > 4) in the domains of feeding, grooming, and dressing. Furthermore, hypertension was significantly related to an increased risk of uncontrolled bowel movements and urination. These findings are elaborated in Table 4.



TABLE 4 Multivariate binary logistic regression analysis of factors associated with dependence in 10 domains of ADLs.
[image: A table displays domains, variables, odds ratios (OR), 95% confidence intervals (CI), and p-values related to various health conditions affecting daily activities. Conditions like Parkinson's disease, stroke, and dementia show significant impacts across domains like feeding, bathing, grooming, dressing, bowels, bladder, toilet use, transfers, and walking. Notable p-values indicate statistical significance at different levels: *P < 0.05, **P < 0.01, ***P < 0.005.]




4 Discussion

Our study determined the prevalence of common chronic conditions and multimorbidity among older adults living with functional dependence in Hunan province, south-central China. Among the 1,235 participants, 1,074 (86.9%) had at least one chronic disease, and 777 (62.9%) experienced multimorbidity. This finding is notably higher compared to studies focusing on the general aging population in China, which reported multimorbidity prevalences ranging from 43.6 to 47.5% (27, 28). This difference suggests that older adults living in the community with functional dependence might have unique health profiles and care needs that are not fully captured in broader population studies. This implies that health care strategies and policies need to be tailored to address the specific challenges faced by this demographic. Similarly, a study conducted in Shanghai, China, focusing on community-dwelling older adults with physical disabilities, reported a higher prevalence of multimorbidity, with 74.3% of individuals affected (36). The increased prevalence observed in the Shanghai study can be attributed to the study exclusively involving older adults with severe physical disabilities, suggesting a potential correlation between the severity of functional impairment and the prevalence of multimorbidity in the older adults.

The increasing prevalence of multimorbidity among individuals with functional dependence highlights the urgent need for integrated care models. Previous research indicates that Chinese older adults with multimorbidity and ADLs dependence tend to utilize more health care services, including frequent transitions between hospital and home care settings, and have higher unmet care needs (22). A similar trend is observed in the United States, where heart failure patients with multimorbidity and ADLs limitation experience elevated mortality rates and increased health care utilization (37). Consequently, there is an urgent need for robust integrated care strategies that integrate medical and social care for Chinese older people, especially those with multimorbidity and functional dependence. Such approaches should consider not only the medical management of multiple chronic conditions but also the support needed for daily functioning and quality of life (38). Findings from our population-based study highlight the importance of policy and resource development to support integrated care models, ensuring that the unique needs of this growing demographic are adequately met.

Our study finds that Parkinson’s disease, stroke, COPD, hypertension, mood and psychotic disorders (Anx/Sch/Dep) are significantly correlated with higher functional dependence in older adults living in Chinese communities. Notably, Parkinson’s disease contributes more to increased dependence, indicating a more severe impact compared to other conditions. Consistent with other studies, Parkinson’s disease is linked to severe disability (39) and represents the condition with the highest risk for long-term care dependency (24). The significant risk for severe disability and long-term care dependency in Parkinson’s disease is primarily due to its progressive motor symptoms, such as tremors, rigidity, and bradykinesia, which severely impair daily living activities. Additionally, non-motor symptoms like cognitive impairment and mood disorders further exacerbate disability, creating a complex clinical condition that accelerates functional decline and increases reliance on caregivers (40, 41). Stroke is also a major contributor to severe functional dependence in our study. Similarly, the Global Burden of Disease project highlights stroke as the leading cause of disability in China’s population aged 60 and above (42). In the Belgian population, stroke is also a major contributor to severe disability among the older adults (43). Evidence from the Global Burden of Disease (GBD) study shows that stroke is the second leading cause of death and the third leading cause of disability worldwide (44). The GBD predicts that the burden of stroke among older adults will increase by 44% between 2004 and 2030 (45). Additionally, 89% of this burden is concentrated in developing countries (46). In China, the lifetime risk of stroke is 39.9%, the highest globally (47). Recently, China has recorded nearly 2.5 million new stroke cases annually, with 75% of survivors suffering from persistent functional impairments (48). Therefore, improved stroke management in developing countries, especially during the initial stages of functional impairment, is essential to prevent severe disability, reduce mortality, and decrease the need for long-term institutional care. Previous studies report that COPD is associated with a reduced ability to perform basic self-care and independent living tasks, showing greater disability than other chronic health conditions (49–51). Our findings corroborate this, indicating a significant correlation between COPD and increased dependence. The association of hypertension with severe disability was also observed in our study. Hypertension, a significant contributor to cardiovascular disease, declines in intrinsic capacity, and premature death, warrants particular attention (52). Contrary to other research, dementia did not emerge as a major contributor to severe disability in our study (53). A plausible explanation is that cognitive function, highly correlated with dementia and included as a confounder in our analysis, may be a broader and more significant indicator for ADL decline than dementia alone.

Notably, mood and psychotic disorders (Anx/Sch/Dep) show a strong correlation with significant functional dependence in our study. The disability resulting from mental illness, which often manifests in cognitive, affective, and behavioral disorders, can severely limit daily activities and social participation (54). However, our research finds a notably low detection rate of anxiety and depression, consistent with findings from other studies indicating that the detection rate of mental disorders among older individuals within Chinese primary care settings is considerably low (55). The cultural stigma associated with mental health and the scarcity of mental health professionals in community settings may contribute to the potential underestimation of anxiety and depression (56). Furthermore, the recognition rate of schizophrenia surpasses that of anxiety and depression in our study, likely due to the community mental health system in China prioritizing severe mental disorders amid limited resources and political concerns for social safety, particularly focusing on patients exhibiting violent or socially disruptive behaviors (57). While our findings are promising, considering these limitations, our results should be interpreted with caution, especially because the specific conditions contributing to high functional dependence are not definitively identified, and our categorization of mood and psychotic disorders only includes three types. Future research is needed to explore methods for more accurately detecting mental health conditions among the community-dwelling older population, employing different data collection methods to validate our findings, thereby enriching our understanding of each condition’s impact on functional dependence and enhancing the development of targeted interventions in primary care and mental health services.

Our study reaffirms the significant associations previously reported for Parkinson’s disease, stroke, COPD, hypertension, mood and psychotic disorders (Anx/Sch/Dep) with high levels of functional dependence, not only in the general older adult population but also among those requiring long-term care. Therefore, addressing chronic conditions closely linked to functional decline is crucial. These conditions pose complex, long-term challenges for caregivers, and a comprehensive response is necessary to manage major chronic conditions effectively. This approach aims to minimize the risk of severe functional dependence, prevent the accumulation of functional deficits, reduce hospitalization and high-cost interventions, and decrease premature deaths in at-risk populations.

Our findings revealed a significant association between multimorbidity and high levels of functional dependency after adjusting for demographic variables, cognitive function, and sensory abilities. However, this association ceased to be significant upon the inclusion of certain chronic diseases that are strongly linked to high-level dependency. This suggests that while multimorbidity is initially a predictor of greater functional dependence, its impact may be mediated by the presence of specific chronic conditions. This finding underscores the importance of identifying and managing key chronic diseases that contribute significantly to functional decline. Furthermore, our study highlights the necessity of a comprehensive approach in assessing the functional status of the older adults, considering not only the count of chronic conditions but also their nature and severity. While multimorbidity is an important factor to consider in the context of functional dependence, the role of specific chronic diseases in driving this dependence cannot be overlooked.

While existing research has acknowledged a connection between multimorbidity and increased functional decline, a clear distinction between the effects of multimorbidity and single diseases remains underexplored (58). The existing body of literature reveals inconsistent results: for instance, a German cohort study identified a correlation between multimorbidity and care dependence, controlling for other associated chronic conditions (24). Conversely, a UK study incorporating both common chronic conditions and multimorbidity into its multivariate analysis found no significant correlation between the number of conditions and the decline in functional status (59). The variability in multimorbidity measurements, the diversity of health conditions, and the specific characteristics of study participants complicate international comparisons among different studies. Consequently, future research should address these challenges, highlighting the need for a standardized definition and classification system for multimorbidity. Furthermore, while most studies focus on the relationship between the type and number of chronic conditions and functional decline, factors such as disease severity, duration, and combinations of chronic diseases might play a more significant role in exacerbating multimorbidity. Therefore, it is essential to conduct additional research that examines the severity, duration, and patterns of multimorbidity to deepen our understanding of these relationships.

Our study delved into the relationship between chronic conditions, multimorbidity, and dependency across various ADL domains. It notably found that Parkinson’s disease and stroke significantly elevate the risk of dependency in seven ADL domains, underscoring their extensive impact on daily functioning. These insights necessitate the customization of nursing care services, as well as education and training, to effectively manage these diseases. Focused nursing care and specific education and training programs are crucial to mitigate the activities impacted by Parkinson’s disease and stroke, aiming to delay the onset of disability and improve patient autonomy. Furthermore, the combined conditions of anxiety, schizophrenia, and depression (Anx/Sch/Dep) exhibited strong correlations in activities like feeding, grooming, and dressing. This correlation may stem from the social withdrawal and reduced interest in personal appearance and hygiene commonly seen in individuals with these mental health issues. This finding highlights the profound influence of mental health on functional abilities and underscores the need to integrate mental health care into the treatment plans for older adults experiencing these conditions.

This study presents several limitations. Firstly, our analysis does not cover all chronic conditions. While we identified multimorbidity using 15 chronic conditions, we included conditions like anxiety are less prevalent. This indicates a need for refining the list of conditions that are pertinent to functional decline. Secondly, as a cross-sectional study, it cannot establish causal relationships, hence the results should be interpreted as correlations with caution. Thirdly, our study relies on self-reports and medical record reviews for assessing chronic conditions and multimorbidity. Given the context of primary care settings in Chinese communities, this approach may lead to low detection rates of mental disorders such as depression and anxiety, potentially compromising the accuracy of our findings. Lastly, this research, which for the first time examines the relationship between chronic conditions, multimorbidity, and functional status in older adults with functional dependence, is restricted to a single Chinese province. Future research should aim to involve larger, nationally representative samples to broaden the understanding of these associations and to validate our findings in various regions and demographic groups across China.



5 Conclusion

Our research indicates a notably high prevalence of multimorbidity among Chinese community-dwelling older adults with functional dependence. We observe the significant associations for Parkinson’s disease, stroke, COPD, hypertension, mood and psychotic disorders (Anx/Sch/Dep) with high levels of functional dependence. Furthermore, our findings suggest the association of multimorbidity with functional dependence is mediated by specific chronic conditions, diminishing its significance as an independent predictor when these conditions are accounted for. These results emphasize the necessity of implementing an integrated care model for the community-dwelling older adults in China, especially for those experiencing multimorbidity and functional dependence. This model should comprehensively include both medical and social care services, with a particular emphasis on managing critical chronic conditions that contribute to severe functional dependence. In addition, policy makers should especially target those activities significantly affected by primary chronic conditions such as Parkinson’s disease and stroke when designing community-based long-term care services. This could potentially contribute to supporting disabled and older adults in community-living situations. Further research is needed to conclusively determine the extent to which such services can delay disability onset and optimize functional autonomy. Furthermore, in assessing and managing the risk of significant functional dependence among older adults in the community with prevalent multimorbidity, merely concentrating on the quantity of concurrent diseases is inadequate. It is essential to consider factors like the combination of comorbidities, and the duration and severity of specific diseases. Future research should investigate these elements more comprehensively to improve our understanding and approach to managing functional dependence risks in this population.
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Background: Depression is a significant burden on individuals and society, which requires our attention and action. As the aging wave collides with digitalization, further research is needed to understand how internet use relates to depression in older adults. This study aimed to investigate whether volunteer activity participation and friend networks played a chain mediating role in this relationship from the perspective of the socioemotional selectivity theory.
Method: This study’s data was derived from the 2018 China Longitudinal Aging Social Survey (CLASS), comprising 5,558 samples. The study employed the OLS model for benchmark regression and multiple robust check methods, including altering variable settings and utilizing the instrumental variable model. In addition, the generalized structural equation model (GSEM) was used to analyze the mechanism.
Result: Using the internet was significantly associated with reduced depression in older adults (coefficient = −0.9321, p < 0.001). The instrumental variable model confirmed this reduction (coefficient = −0.9200, p < 0.001). Moreover, we found that there were three indirect pathways of Internet use on depression among older adults: the mediating role of volunteer activity participation (all p-values <0.001), the mediating role of friend network (all p-values <0.001), and the chain mediating role of both factors (all p-values <0.001).
Conclusion: Based on the research findings, we suggest mobilizing tech-savvy older adults to assist others in adopting digital technology and using the internet. We also suggest that the government could assist in creating older adult-friendly communities. Social workers could collaborate with tech-savvy older adults to organize various voluntary activities, encouraging more senior citizens to participate. In addition, we recommend that the community should consider the form of activities to help older adults make friends first rather than solely focusing on voluntary activities.
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1 Introduction

Depressive disorder, ranking 12th in global disease burden and among the top three causes of Years Lived with Disability (YLDs) (1), has a global prevalence of 3.8%, with 5.0% among adults and 5.7% among those over 60 years old (2). China, as a moderately aging society with an accelerating aging process (3), faces an increasing need to address geriatric depression. As of June 2023, 13.0% of Chinese internet users are aged 60 and above (4). This growing digital engagement among older adults presents new opportunities for mental health interventions.

Numerous studies have explored the link between Internet use and depression among older adults. However, there is potential for further investigation, including mechanism analysis and variable selection. In terms of mechanism analysis, on the one hand, several empirical studies have delved into various aspects of Internet use, focusing specifically on usage purpose (5, 6), frequency (7), and skill (8) instead of whether older adults use the Internet. Most of them have found that chatting with family and friends online (6), using the internet more frequently (7), and improving internet skills (8) are all linked to improved depression levels in older adults. Despite these advances, there remains a critical need for more in-depth investigation into the underlying mechanisms that link Internet use with depression among older adults. On the other hand, several studies have investigated specific mechanisms such as interpersonal relationships (9), social networks (10), and social participation (11). However, these analyses have not thoroughly explored the interactions and mutual influences among these different factors. It’s important to consider the combined effects of multiple mechanisms, such as social participation and social networks (12), to better understand the complexity of how Internet use is associated with depression among older adults. In terms of variable selection, the concept of social participation is multifaceted and lacks a widely acknowledged definition (13). Some studies categorize social participation into three or four groups based on participation content, such as political, leisure, and voluntary participation (14, 15). Social networks can also be categorized into two main types: family networks and friend networks (16). Varied measurements may influence the analysis outcomes.

In this study, we select volunteer activity participation and friend networks as mediators to explore their potential role in the association between Internet use and depression among older adults. Friendship is a crucial element of social relations in later life, yet it has not been as extensively researched as other aspects (17). As people age, their inclination to cultivate new friendships through volunteering diminishes, but their motivation to seek value and maintain existing friendships in volunteering increases (18). While taking part in volunteer activities may help older adults meet others, changes in their motivation to volunteer could reduce their desire to cultivate new friendships. Additionally, as volunteer projects end or change, it can be difficult to maintain the relationships formed during the volunteering experience. Moreover, dedicating time and energy to volunteering may limit older adults’ interactions with their current friends. Therefore, it is essential to further explore the correlation between volunteer activity participation and friend networks. To our knowledge, this study is the first attempt to analyze the role of volunteer activity participation and friend networks as mediators in the relationship between Internet use and older adults’ depression, especially exploring their chain mediating role. By exploring the complex correlations among them, this research aims to provide comprehensive empirical evidence to formulate policies for improving depression among older adults, especially by focusing on the coordination of older adults’ volunteer participation and their friend networks.



2 Literature review and hypothesis development


2.1 Internet use and older adults’ depression

Existing research generally suggests that Internet use is linked to lower levels of depression (19, 20). Utilizing the internet for communication offers older adults a new means to connect with their families and peers, thereby helping them stay in touch and reducing their depression (21, 22). Internet use also empowers senior citizens to participate in more social activities, which can reduce depression (11). Furthermore, online social participation can maintain offline social participation in later life, which can mitigate the detrimental effect of pain on depression (23). However, excessive use of the Internet may lead to depression (24) and exacerbate social comparisons related to status or income, negatively impacting individual well-being (25).



2.2 The mediating role of friend networks

According to the socioemotional selectivity theory, as individuals age, they may perceive time limitations, leading them to prioritize present-oriented goals such as emotion regulation (26). Older people tend to choose familiar social partners more frequently to conserve emotional resources in the face of limited future opportunities (27). They can adjust their social networks to maintain stable intimate relationships (28), regardless of their cultural background or understanding of intimate partners (29, 30). Online social networks undergo similar changes, as older individuals usually have smaller online social network sizes but contain a higher proportion of actual friends (31, 32). Thus, regardless of whether older adults use the Internet or not, they tend to seek higher emotional experiences, such as maintaining close relationships. The Internet is a valuable tool that can help older adults quickly and efficiently share diverse information with their intimate partners, such as friends, using text, audio, video, etc. It is unnecessary for older adults to depend on direct, physical contact in order to sustain existing relationships. For example, an older adult may maintain a connection with an old friend who lives at a distance, even engaging in each other’s daily lives through instant video calls on a regular basis. This frequent and high-quality interaction helps keep their social relationships strong, preventing them from fading or breaking due to time and distance. In contrast, older individuals who do not use the Internet may experience situations that can be described as having the desire to maintain friendships but lacking the ability to do so effectively. They may only be able to stay in touch through occasional phone calls or letters, lacking frequent and meaningful interactions. As a result, those who use the internet are able to maintain and strengthen existing relationships, allowing them to sustain a relatively broader and deeper network of friends.

Social networks play a crucial role in the mental health of older adults. When their social networks diminish, they are more likely to experience feelings of loneliness and depression (33). Friend networks, as a component of social networks, are important for the mental health of older adults. More frequent social interactions with friends correlate with fewer depressive symptoms (34) while having fewer close friends is related to more depressive symptoms (35).



2.3 The mediating role of volunteer activity participation

The perception of limited time in the future may also prompt older adults to focus more on a sense of belonging and the meaning of life in order to gain emotional experience (36). Volunteering helps individuals achieve a sense of mattering and contributing (37, 38). The Internet is a highly efficient mobilization tool that can facilitate connections with potential volunteers (39). Consequently, they are more likely to participate in unpaid work for most voluntary organizations, particularly older adults (40). These older adults tend to engage more in social participation (41), community involvement (42), and volunteering (43).

Social participation can alleviate depression in older adults, including those who are widowed (44) or caregivers (45). More specifically, when older adults have higher levels of neighborhood social participation or community volunteer activities, they experience lower levels of depression (46–48).



2.4 Chain mediating role of volunteer activity participation and friend networks

Besides adjusting social networks and focusing on the meaning of life, as individuals age, they tend to selectively invest their time in activities that hold greater subjective meaning, while neglecting those that are less meaningful to them (49). Volunteering may not be as prioritized as spending time with family and close friends (50). Thus, age is found to be associated with higher social (maintaining existing friendships) and value (volunteering to express or act on important values) motives for volunteering, even after accounting for demographic characteristics and volunteering experience (51, 52). This may not motivate older individuals to cultivate new friendships through volunteering.

Volunteering among older adults can also lead to role conflicts (53). For example, caring for sick or disabled adults is a demanding task that can easily cause role conflicts (54). Moreover, older adults may not participate in volunteer activities with their peers and friends, especially in informal community volunteering. Therefore, further analysis is necessary to expand our understanding of this issue, especially concerning whether volunteer activity participation negatively correlates with the friend networks of older adults.



2.5 Research hypotheses

To sum up, to explore the relationship between Internet use and older adults’ depression, we construct a chain mediating model based on the socioemotional selectivity theory, as shown in Figure 1. This theory suggests that older adults prioritize present-oriented goals due to their perception of limited time in the future. As a result, they may adjust their social networks to maintain intimate relationships, participate in volunteer activities to find meaning in life, and selectively invest their time to gain more emotional experience (26, 27, 36). These behaviors have been found to be associated with lower levels of depression.

[image: Flowchart showing relationships between "Internet use", "Volunteer activity", "Friend network", and "Depression". Arrows indicate interactions: Internet use impacts volunteer activity, friend network, and depression; volunteer activity influences friend network; friend network affects depression.]

FIGURE 1
 The analytical framework of the relationships among Internet use, volunteer activity, friend network, and older adults’ depression.


The Internet is an efficient tool that helps older adults overcome time and space constraints as they adjust their social networks and participate in volunteer activities. Older adults can easily maintain close relationships by staying connected and sharing more information through the Internet. However, older adults who do not use the Internet may find it challenging to maintain close relationships due to limitations of time and space, despite their willingness. They can also use the internet to find information about volunteer services quickly or to communicate more easily with the people involved in community volunteer programs. As a result, the Internet helps older adults efficiently allocate their time, focusing on meaningful activities and enhancing their emotional experience with intimate relationships and volunteer work.

However, changes in volunteer motivations and potential role conflicts may lead older adults involved in informal community volunteering to have fewer friend networks. The motivations for older adult individuals to participate in volunteer services may not primarily be to make new friends but rather to maintain existing friendships or pursue specific values. Additionally, older adults may not participate in some informal community volunteer work with their friends. Furthermore, while providing volunteer services, older adults may experience role conflicts. Therefore, these factors may be associated with a diminish in older adults’ friend networks. After considering the analysis presented, this study proposes the following hypotheses:


H1: Internet use is related to a decrease in depression among older adults.
H2: Internet use is associated with an increase in older adults’ friend networks.
H3: Older adults’ friend networks are linked to a decrease in depression among older adults.
H4: Friend networks play a mediating role in the relationship between Internet use and older adults’ depression.
H5: Internet use correlates with increased volunteer activity participation among older adults.
H6: Participation in volunteer activity is connected to lower depression in older adults.
H7: Volunteer activity participation plays a mediating role in the relationship between Internet use and older adults’ depression.
H8: Volunteer activity participation is negatively related to older adults’ friend networks.
H9: Volunteer activity participation and friend networks play a chain mediating role in the relationship between Internet use and older adults’ depression.






3 Method


3.1 Data and study sample

The empirical analysis data were sourced from the China Longitudinal Aging Social Survey (CLASS), a national longitudinal social survey conducted by the Renmin University of China, designed to investigate and analyze older adults’ basic situation. The respondents of this survey were Chinese older adults aged 60 and above.

Our study used data from CLASS2018, which comprised 11,418 individuals. The exclusion criteria were as follows: (1) individuals aged below 65 years; (2) Samples with ambiguous information (e.g., unable to provide a response, unknown, refusal to answer, etc.); (3) older adults with annual incomes over one million yuan; (4) Samples that did not fit the survey’s questions; (5) Samples that did not utilize the Internet for text, voice, or video communication; and (6) missing values for each variable. After preprocessing missing values and outliers, we obtained 5,558 valid samples. Empirical analyses were conducted using Stata (version 17.0).



3.2 Variable measurement


3.2.1 Depression

The 9-item Epidemiologic Studies-Depression (CES-D) scale was used to measure depression (55). There were two items indicating negative feelings (lonely and upset), feelings of marginalization (having nothing to do and feeling useless), and somatic symptoms (having trouble sleeping and poor appetite), respectively. Furthermore, three items represented positive feelings: pleasure, enjoying life, and happiness. Each item was assigned a value of 0 (rarely or none of the time), 1 (some of the time), or 2 (most of the time). These ratings reflected the participant’s weekly frequency of experiencing each item. After reversing the coding of positively oriented items, we added up the scores of the nine items to obtain a depressive symptom score that ranged from 0 to 18. A higher score indicated a higher level of depression (Cronbach’s α = 0.7247).



3.2.2 Internet use

The questionnaire included a question asking whether the respondent used the Internet, including various devices such as mobile phones. The values 1 to 5 indicated the frequency of Internet usage, ranging from daily to never using the Internet. We assigned a value of 0 to those who never used the Internet and 1 to those who did. Moreover, as previously mentioned in the exclusion criteria, this study did not include samples from individuals who did not utilize the Internet for text, voice, or video communication. Thus, in this paper, Internet use by older adults was defined as accessing the Internet through various devices and engaging in at least text, voice, or video communication.



3.2.3 Voluntary activity participation

The questionnaire used to measure voluntary activity participation consisted of seven items: patrolling in the community, caring for other children and older adults, protecting the environment, tackling neighborhood disputes, accompanying chat, volunteering with required professional skills, and educating the next generation except their grandchildren. If respondents participated in any of them, they were assigned a score of 1. If they did not participate in any voluntary activities, they were given a score of 0.



3.2.4 Friend network

Regarding evaluating older adults’ friend networks, CLASS 2018 utilized the Lubben Social Network Scale (LSNS-6) to gather data on family and friend networks. To evaluate friend networks, participants were asked three questions: (a) How many friends do you see or communicate with monthly? (b) How many friends can you share private matters without hesitation? (c) How many friends can give you a hand when you need it? These questions were designed to assess the breadth and depth of friend networks among the older adults. For example, the readiness to share personal matters without hesitation indicated a high degree of intimacy in the friendship, while the willingness to provide help when needed reflected the closeness and reliability of these friendships. Responses were rated on a scale of 0 to 5, with the options being none, one, two, three to four, five to eight, and nine or more. The sum of these questions’ scores determined older adults’ friend network scores. A higher score indicated that an older adult had both a greater number of connections and more intimate and supportive relationships within their friend network (Cronbach’s α = 0.8342).



3.2.5 Control variables

This study selected control variables based on previous studies and data accessibility, including gender (male = 1, female = 0), age (years), education (illiterate = 1, old-style private school = 2, primary school = 3, secondary school = 4, high school = 5, college degree or above = 6), marital status (married = 1, widowed, divorced, and unmarried = 0), residency area (urban areas = 1, rural areas = 0), self-rated health (with 1–5 indicating very healthy to very unhealthy, respectively), activity of daily living (disability in activities of daily living, yes = 1, no = 0), chronic (the number of chronic diseases), smoke (have smoke behavior = 1, otherwise = 0), household income (logarithmically transformed), elder abuse (yes = 1, no = 0), and work status (with 1–5 indicating work every day, at least once per week, at least once each month, a couple of times a year, and never, respectively).

Furthermore, attitude toward aging was divided into general attitude toward aging and self-attitude toward aging. The general attitude toward aging was measured by the question, “Do you agree that current social changes are increasingly detrimental to the older adult?”, rated on a scale of 1–5, with 1 being strongly disagree and 5 being strongly agree. Similarly, there were seven questions used to measure self-attitude toward aging, including four positive questions (If I get the chance, I want to help the village/neighborhood committee with some tasks; I often feel the need to do more to help society; I now enjoy studying; and I think I’m still helpful to the society) and three negative questions (It’s hard to keep up with the fast-paced social changes; I struggle to accept many viewpoints nowadays; and new social policies are making it hard for me to accept). The process of assigning values was similar to the general attitude toward aging. After reversing the coding of positive questions, we added up the scores to obtain a self-attitude toward aging score (Cronbach’s α = 0.8227). The variable “negative event” was defined as the number of negative events older adults had experienced in the past 12 months.




3.3 Empirical model

Considering depression in older adults as a continuous variable, we used a linear regression as the benchmark model, expressed in Equation 1. The specific model setting was as follows:

[image: Equation for a regression model: Depression sub i equals alpha sub 0 plus beta sub 0 times internet use sub i plus the sum of beta sub m times X sub mi plus epsilon sub i.]

where [image: Text displaying the word "Depression" followed by the subscript letter "i" in italicized font.] denoted the depression of the i-th older adult, [image: The text displays the phrase "internet underscore use subscript i" in an italic font.] meaned whether the i-th older adult uses the Internet, [image: Mathematical notation representing "X" with a subscript "m" and "i".] indicated other control variables, [image: The image shows the Greek letter epsilon subscript i, typically used in mathematical or statistical contexts to denote a variable or error term associated with the i-th element in a sequence.] represented the random error term, and [image: Greek letter beta subscript zero, commonly used to denote the intercept in a regression equation.] was the coefficient of the independent variable.

Given the potential endogeneity issues, we used an instrumental variable model in the robustness check section. Equations 2 and 3 respectively represent the first and second stages in the two-stage least squares method. The model was set as follows:

[image: Equation showing a regression model: Internet_useᵢ equals α₀ plus β₀ times network_signalᵢ plus the sum of βₘXₘᵢ plus εᵢ. Labeled as equation (2).]

[image: Equation showing a model for depression: Depression subscript i equals alpha subscript 1 plus beta subscript 1 times internet use subscript i, plus the sum of beta subscript m times X subscript mi, plus epsilon subscript i. Equation numbered as three.]

Here, [image: A visual representation of a network signal icon, consisting of ascending bars from left to right. Each bar increases in height, typically used to indicate the strength of a network connection.] was the instrumental variable, [image: Mathematical notation displaying the term "internet\_use" in italics with a subscript "i".] was the fitted value of Equation 2, [image: Mathematical expression showing the variable X with subscript mi.] indicated other control variables, [image: Greek letter epsilon with a subscript i.] represented the random error term, and [image: Greek letter beta subscript one, symbolized as \( \beta_1 \).] was the coefficient of the independent variable.

Generalized structural equation modeling (GSEM) was used in this study to examine the mechanism underlying Internet use and older adults’ depression, which allowed for continuous, binary, and multinomial modeling (56). Stata 17’s “gsem” command was used to explore the specific mechanisms. Due to no goodness-of-fit indices from the GSEM procedure, we only reported the Bayesian information criterion (BIC) and Akaike Information Criterion (AIC) values for models (57).




4 Results


4.1 Descriptive analysis

Table 1 presents the descriptive statistics for all variables. It includes the mean and standard deviation (in parentheses) for continuous variables and frequencies for categorical variables like gender and residency area. A T-test was employed to analyze continuous variables, while the chi-square test was used for categorical variables. The average depression level among older adults was 6.7702. Specifically, Internet users within this age group exhibited an average depression level of 5.2828, compared to 7.0317 for non-Internet users. These findings suggested that Internet users exhibited lower levels of depression compared to non-Internet users (T = 15.845, p < 0.001). However, further research is needed to ascertain whether Internet use is negatively related to older adults’ depression.



TABLE 1 Descriptive statistics of variables, CLASS 2018.
[image: A table presents data comparing internet use among 5,558 participants with variables like depression, friend network, activity participation, and socio-demographic factors. Results show differences in depression levels, network signals, health, and income between internet users and non-users. Statistical tests indicate significant variances, notably with p-values under 0.05 for most variables, highlighting associations in gender, age, marital status, residency, activity, smoking, and elder abuse.]

Regarding the independent and mediating variables, approximately 15% of older adults were Internet users. The analysis revealed that older adults who used the Internet had more friends (T = −8.696, p < 0.001) and were more likely to participate in volunteer activities (χ2 = −51.2475, p < 0.001). This study will further analyze and validate the proposed hypothesis by examining the relationship between these variables.

Regarding other control variables, rather than non-Internet users among older adults, silver surfers (Internet users among older adults) were likelier to be younger (T = 18.220, p < 0.001), had higher levels of education (T = −25.546, p < 0.001), resided in urban areas (χ2 = 323.5119, p < 0.001), possessed higher household incomes (T = −15.460, p < 0.001), and had fewer work frequency (T = −7.042, p < 0.001). The two groups had distinctions among different variables in health status and behavior. Explicitly speaking, silver surfers demonstrated better self-rated health (T = 3.578, p < 0.001) and activities of daily living situations (χ2 = 8.4218, p = 0.004). In contrast, a lower number of chronic diseases (T = −3.848, p < 0.001) and proportions in smoking behavior (χ2 = 7.5265, p = 0.006) were found in non-Internet users among older adults. Nonetheless, Internet users among older adults maintained a relatively optimistic attitude toward aging, both in general attitude (T = 3.979, p < 0.001) and self-attitude toward aging (T = 14.371, p < 0.001).



4.2 Correlation analysis

We used three different methods based on the types of variables. First, we applied Pearson correlation analysis for the correlation between continuous variables. Second, for the correlation between categorical variables and continuous variables, we used point-biserial correlation analysis because the categorical variables in this study were binary. The results of this analysis were bolded in the table; third, we assessed the correlation between categorical variables using Cramér’s V coefficient and conducted the chi-square test. Unlike the Phi coefficient, Cramér’s V coefficient produces consistent results for 2×2 contingency tables, and it can also be applied to larger contingency tables. The results were highlighted in both bold and italics.

Table 2 presents the results of the correlation analysis. The results indicated that internet use, voluntary activity participation, and the friend network were all significantly and negatively correlated with depression, with p < 0.001. Additionally, internet use and voluntary activity participation, as well as internet use and the friend network, were both significantly and positively correlated, with p < 0.001. Furthermore, voluntary activity participation and the friend network were negatively correlated, with p < 0.01. These findings provided initial support for the hypotheses outlined in the article, although further empirical analysis was necessary.



TABLE 2 Results of correlation analysis.
[image: Correlation matrix displaying relationships among 19 variables including depression, internet use, and elder abuse. Significant correlations are marked with asterisks: *p<0.05, **p<0.01, ***p<0.001. Bold variables are binary categorical, and italicized values signify Cramér's V coefficient.]



4.3 VIF test

Before conducting regression analysis, it was vital to test for multicollinearity among variables in the regression using the VIF test. Table 3 presents the VIF test results, indicating that all variables have VIF values between 1.04 and 1.50, with an average of 1.21. Even the highest VIF value was only 1.50, lower than the standard of 10 set by the VIF test. This suggested that there was no serious multicollinearity problem in this study.



TABLE 3 VIF test results.
[image: Table displaying variables with corresponding VIF and 1/VIF values. Variables include Internet use, Friend network, Gender, and Education, among others. VIF values range from 1.04 to 1.50, and 1/VIF values range from 0.667773 to 0.960085.]



4.4 The association between internet use and older adults’ depression

Upon adding various control variables from model 1 to model 3, the independent variable’s significance level remained stable, implying that Internet usage had a negative relation with older adults’ depression regardless of some changes in coefficient values (coefficient = −0.9321, p < 0.001).

Regarding other variables, a negative association was found between older adults’ depression and both a friend network (coefficient = −0.0946, p < 0.001) and participation in community volunteer activities (coefficient = −0.3248, p < 0.001). This implied that having a greater degree of friend networks and engagement in volunteer activities was related to a decrease in older adults’ depression. Moreover, older adults with spouses were significantly correlated with lower depression levels than those without partners (coefficient = −0.4358, p < 0.001).

Regarding health variables, the benchmark regression revealed that self-rated health and older adults’ depression had a positive relationship (coefficient = 0.5719, p < 0.001). Likewise, chronic illness numbers had an identical association with depression among older adults (coefficient = 0.1337, p < 0.001). This suggested that as the number of chronic illnesses increased, so did the level of depression. Furthermore, smoking, as a health behavior, was linked to older adults’ depression. Compared to non-smokers, smokers were likelier to have higher levels of depression (coefficient = 0.2985, p < 0.001).

Socio-economic factors had a notable association with depression among older adults. A rise in household income was highly linked to older adults’ depression reduction (coefficient = −0.1485, p < 0.001). This relation was also applicable to work status. The frequency of paid job work was inversely related to depression levels in older adults (coefficient = −0.0919, p < 0.01). Furthermore, taking into account the experiences and attitudes of older adults toward aging was crucial, which could contribute to analyzing their association with older adults’ depression. Regression analysis showed that elder abuse was a strongly related event to older adults’ depression (coefficient = 0.7382, p < 0.001). Additionally, as the number of negative events increased, so did the levels of depression in this group (coefficient = 0.5648, p < 0.001). Furthermore, both general and self-attitudes toward aging had a positive linkage with depression among older adults. When the score for general attitude toward aging rose, there was a significant corresponding elevation in older adults’ depression (coefficient = 0.4464, p < 0.001). Similarly, self-attitude toward aging also became a significant factor in older adults’ depression (coefficient = 0.1385, p < 0.001) (Table 4).



TABLE 4 Regression results of the association between Internet use and older adults’ depression.
[image: Regression table displaying coefficients and standard errors for three models. Key variables include Internet use, friend network, and volunteer activity participation, with coefficients decreasing across models. Significance levels are denoted by asterisks, where three asterisks indicate p < 0.001. Model 1 has a constant of 7.0317 with an R-squared of 0.043, Model 2 has 8.0302 with an R-squared of 0.071, and Model 3 has 3.0367 with an R-squared of 0.233. Number of observations is 5,558 across all models.]



4.5 Robustness checks

Three methods were employed to test the robustness of the study, including changing the setting of the independent variable, changing how to measure the dependent variable, and using different models for analysis.

Firstly, we conducted robustness testing by altering the settings of the independent variable. In the benchmark regression, the measurement method for Internet usage was binary—whether or not older adults use the Internet. We replaced it with the Internet use frequency and recoded it. The values 1 to 5 indicated the frequency of Internet usage, with 1 representing never using the Internet, 2 representing a couple of times a year, 3 representing at least once per month, 4 representing at least once each week, and 5 representing daily use. The higher the value, the more frequent Internet usage.

Table 5 presents the outcome of changing the independent variables setting without altering other control variables. The correlation between Internet use and older adults’ depression remained stable (coefficient = −0.2690, p < 0.001), which coincided with the benchmark regression. The significance levels of other control variables also unchanged, such as friend network (coefficient = −0.0935, p < 0.001), volunteer activity participation (coefficient = −0.3260, p < 0.001), marital status (coefficient = −0.4353, p < 0.001), self-rated health (coefficient = 0.5707, p < 0.001), number of chronic diseases (coefficient = 0.1353, p < 0.001), smoking behavior (coefficient = 0.2947, p < 0.001), household income (coefficient = −0.1508, p < 0.001), etc. Thus, the results of this research could be considered robust.



TABLE 5 Robustness checks by employing a continuous variable to measure the Internet use.
[image: A table displaying regression results for three models with various variables. Model 1 includes coefficients for internet use, constant, and others. Model 2 adds friend network, volunteer activity, and gender. Model 3 expands further, showing additional variables like self-rated health, chronic diseases, income, and more. Statistical significance is marked with asterisks for p-values below 0.05, 0.01, and 0.001. The number of observations is 5,558 for all models. F-test values and R-squared values are provided, indicating model performance.]

Secondly, we changed the way we measure the dependent variable. CES-D scale containing 12 items was applied to measure depression among older adults. Compared to the previous measurement, three new items were added to the CES-D scale, including “Did you feel like you did not have anyone to accompany you in the past week?,” “Have you felt overlooked in the past week?,” and “Have you felt isolated in the past week?.” Each item was coded as 1 = Never, 2 = Sometimes, and 3 = Often. We recoded their assigned values from 1 to 3 to 0 to 2 and then added the scores. Finally, depression ranged from 0 to 24 (Cronbach’s α = 0.7515).

Table 6 shows the analysis results after adjusting the dependent variable setting. Notably, including additional control variables did not alter the direction or significance level of the independent variable’s coefficient (coefficient = −0.9760, p < 0.001).



TABLE 6 Robustness checks by altering the method of dependent variable setting.
[image: A table presents regression analysis results for three models. Model 1 shows a significant negative effect of internet use. Model 2 incorporates friend network and volunteer activity participation, also showing significant negative coefficients. Model 3 includes additional variables like age, education, and income, displaying various significant coefficients. The constant values, number of observations, F-test results, and R-squared values increase from Model 1 to Model 3, indicating model adjustments. Robust standard errors are presented in parentheses, with significance levels indicated by asterisks.]

Thirdly, considering potential endogeneity issues, we applied the instrumental variable method for robustness analysis. In terms of selecting instrumental variables, we used whether there is a network signal in the house as the instrument variable. The reason was that Internet use is closely related to network signals, but there is unlikely a direct connection between network signals and the occurrence of older adults’ depression. The assignment method for network signal variables was as follows: If there is a network signal in the house, it is assigned a value of 1. Conversely, if there is no network signal, it is given a value of 0.

Table 7 presents the analysis results. The first-stage regression outcomes were displayed in Model 1, while Model 2 showed the second-stage regression outcomes. Model 1 indicated a significant positive coefficient of the network signal (coefficient = 0.3122, p < 0.001), with a highly significant F-test value (F-test = 988.69, p < 0.001), suggesting a correlation between the network signal and Internet use. Meanwhile, the weak identification test results were also needed to verify the effectiveness of the instrument variable. Regarding the Stock-Yogo weak IV test, the critical value of it at the 10% level is 16.38, much lower than the F-test value. This indicated that the network signal is not an invalid instrument variable. Moreover, there was no need for an over-identification test since the number of instrumental and possible endogenous variables is 1.



TABLE 7 Robustness checks by using instrumental variable analysis.
[image: Table comparing two regression models with various variables. Model 1 and Model 2 provide coefficient estimates and standard errors for factors like network signal, internet use, and others. Statistical significance is indicated by asterisks, and information on tests like F-test and Wald chi-squared is included. The table notes robust standard errors, and significance levels are denoted by asterisks.]

Based on the results of Model 2, it could be seen that the result was consistent with the benchmark regression and other robust checks, indicating that the result of the study is robust. In addition, the endogeneity test yielded a p-value of 0.9606, suggesting that the study is not affected by endogeneity issues.



4.6 Mechanism analysis

We intended to investigate the previously proposed mechanism in this section. Figure 2 clearly depicts the generalized structural equation model results and shows that Internet use and friend networks among older adults have a positive relation (coefficient = 1.0411, p < 0.001). Additionally, the friend network was negatively related to older adults’ depression (coefficient = −0.0946, p < 0.001). Therefore, the friend network was a mediator in this path, which validates Hypotheses 1, 2, and 3. Similarly, we found a positive relationship between Internet use and participation in volunteer activities (coefficient = 0.1253, p < 0.001). Furthermore, participation in volunteer activities was negatively associated with depression in older adults (coefficient = −0.3249, p < 0.001). These results validated the role of volunteer activity participation, thereby verifying Hypotheses 4, 5, and 6. Moreover, a noteworthy inverse relationship existed between engaging in volunteer work and the size of the friend network (coefficient = −0.3437, p < 0.001). Consequently, volunteer activity participation and friend networks also formed a chain mediating role in the analytical framework, which validates Hypotheses 7 and 8.

[image: Diagram showing relationships between Internet use, volunteer activity, friend network, and depression. Internet use impacts volunteer activity (0.1253) and depression directly (-0.9321) and indirectly via volunteer activity (1.0411). Volunteer activity influences friend network (-0.3437), which affects depression (-0.0946) and links back from depression (-0.3249).]

FIGURE 2
 Generalized structural equation model results of the relationship among Internet use, volunteer activity participation, friend network, and older adults’ depression. ***p < 0.001, **p < 0.01, *p < 0.05. The standard error is the robust standard error. The control variables in this model are identical to the previous models. Log pseudolikelihood = −30,941.167, Log Likelihood = −30,941.17, Degree of Freedom = 27, Akaike Information Criterion (AIC) = 61,936.33, Bayesian information criterion (BIC) = 62,115.15.




4.7 Further analysis

After analyzing the relationship between Internet use, volunteer activity participation, friend networks, and older adults’ depression, we wanted to discuss the participation intensity instead of solely considering whether older adults participate in community volunteer activities. The same items applied to measure volunteer participation were also used to measure activity participation intensity. However, the method of variable setting changed. Each item had response options ranging from “never” to “almost every day,” rated on a scale of 0 to 4. We calculated an activity intensity score by counting each item’s score. The total score ranged from 0 to 28, indicating higher participation intensity (Cronbach’s α = 0.8839).

Figure 3 depicts the results of the generalized structural equation model. We observed a negative correlation between Internet usage and the intensity of activity participation (coefficient = −0.3159, p < 0.05). This contradicted the prior model. The intensity of participating in activities was negatively correlated with depression among older adults (coefficient = −0.0246, p < 0.01). The direction and significance of the path of Internet usage, the friend network, and older adults’ depression were consistent with those shown in Figure 2. This meaned that Internet use and the friend network had a positive relation (coefficient = 0.9811, p < 0.001), and the friend network was negatively linked to older adults’ depression (coefficient = −0.0947, p < 0.001). In addition, participation intensity was still negatively correlated with the friend network (coefficient = −0.0536, p < 0.001), which was consistent with Figure 2.

[image: Diagram showing relationships between Internet use, participation intensity, friend network, and depression. Internet use negatively impacts participation intensity (-0.3159*) and directly affects depression (-0.9750***). Participation intensity influences the friend network (-0.0536***) and depression positively (0.9811***). The friend network affects depression (-0.0947***), and participation intensity's impact on the friend network has a smaller effect on depression (-0.0246**). Arrows indicate direction, with asterisks denoting significance levels.]

FIGURE 3
 Generalized structural equation model results of the relationship among Internet use, participation intensity, friend network, and older adults’ depression. ***p < 0.001, **p < 0.01, *p < 0.05. The standard error is the robust standard error. The control variables in this model are identical to the previous models. Log pseudolikelihood = −43401.925, Log Likelihood = −43401.93, Degree of Freedom = 27, Akaike Information Criterion (AIC) = 86857.85, Bayesian information criterion (BIC) = 87036.67.





5 Discussion

This study aimed to examine the relationship between internet use and depression in older adults within the context of aging and digitization. It also examined the mediating role of older adults’ volunteer activity participation in the community and their friend networks. The study’s findings were as follows:

First, we found that Internet use was linked to lower depression in older adults, and the mechanism was their friend networks. This is consistent with previous studies (34, 35). However, unlike previous research that explains this mechanism by focusing on social support (10), we aim to clarify it based on the socioemotional selectivity theory. This theory indicates that people tend to seek out pleasant experiences as they age. Compared to acquaintances, older adults have more positive emotional experiences with close social partners like family and friends (58). Moreover, older adults can terminate unsatisfying friendships within their social networks due to the voluntary nature of friendships (59). Therefore, the Internet can help older adults actively adjust their friend networks without being limited by time and space, thus keeping more intimate relationships, obtaining more emotional experiences, and decreasing depression levels. The study’s results also verify it, indicating that internet use is linked to an increase in the friend networks of older adults, and older adults’ friend network is related to a decrease in depression levels.

Second, our research discovered that engagement in voluntary activities mediated Internet usage and depression in older adults. This also aligns with previous research (11). Previous studies have pointed out the Internet’s role in breaking down communication barriers with volunteers (40) and providing information about voluntary activities (60), which encourages volunteer participation. Our study further focused on the intrinsic motivation for older adults’ volunteer participation, with older adults themselves at the core of our analysis. Older adults tend to choose goals that are more emotion-related (61). Volunteering helps individuals feel like they matter and are making a contribution (37, 38), which is essential for older adults to gain emotional fulfillment. Therefore, the Internet facilitates older adults’ engagement in volunteer activities to realize emotion-related goals. Our study’s results also indicate that Internet use is associated with an increase in voluntary activity participation, which is linked to a decrease in depression levels.

Third, we explored the chain mediating role of volunteer activity participation and friend network. There has been limited research focusing on both simultaneously (12). We mainly analyzed the chain mediation relationship in terms of voluntary motive. Older adults tend to maintain existing friendships and participate in volunteering to act on important values (51, 52) due to the relative importance of volunteering and staying with family and close friends (50). They gradually prefer to maintain existing friendships through volunteering rather than cultivate new friendships (18). From the perspective of voluntary motive, older adults engaging in volunteer work may not benefit their friend networks. In addition, older adults who volunteer may experience conflicts in their roles, such as caring for sick or disabled adults (53, 54). Moreover, older adults may be less likely to engage in volunteer activities with their close friends, especially in informal community volunteering. Therefore, we hypothesized that changes in voluntary motive and role conflicts could be connected to the diminishing of older adults’ friend networks. Our analysis confirms this hypothesis, indicating that volunteer activity participation and participation intensity are linked to a decrease in older adults’ friend networks. The empirical analysis results also validate the mechanism behind the relationship between internet usage and depression in older adults as a chain mediation.

This study inevitably has some limitations. Firstly, due to the original data constraints, the friend network was measured by the Lubben Social Network Scale. In future studies, it would be beneficial to divide friendships into ordinary and close friends to explore the heterogeneity of friend networks with different psychological distances. Secondly, this study did not examine whether volunteer activity participation in other places is related to depression in older adults. Further studies could expand the research scope. Last but not least, future studies may use longitudinal data or experimental designs to make causal inferences.

The study’s findings point toward some potential policy implications that could be considered: First, the internet allows older adults to maintain intimate relationships, prevent social bond deterioration, and avert depression. Hence, we suggest that the government should prioritize digital empowerment for older adults. The community could mobilize tech-savvy older adults to help other seniors adopt digital technology and encourage them to use the Internet. Second, older adults prioritize positive emotional experiences, and they can achieve this through participating in voluntary activities within the community, which can help reduce levels of depression. Considering time and space constraints, communities could be an important place for older adults to volunteer. Therefore, we suggest that the government could assist in creating older adult-friendly communities by establishing activity centers and recording the preferences of older adults. Social workers could collaborate with tech-savvy older adults to organize various voluntary activities, encouraging more senior citizens to participate and achieve a balance between online and offline activities in their lives. Third, due to changes in volunteer motivations and potential role conflicts, older adults experience a decrease in their friend networks during volunteering. Thus, we suggest that the community should consider the form of activities, such as online-based activities, that can be shared across communities or even regions, allowing older adults to engage with their friends and meet like-minded individuals. The community should also pay attention to the format of offline activities to help older adults make friends first rather than solely focusing on voluntary activities.



6 Conclusion

In summary, this study used various methods to test whether Internet use was associated with older adults’ depression. After conducting empirical research, we found a significant negative correlation between the two variables, which remained consistent across several robustness checks. We also found that volunteer activity participation and friend networks played a chain mediating role. Further analysis revealed that participation intensity and friend network played the same role in this relationship. We propose some recommendations based on the findings of our study, including mobilizing tech-savvy older adults to help others adopt digital technology and encouraging them to use the Internet. We also suggest that government could assist in creating older adult-friendly communities, and social workers could collaborate with tech-savvy older adults to organize various voluntary activities. In addition, we recommend that the community should consider the form of activities to help older adults make friends first, rather than solely focusing on voluntary activities.
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Objective: The role of informal social support in fostering active aging within the context of the “silver wave” is significant. This study investigated how such support influenced the mental health of older adults, with the goal of affirming its indispensable contribution to enhancing their psychological well-being.
Methods: Employing Principal Component Analysis (PCA) to construct the informal social support variable, this study rigorously analyzed the effects and underlying mechanisms of informal social support on mental health in older adults, utilizing data from the 2018 China Longitudinal Aging Social Survey (CLASS).
Results: Informal social support exerted a substantial positive influence on the mental health of older adults, particularly among younger, non-agricultural older adult populations who preferred cohabitation with their children. This form of support significantly enhanced mental well-being by elevating life satisfaction, improving access to medical services, and fostering active social engagement.
Conclusion: This study elucidates the role of informal social support in bolstering the mental health of older adults. Future efforts should focus on fostering a supportive environment that enhances older adult care experiences, reforming the healthcare system to better meet the needs of the aging population, and promoting avenues for social engagement, thereby achieving a balanced integration of their emotional and physical care.
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1 Introduction

The 2023 United Nations “World Social Report” identified a significant demographic shift, noting that the global population aged 65 and over reached 761 million in 2021, with projections indicating a rise to 1.6 billion by 2050. This demographic transformation will have far-reaching implications for various facets of human activity and societal structure. Consequently, enhancing older adult health and well-being has emerged as a strategic priority for global policymakers. The rapid acceleration of population aging is also associated with increased mental health challenges among older adults (1). The abrupt transition in social roles post-retirement often leaves individuals struggling to adapt, potentially leading to diminished self-worth and psychological issues like loneliness. A World Health Organization report has highlighted that addressing mental health in older adults is integral to fostering active aging. Thus, examining this issue is both a practical response to these mental health challenges in society and an essential component of the broader agenda on active aging.

The mental well-being of older adults has increasingly attracted scholarly attention, emerging as a key aspect in the progression of aging-related initiatives (2). The various determinants influencing older adults’ mental health have stimulated significant public discourse. Current studies indicate a substantial positive correlation between social support and the mental health of older adults, highlighting its substantial impact (3). Social support, a concept rooted in the 1970s, encapsulates the perceived care and assistance received from others. This concept has gained significant traction across disciplines such as Sociology, Psychology, and Medicine. In the context of older adult mental health, researchers have categorized social support into formal and informal types (4). Formal support, typically provided by governmental bodies, institutions, enterprises, and communities, includes mechanisms such as social security systems, medical security frameworks, and policies that prioritize the welfare and dignity of older adults. Conversely, informal support stems primarily from familial connections, neighbors, friends, and peer groups, offering emotional, behavioral, and informational assistance (5). One report has highlighted that the demand for informal older adults support is expected to increase due to larger older cohorts and longer periods of care needs (6). Especially after COVID-19, the informal social support among the older adults is increasing rapidly due to the shortage of medical resources and the cessation or limitation of formal services for older adults (7).

Therefore, this study investigates the influence of informal social support on mental health in older adults by examining the relationship and underlying mechanisms. The research addresses two key questions: (1) To what extent does informal social support affect the mental well-being of older adults? (2) Through what pathways does this influence operate? Utilizing data from the 2018 China Longitudinal Aging Social Survey (CLASS) and applying Principal Component Analysis (PCA), this study provides a comprehensive analysis of the effects and mechanisms by which informal social support impacts the mental health of older adults.

The study makes several distinct contributions. Firstly, it introduced the concept of informal social support, offering a novel lens to assess its influence on mental health in older adults, thereby broadening the existing insights in this area. Secondly, PCA was employed to construct a multidimensional framework for informal social support variables, enhancing the precision of measurement methods and providing empirical evidence at the micro-level for the pathways through which informal social support influences mental health in older adults. Thirdly, the study not only dissected the heterogeneity of informal social support’s role in enhancing mental health in older adults but also rigorously investigated the transmission pathways, focusing on life satisfaction, access to healthcare, and social engagement, thereby extending the scope of current research.



2 Literature review

The international society faces growing concerns regarding the mental health of older adult population. Mental health, defined as a state of complete psychological well-being, encompasses positive internal experiences, strong social adaptability, and the effective use of personal potential and social functions. This state is understood as a dynamic and ongoing process of achieving balance (8). Presently, nearly one-third of older adult population experiences psychological disorders (9). When mental health is maintained, older adults tend to lead more joyful lives, which correlates with a heightened sense of subjective well-being (10). Notably, older adult women report higher levels of spiritual well-being compared to their male counterparts (11). Additionally, those who are rural, widowed, or of lower income are at a greater risk of experiencing loneliness (12).

Extensive research has been conducted on factors influencing mental health in older adults. One study emphasized the internal attributes of older adults, noting that enhanced social participation is associated with a deceleration in the progression of depression, ultimately benefiting mental well-being (13). Additionally, cultivating positive lifestyle choices and habits contributes to sustaining mental health in older adults (14). Some researchers have identified a strong correlation between sleep quality, dietary habits, physical activity, and the mental well-being of older adults (15). Further research has highlighted the influence of external factors, noting that, in the context of rapid advancements in information technology, internet usage inversely correlates with depression levels among older adults, while the digital divide poses risks to their mental health (16). Consequently, increased frequency and proficiency in internet usage, along with a broader utilization of its functions, contribute to improved psychological health in this population (17).

Current research has yet to systematically address the effects of informal social support on mental health in older adults. Existing literature, while acknowledging the role of social support, primarily emphasizes its overall impact. For instance, Krause in 2007 found that social support positively correlates with improved mental health and enhances older adults’ sense of life meaning (18). Studies also indicate that informal support networks help alleviate death-related anxiety among older adults, whereas formal interventions, such as participation in major illness insurance and cooperative medical reimbursement, are associated with heightened anxiety about death (19). In addition, informal support exerts a more profound influence on the mental well-being of older adults compared to formal support (20). Wang et al. in 2022 demonstrated that interactions with relatives and friends, facilitated by social media and active engagement, significantly alleviate loneliness among older adults, thereby bolstering their future outlook (21). Li et al. in 2022, examining the role of filial piety within the context of Chinese culture, identified the fulfillment of filial expectations as a critical determinant of life satisfaction in older adults (22). Notably, disharmony within family relationships can extend its impact on the broader aspects of older adult parents’ lives, contributing to reduced overall life satisfaction (23). While some researchers suggest that care from grandchildren can elevate the happiness of older adults, excessive attention may have the opposite effect (24).

The current body of literature offers a substantial basis for this study, yet certain aspects warrant deeper investigation. First, although extensive research has examined mental health in older adults through the lens of social support—both formal and informal—the multitude of indicators complicates the imprecise analysis of their specific impacts on mental well-being. Second, prior studies on informal social support have predominantly employed limited measurement approaches, often focusing solely on interactions with children or relatives. This narrow scope fails to capture a comprehensive, multidimensional framework for understanding the pathways through which informal social support influences mental health.

This study seeks to bridge existing research gaps by first examining the influence of informal social support on mental health in older adults, thereby broadening the scope of inquiry within this field. The analysis specifically incorporated nine indicators drawn from three distinct categories—children, relatives/family members, and friends—to offer a more nuanced and comprehensive understanding of the mechanisms through which informal social support impacts the mental well-being of older adults, supported by robust literature.



3 Research design


3.1 Data source

The data utilized in this study were sourced from CLASS, a survey primarily designed and implemented through a collaboration between the Development Research Center and the Institute of Gerontology at Renmin University of China, employing Probability Proportional to Size Stratified Sampling (PPS). Initiated in 2014 as a baseline, the survey follows a biennial cycle to systematically capture social and economic background data on China’s older adult population. This longitudinal approach aimed to illuminate the various challenges encountered during the aging process, thereby providing both theoretical and empirical foundations for addressing the implications of China’s aging demographic. In 2018, CLASS expanded its scope to include 28 provinces, municipalities, and autonomous regions, targeting older adult individuals aged 60 and above, with an initial sample size of 11,419. Following data cleaning and the exclusion of missing values, 7,063 valid samples were retained.



3.2 Variable selection and processing

The dependent variable in this study was the mental health level of older adults, measured using indicators derived from the CLASS 2018 database. A total of 12 items constituted the relevant indicators (Table 1). Items 1, 4, and 9 corresponded to positive mental health indicators, while the remaining items reflect negative aspects. Responses were scored on a scale of 1 to 3 for “no,” “sometimes,” and “often,” respectively. Negative indicators were reverse-coded to accurately represent the overall mental health level. This variable was continuous, with scores ranging from 9 to 36 points, where a higher score indicated a higher level of mental health.



TABLE 1 Selection of mental health indicators for older adults.
[image: Survey table listing 12 items about feelings and experiences over the past week, with three response options: No (1), Sometimes (2), and Often (3). Each row addresses a different emotional or experiential state, such as mood, loneliness, and interest in life.]

This study focused on informal social support as the independent variable. PCA was employed to condense indicators such as financial support from children, frequency of contact, household assistance, and communication with family, relatives, and friends, including heart-to-heart conversations and the extent of provided help. Initially, indicators were standardized, and then the reliability of the PCA method is assessed using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of sphericity. After conducting the analysis in Stata 17, the KMO value was found to be 0.798, and Bartlett’s test of sphericity was significant at p = 0, indicating that the PCA results are reliable. Then, the factor matrix was subjected to an orthogonal rotation using the varimax method, yielding the factor loadings and eigenvalues of the principal components. The results are presented in Tables 2, 3.



TABLE 2 Eigenvalues and contribution rates of principal components.
[image: Table displaying principal component analysis results with nine factors. Each factor has eigenvalues, proportions, and cumulative percentages. PC1 has an eigenvalue of 3.6918, contributing 41.02% cumulatively. By PC9, the cumulative percentage reaches 100%.]



TABLE 3 Principal component scoring coefficients.
[image: Table displaying indices with three principal components (PC1, PC2, PC3). It includes values for financial support, contact frequency, household assistance from children, relatives and friends' contact and support. Each index shows varying contributions to each principal component.]

Initially, based on the principle of retaining principal components with eigenvalues greater than 1, two principal components were selected. However, as shown in Table 1, the cumulative contribution rate of these two components is only 58.18%. To retain more information from the original data, the cumulative contribution rate was increased to nearly 70%, leading to the retention of three principal components with eigenvalues of 3.6918, 1.5543, and 0.9722. These components contribute 41.02, 17.16, and 10.80% of the total variance, respectively. To obtain the factor loadings of the principal components, a varimax rotation was applied using the varimax method. Table 3 presents the scoring coefficients for the principal components by Stata 17. The expressions for calculating the principal component scores are [as shown in (Equations 1–3)]:

[image: Equation for \( f_1 \) is shown: \( f_1 = 0.0677 f_{x1} + 0.0700 f_{x2} + 0.4029 f_{x3} + 0.4047 f_{x4} + 0.3876 f_{x5} + 0.0637 f_{x6} + 0.4133 f_{x7} + 0.4093 f_{x8} + 0.4144 f_{x9} \), labeled as equation \( (1) \).]

[image: Equation two expressing \( f_2 \) as a linear combination of terms \( f_x \), with each term multiplied by specific coefficients. Coefficients are 0.2404, 0.6708, -0.0324, -0.0613, -0.0213, 0.6909, -0.0540, -0.0803, and -0.0158 for respective terms from \( f_1 \) to \( f_9 \).]

[image: Equation three represents a linear combination formula: \( f_3 = 0.9430f_{x1} - 0.2484f_{x2} - 0.1214f_{x3} - 0.1158f_{x4} + 0.0169f_{x5} - 0.0980f_{x6} - 0.0044f_{x7} + 0.0210f_{x8} - 0.3876f_{x9} \).]

Based on the above expressions, using the variance contribution rates of each component as weights, an evaluation formula for Informal Social Support (ISS) is established [as shown in Equation (4)], which measures the core explanatory variable of informal social support in this study.

[image: ISS is calculated as the sum of 41.02 times f sub 1, 17.16 times f sub 2, and 10.80 times f sub 3, divided by 68.98.]

Life satisfaction, medical accessibility, and social participation serve as mediating variables in this study. To assess life satisfaction among older adults, the study employed the “satisfaction with current life” item from the CLASS 2018 questionnaire as the primary indicator. Responses were quantified on a five-point ordinal scale, with values ranging from 1 (“very dissatisfied”) to 5 (“very satisfied”). This study operationalized the mediating variable of medical accessibility through three dimensions: health record establishment, free physical examination services, and door-to-door medical services. For health record establishment, the variable was constructed by selecting the database item “whether a health record was established in the past 12 months” and assigning a binary value (1 for “yes” and 0 for “no”). Similarly, the variable for free physical examination services was based on “whether free physical examination services were utilized in the past 12 months,” also coded as 1 for “yes” and 0 for “no.” The door-to-door medical services variable followed the same method, using the item “whether door-to-door medical services were used in the past 12 months” with identical binary coding. Additionally, the variable for older adults social participation was derived from the CLASS2018 database by selecting “whether the individual participated in voting for the local resident committee/village committee in the past 3 years” and assigning a binary value (1 for “yes” and 0 for “no”) to quantify social participation.

This study controlled for variables influencing the mental health of older adults across multiple dimensions, including personal attributes, family characteristics, and socioeconomic status. Specifically, age, gender, marital status, household registration, and health status were accounted for under personal attributes. Family characteristics considered included the number of children, housing type, and land ownership. Socioeconomic status variables included educational level, income, retirement status, and pension location. Internet usage was also controlled, representing the frequency and proficiency of internet engagement among older adults. Additionally, regional variations were addressed through the use of dummy variables. Detailed descriptive statistics were provided in Table 4.



TABLE 4 Descriptive statistics.
[image: Table displaying variables, their definitions, mean, and standard deviation. Categories include Explained Variables (Mental Health, Psychological Consultation), Explanatory Variables (Informal Social Support), Mediating Variable (Life Satisfaction), Medical Accessibility Variables (e.g., Health Record Establishment), and Control Variables (e.g., Gender, Age, Marital Status, Income). Each variable specifies coding and statistical details.]




4 Empirical results and analysis


4.1 Empirical test of the impact of informal social support on the mental health of older adults

The baseline regression results, derived using Ordinary Least Squares (OLS), were presented in Table 5. The findings consistently demonstrate that informal support exerted a statistically significant positive effect on the mental health of older adults, maintaining robustness across models with only core explanatory variables and those with all control variables included. For instance, in Model (3), even after incorporating all control variables, informal social support continued to positively influence the mental health of older adults. This suggests that informal support, typically provided by children, relatives, and friends, plays a vital role in enhancing the mental well-being of older adults. Emotional, financial, and caregiving support from core family members significantly influence the mental health of older adults, enhancing their quality of life in later years. Conversely, support from non-core family members, such as friends and neighbors, alleviates the pressures of dependency on children, contributing to improved mental health through role redefinition and identity reinforcement. In the context of an aging society, each incremental increase in informal social support correlates with a 0.402-unit improvement in mental health in older adults. From a human capital perspective, this dynamic holds substantial implications for bolstering national health capital, individual well-being, and overall human capital quality.



TABLE 5 Regression analysis of the influence of informal social support on mental health of older adults.
[image: Table displaying regression results for three mental health models with variables such as informal social support, gender, age, marital status, education, income, health status, and more. Each model shows coefficients, standard errors in parentheses, and significance levels. Model 3 includes province effect, contributing to a higher R-squared value of 0.286 compared to Models 1 and 2. The constants are significant across all models.]

The regression analysis of control variables in Model (3) revealed several key insights. Although age correlated with a gradual decline in mental health among older adults, this relationship lacked statistical significance. Conversely, married older adult individuals exhibited significantly better mental health compared to their unmarried counterparts. Furthermore, the significantly negative coefficients for self-rated health and hospitalization status suggested a direct link between physical and mental well-being, with better physical health corresponding to improved mental health in older adults. Regarding family characteristics, the presence of more children appeared to correlate with a decline in the mental health of older adults, though this relationship did not reach statistical significance. In contrast, socioeconomic status indicators such as income and educational attainment showed significantly positive coefficients, affirming their beneficial effects on mental health in older adults. Moreover, engagement in internet use by older adults was associated with a modest inhibitory effect on their mental well-being.



4.2 Robustness test


4.2.1 Instrumental variable method

Previous regression analysis indicated a significant positive impact of informal social support on the mental health of older adults. However, the potential for reverse causality between informal social support and mental health presents a serious endogeneity issue. Emotional or financial assistance from children, family members, and friends can alleviate older adults’ living pressures, mitigate feelings of loneliness and alienation, and enhance mental health levels (25). Conversely, older adult individuals who are ill or widowed, driven by the traditional notion of “raising children to care for oneself in old age,” may place greater demands on their children for financial and emotional support. To mitigate endogeneity issues, including self-selection and omitted variables, this study adopted the approach of Zheng and Zheng in 2017 by selecting the provincial average wage level as an instrumental variable (26). A higher average local salary tends to increase the likelihood that older adult individuals will opt for self-reliance, declining financial or emotional support from children, friends, and others. Additionally, elevated socioeconomic status among older adults correlates with reduced dependence on informal social support (27), thereby meeting the requirements for a valid instrumental variable. However, the correlation between the provincial average wage level and the mental health of older adult individuals proved to be relatively weak, thereby supporting the exogeneity assumption of the instrumental variable. Column (1) of Table 6 presented the results from the Two-Stage Least Squares (2SLS) regression. The analysis confirmed that informal social support continued to exert a significantly positive impact on the mental health of older adults at the 1% significance level, reinforcing the robustness of the findings.



TABLE 6 Robustness testing.
[image: Table showing results from three different models: (1) 2SLS, (2) Replace the explained variable, and (3) Winsorization treatment. The first model indicates that informal support positively affects mental health (0.880***) with a standard error of 0.203. The second model shows a negative effect of informal support on psychological counseling (−0.0703**) with a standard error of 0.0348. The third model shows a positive effect on mental health (0.433***) with a standard error of 0.0431. Province effect is accounted for in all models. Control variables remain constant across models. R-squared values are 0.157 and 0.286 for the first and third models, respectively. Adjustments for statistical significance are provided at the bottom.]



4.2.2 Replacing the explained variable

The main regression employed a composite measure of various psychological emotions to effectively represent the mental health status of older adults. An alternative approach to assess mental health was through the utilization of psychological counseling services, as individuals who opted for these services may exhibited poorer mental health. To ensure robustness, this study incorporated the question “Do you use psychological counseling?” from the CLASS 2018 questionnaire as the dependent variable to further analyze the impact of informal social support on mental health in older adults. As shown in Column (2) of Table 6, even after substituting the dependent variable, the coefficient for informal social support remained significantly positive at the 1% level, confirming that informal social support continued to have a substantial positive effect on the mental health of older adult individuals, and the regression results maintained robustness following this adjustment.



4.2.3 Winsorization treatment

Outlier values in the data could potentially bias the analysis results. To mitigate this, a 5% winsorization was applied to both ends of the distribution of the explanatory variable, reducing the impact of extreme values, followed by a regression analysis. The regression results, presented in Column (3) of Table 6, demonstrated that even after the winsorization treatment, the coefficient for informal social support on mental health in older adults remained significant at the 1% level. This result suggests a robust positive correlation between higher levels of informal social support and improved mental health outcomes in older adults.





5 Further analysis


5.1 Heterogeneity analysis

The analysis determined that while informal social support generally enhanced the mental health of older adults, this conclusion only reflected the average effect and does not account for the heterogeneous impact across different groups. To derive more nuanced insights, group regressions were conducted based on age, household registration, and retirement location. The detailed results were presented in Table 7.



TABLE 7 Heterogeneity analysis of the impact of informal social support on the mental health of older adults.
[image: Table displaying regression results with variables categorized by age, household registration, and retirement location. Includes coefficients for informal social support, control variables, province effect, constant values, observations, and R-squared for each category. Standard errors are in parentheses, and significance levels are indicated.]


5.1.1 Age difference

This study categorized older adults population into two groups—low-age and high-age—based on whether respondents were born before 1943. The regression results in Column (1) of Table 7 revealed that informal social support exerted a more substantial positive effect on the mental health of the low-age older adults compared to their high-age counterparts. A plausible explanation lies in the strong positive correlation between advancing age and the prevalence of physical and mental health challenges. As age increased, support from children, friends, and relatives may have diminishing returns on the health of older adults. High-age individuals are more susceptible to severe life challenges such as disability, cognitive decline, and illness, which can erode their will to live. Consequently, for those with better physical health, informal social support plays a more significant role in enhancing mental well-being, while its impact is less pronounced among those in the high-age category.



5.1.2 Household registration differences

This study investigated the differential impact of informal social support on mental health in older adults based on household registration status, categorizing respondents into agricultural and non-agricultural groups. The regression results presented in Column (2) of Table 7 indicated a stronger positive correlation between informal social support and mental health in the non-agricultural older adult population. In contrast, this effect was comparatively weaker among those with agricultural household registration. Consequently, it is essential for relevant authorities to prioritize the mental health of older adults in agricultural households and improve the effectiveness of informal social support in rural areas.



5.1.3 Place of retirement differences

To examine the influence of retirement location on the effect of informal social support on mental health in older adults, this study utilized the CLASS 2018 survey item, “Where do you plan to retire in the future?” Respondents were categorized into two groups: those planning to retire in their children’s households and those opting for non-children’s households (nursing homes, their own homes, etc.). A group regression analysis was then conducted. The results, presented in Column (3) of Table 7, indicated that informal social support exerted a stronger positive effect on the mental health of older adult individuals planning to retire in their children’s households compared to those choosing other retirement settings. This effect may be attributed to the higher availability of financial and emotional support from children, which enhanced the efficacy of informal social support. Consequently, it is imperative for core family members to consider retirement location choices carefully and prioritize the mental health of older adults.




5.2 Analysis of the mechanism of influence

To examine the indirect influence of the mediating variable, this paper draws on the mediation effect model proposed by Wen and Ye (28). Firstly, the impact of informal social support on the mediating variable is tested. Secondly, the influence of the mediating variable on the mental health of the older adults is assessed. Lastly, the combined effect of informal social support and the mediating variable on the mental health of the older adults is examined. The formulas are as follows:

[image: The equation shown is: MED subscript i equals rho subscript i times ISS subscript i plus partial derivative subscript i times X subscript i plus theta subscript i, labeled as equation 5.]

[image: Equation labeled (6) shows: ME sub i equals omega sub 1 times ISS sub i plus omega sub 2 times MED sub i plus mu sub i times X sub i plus pi sub i.]

In the above equations, [image: Italicized mathematical notation showing "MED" followed by a subscript "i".]_irepresents the mediating variable, [image: The expression "ISS" is followed by a subscript lowercase letter "i".]_idenotes informal social support, and [image: The image shows the mathematical symbol "ME" with a subscript "i" in italics.]indicates the level of mental health in older adults, [image: Mathematical expression showing an uppercase X with a subscript lowercase i.]represents the control variables. While [image: Lowercase letter "g" with subscript "i" in italic font.]and [image: Mathematical expression showing the Greek letter pi with a subscript i, indicating an indexed variable or element in a sequence or series.] represent random error terms. If, in Equation 5, [image: Greek letter "rho" with a subscript "i".]remains significant or decreases slightly, and both [image: Greek letter omega with a subscript one.] and [image: Lowercase Greek letter omega with a subscript two.] are significant in Equation 6, it suggests a partial mediation effect, indicating that the influence of the independent variable on the dependent variable is partly transmitted through the mediating variable. If [image: Greek letter rho with subscript i.]becomes insignificant in Equation 5 and both [image: Greek lowercase omega symbol with subscript one.] and [image: Greek letter omega with a subscript two.] remain significant in Equation 6, this indicates a full mediation effect, meaning the impact of the independent variable on the dependent variable is entirely realized through the mediating variable. If neither [image: Lowercase Greek letter omega with subscript one.] nor [image: Lowercase Greek letter omega with a subscript two.]are significant in Equation 6, it implies that no mediation effect exists. The analysis was conducted through three pathways: life satisfaction, medical accessibility, and social participation. The results were presented in Table 8.



TABLE 8 Analysis of the impact mechanism of informal social support on the mental health of older adults.
[image: A complex table shows statistical data divided into two stages, analyzing variables such as life satisfaction, medical accessibility, and social participation. Key variables include informal social support and mental health, with associated coefficients and standard errors. Controls and province effects are noted, along with R-squared values for the second stage. Significance levels are indicated with asterisks. The table highlights the impact of various factors on the dependent variables across multiple observations.]

Table 8, Column (1) presented the first stage of the mediating effect analysis, examining the influence of informal social support on mediating variables. Informal social support markedly enhanced life satisfaction among older adults and exerted a significant positive impact on establishing health records, participating in physical examinations, and utilizing door-to-door medical services, thereby improving medical accessibility for this demographic. Furthermore, it significantly increased their likelihood of engaging in social elections, thereby strengthening their capacity for social participation. The regression results thus suggest that informal social support effectively boosts life satisfaction, medical accessibility, and social engagement among older adults.

Table 8, Column (2), presented the second stage of the mediating effect, analyzing the influence of informal social support and mediating variables on the mental health of older adults. The results indicated that the coefficients for informal social support were significantly positive at the 1% level, as were the coefficients for each mediating variable. Enhancing life satisfaction among older adults contributed to fostering a healthy psychological state. Regarding medical accessibility, measures such as establishing health records, participating in free physical examinations, and utilizing door-to-door medical services significantly elevated the mental health levels of older adults. Additionally, engagement in social elections markedly improved their mental health. Thus, informal social support indirectly enhanced mental health by improving life satisfaction, medical accessibility, and social participation among older adults.




6 Discussion

Many older adult individuals are likely to encounter the challenge of shifting social roles following retirement, making attention to their mental health imperative. The decline in cognitive function, coupled with the abrupt lifestyle changes associated with retirement, can lead to psychological difficulties in approximately 85% of older adult population (29). Disengagement Theory posits that societal balance is maintained through a reciprocal interaction between society and the withdrawal of older adults, governed by established rules that remain unaffected by individual desires (30). Consequently, disengagement from social roles and interactions is an inherent aspect of aging, often accompanied by negative emotions. Addressing this requires enhanced psychological support and emotional care from children, relatives, and friends. China’s deep-rooted cultural tradition of respecting, honoring, and caring for older adults has been perpetuated for thousands of years, forming the ethical foundation of the country’s older adults care practices (31). In rural society, cultural norms and beliefs such as “filial piety” and “raising children for old age” play a central role in guiding social behavior. Social expectations further reinforce the obligation for children to provide financial and emotional support to their parents. Consequently, the family-based and home-based pension models have remained predominant due to the historical continuity of these cultural traditions. Additionally, research indicates that older adult individuals with a larger network of relatives and friends are more likely to maintain a positive outlook during the aging process (32). Social support from friends mitigates the risk of chronic diseases that contribute to anxiety in older adults and alleviates symptoms of depression (33). Consequently, informal social support—primarily from children, family, relatives, and friends—emerges as a significant factor positively influencing the mental health of older adults, a key conclusion of this study.

An in-depth analysis was conducted on how informal social support influenced the mental health of older adults. Older adults care extends beyond merely providing basic needs such as support and dependence; it should prioritize enhancing quality of life and overall satisfaction. The predominant Chinese older adults care model, which emphasizes home-based care, effectively improves the quality of life for older adult individuals residing with their children (34). In contrast, those living in older adults care institutions often report lower levels of life satisfaction (35). This correlation between informal social support and life satisfaction has been validated by various studies. Further research indicates that living arrangements play a critical role in determining the life satisfaction levels of older adults (36). Thus, informal social support plays a significant role in enhancing the life satisfaction of older adults, which is a critical indicator of their overall quality of life and mental health (37). Previous studies have identified a negative correlation between poor psychological well-being and life satisfaction among older adults (38), with this relationship being particularly pronounced in cases of depression (39). Additionally, research suggests that self-esteem and family functioning are key factors in boosting life satisfaction among middle-aged and older adult individuals in rural areas (40). This study empirically supported the notion that enhancing life satisfaction was a primary mechanism by which informal social support influences the mental health of older adults.

Beyond life satisfaction, medical accessibility plays a significant role in the mental health of older adults. This study posited that informal social support enhanced access to medical services, thereby influencing mental health in older adults. The financial status of older adults or their families often acts as a key barrier to obtaining social care and professional medical services (41). Scholars have argued that better economic conditions increase the likelihood of choosing social care and professional medical services (42). Consequently, older adult individuals with limited financial resources or low pension incomes who require medical treatment due to illness are more dependent on their children for assistance. Regarding the influence of medical services on mental health, regular physical examinations and effective doctor-patient interactions enhance older adults’ understanding of their health and improve their physical and mental management abilities. In response, some researchers have proposed the “Door-to-door Medical Services” model, which enables older adults to receive follow-up visits, chronic disease management, physical examinations, and other medical services at home. This model fosters a harmonious doctor-patient relationship, as it is rooted in the familiarity of older adults with their local communities, thereby enhancing their sense of identity and comfort (43). Consequently, increased access to medical services, caregiving, and daily companionship are important factors in improving the mental health of older adults.

The study demonstrated that informal social support enhanced the mental health of older adults by encouraging greater social participation. Family support serves as a fundamental catalyst for this participation, making a positive and nurturing family environment essential for bolstering their emotional inclination to engage in social activities. Within the Chinese cultural context, kinship ties, which are central to the Differential Mode of Association, resemble a series of concentric circles. From the kinship networks established through birth and marriage, broader social networks emerge; this pattern extends to geographical relationships as well (44). For older adults in China, the family remains the primary source of support resources (45). Family-based social networks exert a more pronounced influence on the mental health of older adults in China. Women, compared to men, demonstrate a greater willingness and aptitude for cultivating social relationships outside the family, a tendency that becomes increasingly evident with age (46). Consequently, older adult women tend to have broader friendship networks and more extensive overall social connections than their male counterparts (47). Additionally, researchers have highlighted the strong correlation between the health of older adults and their living environment, emphasizing that social integration and interpersonal relationships provide essential meaning to their lives (48). Thus, social participation plays a vital role in enhancing the mental health of older adults.

The findings of this study hold significant policy implications. Addressing the mental health challenges faced by older adults necessitates the cultivation of a supportive environment to improve their care experience, the reform of the medical system to better meet their needs, and the encouragement of social participation to facilitate their continued contributions.

First, to enhance the care experience of older adults, fostering a supportive and harmonious atmosphere is essential. Promoting cultural values such as “filial piety” and “harmony in the family brings prosperity” tailored to local contexts can help establish a peaceful and cohesive family environment. Additionally, influenced by family ties and blood relations, older adults often anticipate spending their later years surrounded by their children and family members. Thus, family-based older adults care models require redefinition, moving beyond rigid adherence to tradition toward fostering relationships grounded in mutual respect and open communication among family members. It is essential to ensure older adults receive full understanding and care while enhancing family cohesion to elevate their life satisfaction and overall happiness.

Second, addressing the needs of older adults requires strengthening the medical system. This involves advancing the reform of medical services, with a focus on enhancing the supply infrastructure and creating an integrated coordination mechanism between comprehensive hospitals and community health organizations. Tailored care services should be provided based on the diverse medical needs of older adults, aiming to establish a comprehensive and effective healthcare system for this population. Moreover, equitable distribution of medical resources is critical, particularly in enhancing policy support for rural and remote regions. Regular physical examinations and psychological care should be provided through government initiatives, ensuring that older adults have consistent access to medical services.

Third, promoting social participation among older adults enables them to remain active contributors to society. Older adult individuals in good health can be encouraged by some public policies to engage in community volunteer services or simple employment within their capabilities. These activities allow them to realize their value and expand their social networks through meaningful societal interaction (49). Additionally, as information technology continues to evolve with older adults-oriented reforms, online participation has emerged as a new avenue for social integration. For those with limited mobility, enhancing digital literacy and bridging the digital divide can expand their opportunities for online social engagement.



7 Conclusion

Utilizing data from the 2018 China Longitudinal Aging Social Survey (CLASS), this study employs Principal Component Analysis (PCA) to systematically assess the impact of informal social support on mental health in older adults and its underlying mechanisms. The analysis reveals that informal social support exerts a significant positive effect on mental health, particularly among younger, non-agricultural older adult individuals who prefer cohabitation with their children. Among various forms of informal social support, assistance from family and relatives emerges as the most influential factor in enhancing older adult mental well-being. The mechanisms driving this effect include increased life satisfaction, improved medical accessibility, and greater social participation. This study elucidates the impact of informal social support on enhancing the mental health of older adults. Moving forward, efforts should focus on fostering a supportive environment that enriches the care experience for older adults, reforming the medical system to better address their needs, and encouraging social participation to enable their continued contributions. These measures will help achieve a balanced integration of “spiritual care” and “physical care.”

While this study robustly argues for the relationship between informal social support and mental health in older adults, it still has some limitations as follow. First, this study uses cross-sectional survey data, which has certain limitations in the vertical dimension. Second, this study explored the role of life satisfaction, medical accessibility and social participation as the mediating variables, but there may be multiple mediating pathways from other perspectives. By combining all the analysis, future research could utilize panel data to track individual changes for a better understanding. Additionally, the potential mediating variables within digital and intelligent elements could be further considered to expand the depth and scope of future research in the coming era of artificial intelligence.
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Introduction: China is one of the world’s fastest-aging countries. Continuing Care Retirement Communities (CCRCs) have emerged as a viable option for accommodating and serving older adults. However, Chinese CCRCs are still in the early stages, and comprehensive research on resident well-being is still deficient. The study aims to assess how well residents in CCRCs are faring in terms of their psychological and physical health, considering China’s aging population and changing societal structures.
Methods: After a thorough literature review to pinpoint relevant well-being measures in psychological and physical health, the study implemented a survey to capture residents’ experiences and perceptions, and subsequently analyzed how well-being correlates with demographic characteristics.
Results and discussion: The results show that while Chinese CCRCs can enhance residents’ well-being through personalized care and social activities, challenges such as psychological distress and declining physical health remain. Demographic factors, including living situation and length of stay, also affect residents’ well-being. The study emphasizes the importance of ongoing research and evaluation to guide evidence-based practices and improve CCRCs continuously. Overall, it offers a comprehensive analysis of the wellbeing of Chinese CCRCs residents, shedding light on both psychological and physical health aspects and providing valuable insights for enhancing CCRCs design, implementation, and evaluation in China and elsewhere.
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1 Introduction

The global population is rapidly aging, with China being one of the fastest-growing nations (1). This demographic shift presents both challenges and opportunities for public health and socioeconomic development. China must develop an integrated solution that addresses older people’s health and social needs, offering easy access to healthcare and age-friendly placement, as per recommendations from the World Health Organization (2).

China’s growing number of older adults necessitates the creation of age-friendly communities with integrated support for housing and healthcare. This is due to societal shifts from extended family systems, where younger generations traditionally cared for older parents, to now relying on commercially provided care services. A trend that has led to the ‘empty-nest older people’ phenomenon (3), as young people move to major cities for work.

Continuing Care Retirement Communities (CCRCs) are a growing sector offering integrated residential and care solutions for aging populations, primarily through market-driven mechanisms (4). CCRCs, originally from the United States, are residential or life-care communities for older adults, offering 24-h healthcare, security, social activities, dining options, housekeeping, and wellness programs (5). In contrast to their counterparts in the United States, the term “CCRCs” in China broadly and generally refers to commercial senior care facilities. These facilities are often manifested as newly developed communities offering comprehensive services that include housing, senior care, and nursing. Such communities might be designed as mixed-age environments, where a portion of units is specifically adapted for older adults, or as age homogeneity institutions that focus solely on the needs of older adults for self-care, caregiving, and assistance. Some CCRCs integrate “embedded” aged care services within the broader neighborhood to provide living and health care services (6). It is well-recognized that the market for CCRCs in China is extensive, particularly in such major cities as Guangzhou, Shanghai, and Beijing. Moreover, these facilities are predominantly aimed at affluent older individuals who have substantial disposable incomes and welfare benefits (4).

Studies indicate that CCRCs can significantly enhance residents’ well-being (7). The term well-being is defined as a multidimensional concept that encompasses an individual’s overall feelings about their life situation throughout their lifespan (8). CCRCs can improve the well-being of residents by providing personalized care plans and specialized services, such as daily living assistance, rehabilitation facilities, and health maintenance support. Such communal spaces as libraries, green spaces, and social centers encourage social connections and residents’ sense of belonging (9, 118). The well-being of older adults is influenced by environmental, social, and service-related factors (10), making CCRCs well-equipped to meet these diverse needs.

Nevertheless, the Chinese CCRCs sector is still in its early stages, lacking sufficient research and a comprehensive understanding of residents’ well-being. Challenges include psychological distress, physical health regression, and social disengagement-related inconveniences, according to Zhang and Zhang (11).

Furthermore, the lack of consensus on measuring well-being is exacerbated by the focus on single dimensions such as energy and vitality (12), ‘affect balance’ (13), self-esteem (14), depression (15), attitudes to aging (16), and satisfaction with life (17). A holistic well-being assessment requires more sophisticated multidimensional scales that include physical and psychological health, emotional well-being, and social functioning.

Therefore, this paper presents the domains of well-being and associated measures, focusing on a multidimensional approach to evaluating well-being, with the ultimate purpose of revealing the well-being of older adults in CCRCs. To achieve this, the study began with a thorough literature review on well-being measurement to identify the most appropriate one for Chinese CCRCs. Following this, a questionnaire survey was conducted to assess well-being comprehensively across six domains of psychological health and four domains of physical health. The study then analyzed the well-being status and explored the connections between these well-being measures and demographic variables, such as living status and length of stay, to better understand their potential interconnections. It provides valuable insights into the well-being of CCRCs residents, identifying areas that require further attention and guiding targeted interventions to enhance the overall well-being of different resident groups.



2 Methods

To investigate the well-being of CCRCs residents, an in-depth survey was conducted of 13 CCRCs located in Shanghai, China (Figure 1). The entire process was methodically organized, including reviewing and selecting appropriate well-being measurement scales, developing and localizing the questionnaire, obtaining ethics approval, identifying and consulting with survey sites, distributing and collecting questionnaires, scanning and digitizing the data, and conducting a detailed data analysis.
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FIGURE 1
 Distribution of 13 CCRC Sites in Shanghai, China.



2.1 Conceptualizations of well-being and dimensions of well-being scales

Initially, a thorough review of well-being scales was undertaken. The concept of “well-being” remains elusive, dating back to the ancient Greeks (18). Various terminologies, including “subjective well-being,” “adjustment,” “life satisfaction,” “happiness,” “quality of life,” “psychological health,” “wellness” and “morale” have been used to describe different aspects of well-being (19). There are ongoing discrepancies in determining the best method to measure essential aspects of well-being and optimal life functioning.

To obtain comprehensive search results, the aforementioned eight conceptual phrases were individually employed as the basis for searches in both Chinese and English databases, including Web of Science, John Wiley, JSTOR, and CNKI. Understanding the strengths and limitations of various measurements, such as unidimensional, bidimensional, or multidimensional, is crucial, as the choice of measurement depends on the research question being studied (20). Therefore, for each study, the sources and their measurement domains were reviewed separately to identify scales that could comprehensively explore the overall well-being of older adults. This has been addressed in our previous research (6), laying the foundation for the subsequent evaluation of the structure of well-being.

Evaluating the structure is equally crucial in selecting the appropriate scales. The structure of well-being, derived from various approaches, such as “hedonic,” “eudaimonia,” “Quality of Life (QoL),” and “Wellness,” is crucial in selecting appropriate scales.

Hedonic approaches focus on pleasure and happiness, with subjective well-being being the predominant model (21). It includes life satisfaction, the absence of negative emotions, and the presence of pleasant emotions (17). Advocates of this viewpoint typically define well-being by considering all three of these constructs. In contrast, Eudaimonic approaches to well-being suggest that psychological health is achieved through fulfilling one’s capabilities, functioning optimally, or actualizing one’s inherent essence (21). They focus on a broader range of life domains, such as the psychological well-being model (22), which consists of six components: positive relationships with others, autonomy, environmental mastery, purpose in life, self-acceptance, and personal growth.

Additionally, the Quality of Life (QoL) model (21) is a widely used approach to understanding well-being, encompassing physical, psychological, and social functioning. It is often used interchangeably with hedonic or eudaimonic models (23), and is influenced by medicine, sociology, and psychology. The QoL model is commonly used in medical studies and is shaped by such diverse fields as medicine, sociology, and psychology (24). Furthermore, Wellness is a fourth approach to understanding well-being (21), with some researchers using the terms interchangeably. Wellness, a concept similar to eudaimonic approaches, emphasizes optimal functioning and a comprehensive approach to maximizing an individual’s potential, encompassing all aspects of health and functioning, including physical, spiritual, and integrated personality (25). Wellness approaches vary in component, but they all emphasize that being well is more than just the absence of illness. Experts believe wellness should be a holistic lifestyle (25).

Given the multifaceted nature of well-being, multidimensional well-being scales, which evaluate various aspects of well-being by individual domains, offer a more comprehensive understanding of well-being than unidimensional scales (26). Of these scales, the most frequently encountered domains were Affect, Social relations, Physical health, Life satisfaction, Meaning/Achievement, and Spirituality (6). Hence, the assortment scales outlined below are capable of covering the previously identified domains: the Social Production Function Instrument for the Level of Well-being (SPF-IL) (27), Ryff’s Scales of Psychological Well-being (RPWB) (119), the Multi-dimensional Personality Questionnaire Well-being Scale (MPQ-WB) (28), the Multicultural Quality of Life Index (MQLI) (29), and the Life Satisfaction Rating Scale (LSR) (30).

Assessing the well-being of older adults is crucial due to their unique needs and experiences. The WHO defines “well-being” as physical, psychological, and social functioning (6), and the RPWB-54 and SF-36 scales can be used to evaluate the overall well-being of older individuals. The Ryff Scales of Psychological Well-Being (RPWB) is an effective model that aligns with World Health Organization (WHO) criteria, except for physical health. An additional measure, the 36-item Short Form Survey (SF-36), is added to the RPWB to understand and evaluate well-being fully. The SF-36 is particularly effective in assessing physical health in older adults, and its widespread use in research has proven its value in accurately evaluating these outcomes (31). The combined application of RPWB-54 and SF-36 scales for measuring well-being is deemed appropriate for this study.

The RPWB-54 scale was chosen for the present study due to its unique advantages, covering six domains related to psychological well-being: Self-acceptance (SA), Positive Relations with Others (PR), Autonomy (AU), Environmental Mastery (EM), Purpose in life (PL), and Personal Growth (PG) (32). By integrating subjective experiences and evaluations of well-being, RPWB offers a broader understanding of older adults’ psychological health, moving beyond traditional pathology-based definitions and aligning with the research objectives (33). Previous studies have used various versions of the RPWB scales, such as the 18-item version, but poor model fit, and consistency led to their exclusion (34). Pedhazur and Schmelkin (35) suggested excluding further items in the 120-item version for a shorter, psychometrically robust measure. Van Dierendonck and Lam (36) proposed shorter scales, such as 42-item, 54-item, and 84-item versions, as viable alternatives. Considering these factors, the 54-item RPWB Ryff scale (RPWB-54) was selected for this study based on the physical capabilities of older adult participants, considering their physical capabilities.

The SF-36 is a comprehensive health assessment tool that effectively captures health-related well-being, covering both physical and psychological health domains (37). It assesses eight domains: physical functioning (PF), role-physical (RP), bodily pain (BP), general health perceptions (GH), vitality (VT), social functioning (SF), role-emotional (RE), and mental health (MH). Its components assess two principal dimensions: the Physical Component Summary (PCS) and the psychological aspect represented by the Mental Component Summary (MCS) (37). The SF-36’s flexibility allows for the independent use of physical and psychological components within the originator’s guidelines, making it an adaptable supplement to scales such as the RPWB-54.



2.2 Questionnaire development

Afterward, a questionnaire was designed to assess overall well-being. The questionnaire was divided into two primary sections. The initial section gathered information on the respondents’ demographics (including age, gender, marital status, income over the past year, educational attainment, household registration type, community location, present living conditions, and duration of residence); the second section evaluated well-being, using the RPWB-54 to gauge psychological health and the SF-36 to measure physical health, offering a comprehensive overview of the residents’ overall well-being. The full English questionnaire is available in Appendix A. With the support of, Carol D. Ryff and her research team, developers of the RPWB-54 scale, supplied a Chinese version. This version underwent localization to improve clarity for older Chinese respondents, and the authors unanimously approved the revised phrasing of this study.



2.3 Site selection and questionnaire distribution strategy

Subsequently, sites for questionnaire distribution were identified. Due to three pivotal considerations, Shanghai was chosen as the site for data collection of CCRCs. Primarily, the city’s substantial aging demographic, comprising 5.82 million individuals aged 60 years and above (23.4% of the total population), establishes Shanghai as a quintessential city for the examination of CCRCs and the well-being of older adults. Secondly, Shanghai’s policy environment has significantly encouraged investment in the development of CCRCs, particularly following the 2005 “9,073 pattern” policy, which designates care for 90% of older adults at home, 7% through community-integrated care support, and 3% in institutional care facilities. Shanghai’s first CCRC project, Kang-Qiao Community, was established in 2008. Lam and Yan (38) summarized Shanghai’s eleven CCRCs in their previous study, and our research has supplemented this by identifying seven more, as detailed in Appendix B, such as Landlease Ardor Gardens, NEY International Evergreen Homeland. This diversity supplied a rich range of data sources, facilitating comprehensive data collection. Lastly, Shanghai’s pioneering role in the CCRCs sector development, evidenced by its robust economic status and significant capital infusion from commercial developers, affords invaluable insights into potential market expansion growth.

Following ethical approval and detailed consultations with CCRCs community leaders, collaborative arrangements were established with 13 representative CCRCs in Shanghai for questionnaire response collection, focusing on independent older adults. During the ethics approval process, a comprehensive set of materials was submitted, including the study content, consent forms, questionnaire samples, recruitment advertisements, agreements for volunteers, expert interview materials, and other related documents. These materials received approval from the University Human Research Ethics Committee (UHREC) on October 22, 2021, ensuring the study’s adherence to ethical standards. Subsequently, leaders from CCRCs in Shanghai were initially contacted via email, providing comprehensive materials such as proof of ethical approval and questionnaire samples. The emails detailed the study’s objectives, scope, and significance, emphasizing the importance of protecting participant rights, assuring participant anonymity, and highlighting the community’s role in contributing to the study. Although specific community-level sampling criteria were not applied, a more extensive and varied sample was still included in the selection of CCRCs to better capture the overall characteristics of Shanghai’s CCRCs landscape. Following preliminary agreements with some CCRCs, well-trained volunteers, including community managers or higher-ranking officials, visited Shanghai to meet community leaders in person. These discussions covered reward mechanisms for questionnaire participants and the questionnaire distribution strategy. Based on community managers’ suggestions, the questionnaire wording was localized for better comprehension by older adults, and the layout and font size were adjusted for readability. Safety measures were also discussed to minimize direct contact during questionnaire distribution and collection, ensuring the health and safety of older adults amid the pandemic. Additionally, detailed training was provided to community staff to ensure familiarity with the questionnaire content and distribution procedures. This training also included guidance on assisting older adults in completing the questionnaire, ensuring the accuracy and completeness of the responses. This extensive coverage enhances the study’s representativeness and offers a comprehensive understanding of urban CCRCs’ overall conditions.

These 13 CCRCs fall into three distinct categories: all-age institutions, age-homogeneity institutions, and embedded older care facilities within their neighborhoods. Within each category, the CCRCs exhibit notable diversity in their investment, development, operational models, and service offerings. Appendix C provides an overview of the diversity, characteristics, and management of the 13 selected CCRCs.


2.3.1 Age-homogeneity institutions

In the category of age-homogeneity institutions, several CCRCs projects are invested in by Fortune Global 500 companies, such as Taikang Group, Lendlease Group, and Greenland Group. Taikang Community has pioneered the integration of pension insurance, health insurance, and asset management with CCRCs communities and medical systems, utilizing a membership card model to grant residency rights. It is China’s first insurance-based senior care community approved by the China Insurance Regulatory Commission and the largest in Shanghai and East China. Notably, the “membership card” is emerging as a unique model currently prevalent in Chinese CCRCs and widely adopted by major communities. This model allows residents to obtain living and service rights within the community by purchasing high-value membership cards, which are typically inheritable and transferable. Depending on the community’s regulations, these cards may offer varying levels of care and services. This model aids in rapid capital recovery during the initial stages and ensures sustained, stable cash flow, thus becoming a major profit model for many Chinese CCRCs.

Lendlease Ardor Gardens, entirely developed by Lendlease Group, represents its first integrated development model in China, offering hotel-style and membership-based care services for older people. The Greenland International Residence Hotel leverages a membership card to the Greenland Community, Yishangju, to offer “migratory bird” care services nationwide. Additionally, several projects feature international collaborations. NEY International Evergreen Homeland, in partnership with prominent global medical and care institutions, is situated on Shanghai’s first paid-transfer land designated for retirement communities and is recognized as the city’s first green, sustainable CCRC. Star Castle, a joint venture between Fosun Group and Fortress Investment Group, is the first CCRC in Shanghai with foreign investment and older adult care licenses, introducing an all-inclusive rental model and leveraging Fortress’s extensive operational experience from the United States. Puyue—Limitless Love is an open CCRCs community that integrates urban areas with holistic care, combining the CCRCs model with a “Zen” culture hotel for younger generations to promote intergenerational living. Fully funded and operated CCRCs include Xiangshuwan, developed by a subsidiary of Shanghai Wanfeng Group, utilizing a membership card model, and Xiangheyuan, entirely funded by Shanghai Fuyi Elderly Care Co., Ltd., operating on a leasing model with fees based on room type and rental period.



2.3.2 All-age institutions

Within the all-age institution category, AVEO CAMPUS, formed through a joint venture between FKP Property Group and China Tiandi Holdings, leverages a combined sales and leasing profit model. This project integrates over 30 years of AVEO’s experience in high-end senior living operations in Australia, primarily providing comprehensive services for older residents while also offering amenities such as hotels and kindergartens for visitors and residents’ families. China Taiping—Wutong Home, backed by Fortune Global 500 company China Taiping Insurance Group, employs a diversified profit strategy through the sale of insurance products, membership cards, and older adult care services. It uniquely implements a “migratory bird” model, allowing residents to live in different community locations across 16 cities depending on the season. Greenland Community—Yishangju employs a membership card model to mitigate initial funding pressures. It integrates health tourism into its service offerings, and in its third phase, development plans include long-term rental apartments and kindergartens to establish a comprehensive all-age community. Yunqi Lanting, independently developed by Dongju Enterprise, combines membership cards and leasing in its profit model, offering flexible short-term rental services and family rooms to accommodate diverse resident needs.



2.3.3 Neighborhood-embedded living and care institutions

In the category of embedded older care facilities, Senior Living L’AMORE-Shanghai Kangqiao serves as a prominent example. Funded by Sino-Ocean Group and operated in collaboration with Emeritus and Meridian Senior Living (MSL), this project adopts a light asset model by leasing and converting buildings into senior apartments with integrated care services. The building areas, project capacities, and resident populations of these CCRCs vary significantly. Some CCRCs encompass large areas and can accommodate 1,000 of residents, while others are smaller in scale, serving specific demographic groups. This diversity enables each community to tailor its services and facilities to meet the unique needs of its residents. By examining a diverse set of CCRCs, the study enhances the generalizability of its results, ensuring they are applicable to a wider range of CCRC types and demographic groups.




2.4 Questionnaire distribution, data collection, and analysis

Following this, questionnaires were distributed and collected at the selected sites. The survey primarily targeted older adults who live independently. Given the significant resources it would require and the varying willingness to participate, a population census sampling approach was not adopted. Instead, voluntary participation was encouraged for all eligible individuals. As residents with varying levels of independence are housed in different buildings or floors for easier management, the distribution and collection of questionnaires were conducted in a fair, just, and transparent manner to ensure equal participation opportunities for all eligible residents. The data was collected through the distribution of paper questionnaires, augmented by online links and Quick Response (QR) codes through the Questionnaire Star platform-a tool of repute for academic research within China. This process, supported by the collaboration of community managers, used varied distribution strategies across different communities to ensure widespread participation. For instance, in 12 CCRCs, announcements were made inviting residents to collect questionnaires from communal dining areas or senior centers. Alternatively, community managers and volunteers facilitated sessions wherein residents congregated to complete the questionnaires at designated times and locations. Notably, at the China Taiping-Wutong Home, a singular CCRCs adopting a distinct approach, caregivers facilitated older residents’ access to online questionnaires via the Questionnaire Star platform, where the residents either independently completed the questionnaires or were assisted by caregivers who verbalized the questions, ensuring all residents could adapt to and were not hindered by this technological method. Because of the impact of COVID-19, volunteers had to avoid direct interaction with older adults and only offered indirect support in these CCRCs. Each questionnaire was accompanied by an introductory letter outlining the research objectives and a certificate confirming ethics approval.

To incentivize participation and ensure the collection of high-quality responses, residents were provided with modest rewards. A baseline reward of 20 RMB was given for completing the questionnaire, while those who also submitted detailed retirement plans, identified potential conflicts, and proposed solutions were awarded 30 RMB. This incentive scheme was consistently applied across all CCRCs, except for Xiangheyuan Home Care Community, which offered eight eggs and 10 RMB to align with resident preferences. The majority of participants spent more than 3 h on the questionnaire, with some taking an entire morning or day to discuss and analyze the questions with their neighbors. Consultations with volunteers and community staff were limited to question interpretation, thereby maintaining the independence and accuracy of their responses.

One thousand, one hundred and seven (1,107) questionnaires were successfully collected between November 2021 and May 2022. Table 1 summarizes the distribution and proportion of questionnaire sources. It is important to clarify that the volume of questionnaire responses collected does not necessarily correlate with the resident count of the communities. This variation is primarily due to differences in residents’ willingness to participate and the safety challenges encountered during data collection. For instance, despite our implementation of incentive measures and the provision of comprehensive documentation, residents’ levels of trust and interest in participating in the survey varied. Additionally, at Landlease Ardor Gardens, questionnaire distribution was momentarily suspended due to sudden health and safety precautions during the COVID-19 pandemic.



TABLE 1 Distribution and proportion of questionnaire sources.
[image: Table listing Continuing Care Retirement Communities (CCRCs) with corresponding questionnaire numbers and proportions. Taikang Community-Shenyuan has the highest with 168 questionnaires at 16.52%. Landlease Ardor Gardens is the lowest with 2 at 0.2%. A note explains that questionnaire responses are independent of resident population.]

Post-collection, volunteers scanned and transmitted the questionnaires to the Australian research team, where the data was digitized via Questionnaire Star to facilitate unified analysis with China Taiping-Wutong Home’s platform. To ensure data entry accuracy, a double-entry process was implemented: Researcher A initially input the data into Questionnaire Star, after which Researcher B verified the entries against the scanned originals. This role reversal was repeated for thorough cross-checking. Additionally, to ensure data integrity and prevent loss, multiple backup measures were employed, with digitized data stored in Unique RDSS Space, local hard drives, and Questionnaire Star, while the original paper questionnaires were retained. Data preprocessing adhered to Little and Rubin’s (39) guidelines, excluding responses with over 10% missing data and considering the remaining responses as valid. This preprocessing was conducted using Excel.

Finally, the collected data underwent thorough analysis using IBM SPSS Statistics for Windows (version 27.0). Descriptive statistical methods were used to summarize the nine primary demographic attributes of the respondents, including age, gender, marital status, total income over the past 12 months, education level, Hukou type (Hukou is a household registration system used in Mainland China), community location, living status, and length of stay, to establish a comprehensive understanding of the demographic profile of CCRCs residents. By analyzing 10 domains—four physical and six psychological health domains—this approach intended to offer an extensive overview of residents’ health conditions and a detailed examination of each domain’s specifics.

Differential analysis was then applied to investigate the relationship between residents’ levels of well-being and demographic characteristics. To facilitate this analysis, well-being scores were categorized into distinct groups. The lowest quartile (less than 25) was excluded due to an absence of data within this range. The remaining categories were reclassified as “low well-being,” “medium well-being,” and “high well-being,” with scores below 25 indicating low well-being, 50 indicating medium well-being, and 75 indicating high well-being. Independent samples t-tests and one-way ANOVA were used to analyze potential disparities between demographic characteristics and residents’ well-being, providing deeper insights into the primary reasons behind observed variances.




3 Result


3.1 Well-being scales

We identified and summarized 44 measurement instruments of well-being, consolidating scales with the same domains but different numbers of items into a single instrument, as summarized in Table 2.



TABLE 2 Forty four measurement scales of well-being.
[image: A table lists various well-being measurement scales, their authors, and domains. Columns include "Author(s), year," "Name of measurement scale (abbreviation)," and "Domains." Each row details a specific scale, its creators, and relevant well-being aspects such as satisfaction, mental health, affects, relationships, optimism, spirituality, and self-concept.]



3.2 Profile information of respondents

From the 1,107 senior residents across 13 CCRCs who participated in the questionnaire survey, 815 valid responses were retained after excluding those with over 10% missing data. Lee et al. (40) define demographics as population characteristics such as gender, age, and marital status. Table 3 details the demographics of the survey participants.



TABLE 3 Demographics of 815 questionnaire survey respondents.
[image: Table displaying personal information of respondents. Categories include age, gender, marital status, total income over the past 12 months, education level, hukou type, community location, living status, and length of stay. Data shows numbers and percentages for each category. Notable points: most respondents are aged 76-85, female, married, have an income of 60,001-120,000, a university education, urban hukou, live in suburbs, with a partner, and have stayed 1-5 years. Total does not reach 815 due to missing data.]

Most respondents (44.3%) are aged 76–85, with a gender distribution of 54.1% female and 42.2% male. The majority (72.4%) are married, with 20% being widowed. Financially, 42.4% report an annual income exceeding CNY 120,000, significantly higher than Shanghai’s average per capita income of CNY 78,027 in 2021 (41). Nearly half of the respondents have a university degree, followed by high school or technical secondary education (30.4%), and a minority (12.8%) with junior high school education or less.

The majority of respondents in Shanghai, comprising 96.7%, own an urban Hukou, a household registration system in China, compared to only 2.7% holding an agricultural Hukou. This demographic is crucial for understanding the experiences and perspectives of CCRCs residents.

The survey data shows that respondents are distributed across three geographical areas: 25.8% urban, 61.7% suburban, and 12% intersection of suburban and urban areas. This reflects the diverse preferences of older individuals, ranging from nature enthusiasts to urbanized socialites. Living arrangements within CCRCs are 28.6% independent, 67.2% co-reside with spouses and 3.4% share living spaces. The data shows that over half of the respondents in CCRCs have lived there for three or more years, with those over a decade comprising 9.1% of the total participants.



3.3 Psychological and physical well-being of CCRCs residents

Table 4 presents Ryff’s six domains of psychological well-being. The highest score was in Environmental Mastery (EM) at 74.33/100, indicating that residents feel competent in managing their environment and daily life. Self-Acceptance (SA) also scored high at 73.15/100, reflecting a positive self-view and acceptance of the past. Positive Relations (PR) scored 71.78/100, suggesting strong social connections among residents. The Purpose in Life (PL) domain scored 70.07/100, indicating an acceptable level of purpose among CCRCs residents, ranking fourth out of six. The average score of 66.40/100 in the Personal Growth (PG) domain suggests that CCRCs should focus on enhancing residents’ personal growth and addressing practical challenges. Although Autonomy (AU) scored the lowest among the psychological well-being domains, it still falls within the high scorer zone (≥50), indicating that residents maintain an acceptable level of self-determination and personal standards.



TABLE 4 Psychological health domains ranking.
[image: Table displaying the ranking of life domains based on average scores out of 100. Environmental mastery ranks first with 74.33, followed by self-acceptance with 73.15, positive relations with others at 71.78, purpose in life at 70.07, personal growth at 66.40, and autonomy at 65.18. The overall average score is 70.15.]

EM refers to an individual’s ability to create settings based on their psychological state (22), reflecting the supportive environment provided by CCRCs that enables residents to maintain control over their lives (e.g., offering various activities and choices in daily routines). SA emphasizes acceptance of oneself and past life (22). The older CCRCs adults demonstrated good self-acceptance, indicating their ability to create environments where residents feel acknowledged and find peace, such as celebrating personal milestones or participating in memory sharing sessions. This encourages a sense of belonging, maintains positive self-esteem, and promotes emotional health. Additionally, the PR domain, which includes strong empathy (22), affection, and deeper interpersonal connections, was rated 71.78/100 by CCRCs residents. This score suggests that the CCRCs environment, with its communal living arrangements and shared activities, likely maintains or enhances relational qualities by providing numerous opportunities for social engagement, fostering community and enabling residents to connect with neighbors, caregivers, and visitors on an optimistic level. Examples include communal dining areas, social events, and group activities.

The PL domain, which involves having goals, intentions, and direction for a meaningful life (22), received an average score of 70.07/100 from CCRCs residents, ranking fourth out of six. As residents transition through care stages, their perceptions may change due to health status, social networks, and independence. The PL domain’s lower ranking suggests a need for CCRCs to implement measures to help residents find new passions or continue pursuing long-held interests, reinforcing their sense of identity and purpose. This could be achieved through lifelong learning courses, fitness programs, or volunteer opportunities. PG refers to the ongoing development and challenges older individuals face at different life stages (22). This growth can be intellectual, emotional, social, and physical. Engaging in new learning opportunities and hobbies and overcoming daily challenges can contribute to personal achievement and fulfillment. For instance, participating in physical exercise, emotional resilience training, or friendship circles can be beneficial. As older people transition from independent living to dependent care, their difficulties may evolve due to changes in physical capabilities and social environment. AU is defined as self-assessment by personal standards (22), with this score indicating that residents maintain an acceptable level of self-determination and personal standards. Older CCRCs residents often face transitions that may challenge their autonomy, such as moving from independent living to assistance-based settings, making their psychological well-being in terms of autonomy crucial. This can be supported by involving them in care planning, providing opportunities to express preferences, and encouraging participation in community decisions.

The SF-36 (42) was utilized to evaluate the physical health of CCRC residents. The overall average physical health score of 58.33, as shown in Table 5, reflects significant physical limitations experienced by older CCRC residents that cannot be overlooked. The average scores across the four domains present a mixed picture of physical health, with strengths in physical functioning but significant challenges in areas related to daily roles, overall health, and pain management.



TABLE 5 Physical health domains ranking.
[image: Table displaying domains ranked by average scores out of one hundred. Physical functioning ranks first with seventy-one point thirty-six, followed by role functioning/physical at fifty-six point forty-six. General health is third with fifty-three point fifty-two, and pain is fourth with fifty-one point ninety-seven. The overall average score is fifty-eight point thirty-three.]

Specifically, physical functioning in CCRCs reveals that older residents have a relatively high level of physical ability and functionality, with a 71.36 score indicating fewer limitations in their daily activities and higher independence and mobility (37). Examples include participating in exercise classes, joining walking groups, and engaging in gardening activities.

However, three domains were identified with scores below 60, indicating significant health concerns. Role functioning/physical, which measures an individual’s ability to fulfill daily roles and activities, scored 56.46, indicating limitations residents face due to physical health constraints, such as difficulty in performing household tasks and a reduced capacity to engage in social activities. General health, which assesses health status, energy levels, and overall satisfaction, scored 53.52, indicating potential health-related issues of respondents, including issues like chronic illnesses, low energy levels, and dissatisfaction with overall health. Pain (PA), referring to unpleasant physical sensations or discomfort, was also found to be a significant concern with the lowest total score of 51.97. Physical discomfort is a major issue for CCRCs residents, with many experiencing pains that can hinder their daily activities, with chronic pain, joint pain, and fibromyalgia being prevalent (37). The survey found that 63% of respondents were 75 or older, confirming earlier findings and highlighting the importance of addressing pain management in this age group.



3.4 Group comparison

It has been acknowledged that the well-being of older adults may vary across different demographic variables (43). The well-being of older adults was analyzed across nine demographic variables—age, gender, marital status, total income over the past 12 months, education level, Hukou type, community location, living status, and length of stay. Significant associations with well-being were observed for both “age” and “length of stay,” with Pearson Chi-Square values of 49.172 (df = 8, p < 0.001) and 19.092 (df = 8, p = 0.014), respectively, indicating substantial variations in well-being across different age and length of stay groups.

Cross-tabulation analysis in Table 6 shows significant differences in well-being scores of age groups. As age increases, the proportion of individuals reporting high well-being diminishes. In the under-66 age group, 60.4% report high well-being, while 26.5% report it for those over 85. Medium well-being increases with age, from 36.6% in the under-66 group to 64.9% in those over 85. As individuals age, the proportion of medium well-being (50 ≤ value<75) increases, with 36.6% in the under-66 group and 64.9% in those over 85. However, the oldest group has the highest proportion of low well-being, at 8.6%. The overall trend is a decline in high well-being, an increase in medium well-being, and an upward trend in low well-being, particularly those over 85.



TABLE 6 Age and well-being crosstab analysis.
[image: Table showing the distribution of well-being by age groups: <66, 66-75, 76-85, and >85. Well-being categories are 25 ≤ valve <50, 50 ≤ valve <75, and 75 ≤ valve. The total count highlights variations in well-being across ages, with the Chi-Square test showing a significant association.]

Similarly, the significance of understanding the experiences of older individuals living in CCRCs for one to 10 years is highlighted in Table 7, with a higher proportion re-porting medium well-being (54.12%) and high well-being (40.73%). However, long-term CCRCs residents report higher levels of well-being (48.6%). In contrast, low well-being is infrequent across different lengths of stay, particularly for those residing for 3–5 years (only 0.7%). This suggests that most residents achieve at least a medium level of well-being. By contrast, most long-term CCRCs residents report medium well-being, with high well-being gradually becoming comparable in groups residing for over 10 years. Long-term residents may have increased adaptation and satisfaction with CCRCs living over time or established more stable social connections and support networks.



TABLE 7 Length of stay and well-being crosstab analysis.
[image: Table showing the association between length of stay and well-being. Well-being is divided into three categories: 25 ≤ value < 50, 50 ≤ value < 75, and 75 ≤ value. Counts and proportions are presented for four stay durations: 0–3 years, 3–5 years, 5–10 years, and over 10 years. Total counts and proportions are also provided. A statistically significant association is noted with a Pearson Chi-Square of 19.092 and p-value of 0.014, indicating variations in well-being across different lengths of stay.]




4 Discussion


4.1 Well-being of older adults in CCRCs

The research findings indicate that the overall well-being of CCRCs residents is acceptable (64.24), and multiple factors influence their psychological and physical health. These influences may begin with the relocation process and include their experiences with the living environment, social interactions, and the quality of services received after moving in.

Residents’ well-being is influenced by decision-making support, stress mitigation, and engaging residents in enjoyable activities (44). Relocating to CCRCs before physical health declines can reduce stress, while those staying at home continue to face stressors that initially led them to consider relocation (45). These factors contribute to residents’ overall well-being.

CCRCs enhance the well-being of older residents by improving access to health facilities and services and providing supportive environments. Providing initiatives, such as community coordination and shuttle services, enhance residents’ sense of control, even for those with health and mobility challenges (46). Connections with surrounding amenities, such as municipal facilities, natural environments, lakes, forest trails, and reliable public transportation, further enhance residents’ well-being. Furthermore, CCRCs significantly improve the well-being of seniors by recognizing that older adults are diverse with varying interests, preferences, and life goals. They offer a combination of standard and service-oriented housing, significantly enhancing resident well-being (47). Even if not immediately used, the availability of facilities and services can enhance residents’ sense of security and well-being as seniors choose to support their well-being as they age. Moreover, health safety is prioritized through on-site medical services, providing prompt access to care and regular health assessments, especially for residents with chronic conditions or those requiring sudden medical attention (48).

CCRCs improve residents’ mental health by reducing social isolation and promoting autonomy and security. The well-being of older individuals in these communities is influenced by their social relationships and participation in activities (49–51). Social interactions within these communities reduce loneliness, enhance safety perceptions, and significantly contribute to residents’ well-being (52). Moreover, well-being is linked to independent mobility, autonomy, and control over daily life (53). CCRCs enhance residents’ well-being by ensuring safety through secure entryways, illuminated paths, and emergency alert systems. These measures make residents feel protected and secure in their environment, promoting a sense of autonomy and control over their lives (54).

The well-being of CCRCs residents is dynamic, with initial increases and declines, but ultimately higher than non-CCRCs residents (55). This may be due to initial satisfaction with CCRCs services but unsettled by diverse health problems and frequent death notices. Eventually, residents will appreciate the CCRCs as a secure place that offers independence and necessary emergency safety measures (55).

However, CCRCs can sometimes negatively impact the emotional well-being of residents, as staff can cause emotional harm. The mechanisms of these institutions often require older residents to acknowledge the significant role of management in their lives and their limited self-management capacity, leading to a decline in overall well-being (56). Furthermore, during the COVID-19 pandemic, most CCRCs residents experienced a significant decrease in their psychological well-being, including anxiety, depression, anger, and despair. Despite these challenges, CCRCs residents consistently outperformed non-CCRCs residents, highlighting the CCRCs’ ability to support their residents’ well-being, despite a global health crisis (57).



4.2 Group comparison

The well-being scores of different age groups within the CCRCs population offer valuable insights into aging and its impact on older people. The trend of decreasing well-being with advancing age may be due to deteriorating health conditions and loss of social connections (58). Older adults face chronic diseases, cognitive decline, and reduced physical activity, which can affect daily life quality and lead to psychological stress and emotional difficulties. Health challenges can significantly impact daily life quality, leading to psychological stress and emotional difficulties, ultimately affecting well-being (59). Older individuals may experience loss of close friends, changes in social roles post-retirement, and a shrinking social circle, resulting in loneliness and social isolation (117), ultimately reducing their overall well-being (60).

Older adults, particularly those aged 85 and above, are beneficial in promoting health-related well-being of older people, as their comprehensive support services and healthcare can effectively address the health issues these residents face (61). CCRCs provide social engagement opportunities, reducing loneliness and enhancing a sense of belonging (62). They also offer a secure environment with age-friendly facilities and emergency assistance services, ensuring a safe living environment for residents (54). These factors contribute to the overall well-being of residents. However, Liang et al. (63) suggest that refined services and care measures, such as health promotion programs, psychological support, and activities enhancing adaptability, are needed to improve the well-being of individuals aged 85 and above.

Additionally, the experiences of older adults who have lived in CCRCs for one to 10 years differ, as do their levels of well-being. The potential impact of the CCRCs living environment on the long-term well-being of residents is highlighted.

Environmental Psychology Theory (64) emphasizes the connection between environment and individual well-being, with familiarity and adaptability as key factors. Older adults in CCRCs aged 0–3 years reported high well-being, possibly due to optimistic expectations and the novelty of adjusting to a new environment (65). They may still navigate their lifestyle and establish new social connections within CCRCs (66). However, long-term CCRCs residents report significantly higher levels of well-being, as they have more time to build strong friendships and support networks within the community (9). They are also more familiar with the services and resources provided by CCRCs, allowing them to use these effectively to support their needs and hobbies (61). This suggests deep adaptation and satisfaction with the CCRCs life of long-term residents. Long-term residents may experience increased social support and belonging through participation in community activities and projects, which can enhance their well-being (67). The Social Support Theory (68) provides a theoretical basis for understanding the higher well-being reported by long-term residents.

Most CCRCs residents report satisfactory well-being, which may indicate that the living environment and services provided effectively maintain residents’ basic well-being and quality of life during adaptation (69). However, medium well-being consistently outperforms high well-being, suggesting room for improvement through increased social activities, improved healthcare services, and personalized support to meet individual needs and preferences (9). Besides, the study highlights that, while residents with longer stays generally experience increased well-being, individual factors such as health status, personality traits, and social activity participation are not negligible in impacting their well-being. Therefore, CCRCs developers should implement proactive measures tailored to residents’ unique characteristics to improve their overall well-being.

The issues of equity and scalability in CCRCs services must not be neglected. Given their market-driven nature, CCRCs predominantly attract wealthier residents. The income levels of CCRCs residents are significantly higher than Shanghai’s 2022 average of 79,610 RMB (70), with 40.6% earning between 60,000–120,000 RMB and 42.3% exceeding 120,000 RMB. Consequently, the high living and care costs in CCRCs pose substantial barriers for low-income individuals. Additionally, the strict admission criteria of some CCRCs, such as Taikang Home’s requirement for a 2 million RMB insurance fee, further limit access for lower-income groups.

Moreover, the scalability of CCRCs is another critical issue arising from their market-driven model. Given the long development durations and high initial and ongoing expenditures (4), CCRCs encounter major obstacles in broadening their reach. The lengthy return on investment cycles, coupled with strict governmental entry standards and insufficient policy support, further complicate scalability. Additionally, the complex and demanding nature of services—spanning healthcare, recreational activities, dining, and the need for highly skilled management and professional staff (71)—poses significant challenges to scalability.

Addressing these challenges requires a multifaceted approach. CCRCs developers could negotiate for tax breaks and financial subsidies to ease the burden on low-income individuals (38). Adopting a light-asset model, such as “embedded” CCRCs within existing communities, could lower construction costs. An alternative approach involves combining CCRCs services with broader social services and third-party nonprofits, leveraging existing resources to establish a comprehensive support system. Additionally, promoting long-term care insurance and incorporating smart care technologies, like telemedicine, can enhance care efficiency and reduce operational costs (54). These measures will make CCRCs more inclusive and equitable, better serving older adults from diverse socioeconomic backgrounds and ultimately improving their overall well-being.



4.3 Comparing well-being across developing long-term care models in China

The living arrangements significantly impact the well-being of older adults, with effects varying across different situations (4). Among older Chinese individuals, co-residential aging at home, grounded in strong intergenerational bonds and cultural norms of filial piety, is the predominant choice (72). Traditionally, the multigenerational co-residence pattern has benefited older individuals by offering material support and enhancing emotional well-being by reducing loneliness. Government legislation, such as the Elders’ Protection Law, reinforces this tradition, making older people depend on family members for comprehensive support in financial stability, physical health, and emotional well-being (73). However, this pattern has declined in the recent decade, leading to non-traditional households, such as generation-skipping and empty-nest households, influenced by urbanization-driven migration and increased financial independence (74). This shift in living arrangements has raised concerns about the well-being of older adults, particularly in terms of their emotional health and social connections. Additionally, many older Chinese individuals choose autonomous living, especially in urban areas, due to heightened economic self-sufficiency (75). The decreasing reliance on family care is further emphasized by a changing societal perception, where the traditional belief that living with children signifies a blessed old age is gradually shifting, with more older adult individuals recognizing the value of independence or alternative living arrangements.

Regarding institutional senior care in China, She-hui-fu-li-yuan (social welfare institutions) and Jing-lao-yuan (older adult respect homes) were initially established to assist financially challenged older adult individuals within communities. However, as the Chinese economy transitions to a more market-driven model, these institutions have adopted a self-financing approach, expanding their resident base to include those capable of paying for their care. Simultaneously, privately funded facilities such as Yang-lao-yuan (institutions for providing care for older adults) and CCRCs have emerged, targeting seniors with higher socio-economic status capable of covering their expenses for institutional senior living and care (76). The financial model is a key factor influencing the levels of material and emotional support provided by older adult care institutions, which is crucial to the overall well-being of residents. Residents in welfare-oriented homes often report lower well-being due to basic facilities, limited resources, inadequate care, and insufficient emotional support, whereas older adults in privately funded institutions generally experience significantly better well-being (4).

In China, choosing institutional residential older adult care is intertwined with family harmony, filial obligations, socio-cultural norms related to child-rearing and older adult care, insights into older adult care institutions, and self-assessed economic status (77). Despite a growing number of seniors leaning towards long-term care in institutions, concerns about their well-being persist. This can be attributed to such factors as stigmatization conflicting with traditional filial piety values, doubts about care quality, psychological challenges associated with moving from familiar environments, and concerns about losing connections with established social ties (78), all of which can negatively impact the emotional and mental health of older adults.

Beyond traditional home care and institutional settings, more adaptable models for senior living are emerging for China’s rapidly aging population. Particularly, as socio-economic dynamics evolve, options combining the comforts of home with the benefits of institutional care are gaining traction. Given the current circumstances, CCRCs are emerging as an alternative housing option for the growing population of older Chinese individuals (6). These facilities primarily cater to affluent older adult citizens who possess substantial disposable household income and welfare benefits, providing an environment with high-quality amenities and comprehensive care services.

When compared to traditional long-term care models, such as nursing homes and home care, CCRCs have been shown to offer advantages in terms of residents’ well-being. CCRCs residents typically experience higher levels of life satisfaction, reduced social isolation, and better overall health outcomes (79). This is partly due to the extensive resources and superior living conditions available to CCRCs residents, which naturally contribute to an elevated sense of well-being. In contrast, traditional nursing homes often focus primarily on medical care, sometimes at the expense of emotional and social needs, while home care may lack the social interaction necessary for maintaining psychological health (4).



4.4 Limitation and future research

While the current study provides valuable insights into the well-being of CCRCs residents, its geographic focus on Shanghai limits the generalizability of the findings to other regions in China and beyond. Future research would benefit from including geographically diverse samples to improve the external validity of the conclusions. Additionally, although the study acknowledges the importance of demographic diversity, a more in-depth exploration of demographic factors, including cultural and ethnic backgrounds, is warranted. The coexistence of 56 legally recognized ethnic groups within Chinese provinces often leads to diverse community phenomena (80). Applying the questionnaire in such diverse communities could uncover ethnic cohabitation instances and offer a more comprehensive understanding of cultural impacts.

Furthermore, the study’s reliance on self-reported data from residents may be influenced by social desirability and recall biases (81). Integrating observational and interview methods in future research could provide deeper and more nuanced interpretations. While this study employed the Ryff Scales combined with the SF-36 Health Survey for a comprehensive assessment of well-being, incorporating additional scales, such as the UCLA Loneliness Scale (82), could offer multidimensional data, capturing impacts from various domains on the well-being of older populations. The study is likewise limited by its focus on overall occupancy numbers, without detailed categorization by levels of independence. Future research should incorporate more detail to understand the proportion of survey respondents to the total eligible population.

Finally, this research primarily addresses CCRC residents and, due to time and budget constraints, has not included data from non-CCRC populations with similar demographic characteristics. Future research could include diverse living communities for older adults in China, such as community day care centers that provide daytime care and social activities, as well as retirement communities supported by government and public sector institutions offering extensive medical and living services. This approach would contribute to a more comprehensive understanding of how different living environments impact the well-being of older adults. Addressing these limitations can enhance the robustness and practical relevance of future studies.




5 Conclusion

The aging population in China presents challenges for older adults, making CCRCs an alternative. However, understanding the well-being of residents within these communities is limited. This study aimed to fill this gap by assessing the overall well-being of 1,107 (with 815 valid responses) residents from 13 CCRCs, covering physical and psychological dimensions across 10 domains.

The average overall well-being score of 64.24/100 indicates a satisfactory overall well-being but with significant potential for improvement. The psychological well-being score, at 70.15/100, surpasses the physical well-being score of 58.33/100, indicating a need to improve physical health to improve the overall well-being of older residents significantly. The analysis shows the positive psychological health of residents, particularly in terms of environmental mastery, self-acceptance, and positive relations. Environmental mastery scored highest, indicating adept adjustment to the CCRCs living environment. Physical health presents significant issues for older adults, but physical functioning scored relatively well, indicating the ability to undertake daily and moderately strenuous physical activities without significant hindrances. However, the residents’ Role physical, General health, and Pain scores were below 60/100, indicating daily challenges, chronic disease battles, future health concerns, and frequent or persistent physical discomfort. Furthermore, significant disparities are revealed in the well-being of older CCRCs residents based on age groups and residence length. As age increases, the proportion of people reporting high well-being decreases, particularly for those over 85. Longer residents generally have higher levels of well-being. This trend is particularly pronounced those over 85 years old. Specifically, most individuals with over a decade of residence report high well-being, while those with shorter durations generally have moderate or high levels of well-being.
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Background: The limitation of carry out everyday activities independently is a common experience for older adults with functional disabilities, which can hurt their overall well-being. Unfortunately, there is still a dearth of evidence about how common it is among older adults, especially in low-and middle-income countries like Ethiopia. Therefore, the study aimed to assess the prevalence and associated factors of functional disability among older adults living in Bahir Dar city, Northwest, Ethiopia, 2023.
Method: A community-based cross-sectional study was conducted among older adults (≥60 years) living in Bahir Dar city, Northwest, Ethiopia. A total of 598 study participants were included using a multistage sampling technique. Data were collected through interviewer-administered questionnaires. Barthel Index (BI) was used to assess the functional capacity of older adults which comprises 10 items. The total score ranges from 0 to 100. Variables significant in bivariable analysis were entered into multivariable logistic regression analysis. A p < 0.05 was considered statistically significant in the final logistic regression model.
Results: Among the 598 participants studied, the overall prevalence of functional disability was 29.6 (95% CI: 26.0–33.4). Older age (≥70 years) {adjusted odds ratio(AOR: 2.24; 95% CI: 1.03–4.88)}, comorbidity (AOR: 2.96; 95% CI: 1.47–5.94), physically inactive (AOR: 2.42; 95% CI: 1.18–4.96), one and more drug users (AOR: 3.61; 95% CI: 2.12–6.15), cognitive impairment (AOR: 3.66; 95% CI: 2.26–4.93) and depression (AOR: 1.70; 95% CI: 1.08–2.68) were found significant associated factors of functional disabilities among older adults.
Conclusion: This study found that nearly one-third of older adults had functional disabilities. Functional disability was significantly associated with factors such as increasing age, presence of comorbidities, being physically inactive, one and more drug users, who developed cognitive impairment, and having depression symptoms. Proactive measures need to be initiated to ensure proper care and support of functionally disabled individuals, especially targeting vulnerable groups identified in this study.
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Introduction

According to demographic estimates, every country’s population is expected to age, which will have a significant impact on the social, economic, and health sectors (1). While many older adults lead active lives and make valuable contributions to their local communities and wider society, they frequently report functional disabilities. The most typical way to test this is by looking at how well an older adult can do instrumental activities of daily living (IADL) like cooking a hot meal, grocery shopping, or taking medication, as well as activities of daily living (ADL) like getting dressed, walking across a room, and bathing (2).

Even though functional disability is a significant public health concern, little is known about how common it is among older adults, particularly in low-and middle-income nations. According to a World Health Organization (WHO) report, 15% of the world’s older population is functionally disabled (3). The prevalence of functional disabilities in high-income and low-income countries was 29.5 and 43.4%, respectively (4). Based on the Global Health Survey report, functional disability was primarily seen in those aged ≥70 years in the United States, Netherlands, Sweden, and Switzerland countries (1, 5, 6). In Europe, the prevalence of at least one ADL disability ranged between 11 and 44% (7). However, there is a dearth of evidence in low-income countries like Ethiopia that shows the magnitude of functional disability among older adults.

Older adults with a functional disability are more likely to have poor social networks, less engagement in work, poor health, dependence on ADL, increased healthcare costs, and greater mortality (4, 8). Thus, functional disability lowers the quality of life and functional independence of older adults (9). Moreover, the presence of functional decline may increase the demand for resources for medical and rehabilitation care or admission to residential care and may result in premature death (10). Such a community-based comprehensive study of functional disability in older adults is a fundamental crucial aspect of providing care, understanding the burden of functional disability, and predicting the need for assistance for this age group (11).

According to previously published studies, chronic diseases, age, sex, socioeconomic position, physical activity, BMI, educational attainment, smoking, depression, and history of hospitalization were significantly associated factors with functional disability (2, 12–14). However, those identified associated factors were differentiated through studies conducted in high-income countries. Therefore, the investigation of those factors in low-income countries like Ethiopia among older adults will be very helpful in providing high-quality care and social services (15). To the best of our knowledge, no study has investigated the burden and associated factors of functional disability among older adults in Bahir Dar city, Ethiopia. Therefore, this study aimed to determine the burden and associated factors with functional disability among older adults in Bahir-Dar city, Northwest Ethiopia.



Materials and methods


Study design, period, and setting

A community-based cross-sectional study was conducted from April to May 2023 among older adults to determine the prevalence of functional disabilities and the potential associated factors.

The study was conducted in Bahir Dar City, the capital of Amhara regional state, located in Northwestern Ethiopia, 565 kilometers from Addis Abeba. According to the Bahir Dar city administration’s Bureau of Labor and Social Affairs statistics, the total population of the city is estimated to be 390,429. The city has six sub-cities administration and a total of 26 kebeles (i.e., the local administration level next to woredas/sub-cities). The total number of older adults (≥60 years) living in the city was 11,034. Each older adult’s name, age, sex, and full address were included in the profile. Both male and female older adults aged 60 years and older permanently residing six and above months in the selected kebeles were included in the study. On the other hand, older adults who were severely ill and could not respond were excluded from the study. The city now has two comprehensive specialized hospitals that provide healthcare to the surrounding population from the West Gojjam, East Gojjam, Awi, south Gondar, and central Gondar zones.



Sample size determination and sampling technique

The required sample size was determined by using the single population proportions formula, using the assumption of 50% prevalence since there is no previously published study with a similar population, a 95% confidence interval, and a 5% margin of error.

[image: Sample size formula shown as N equals the quantity z subscript alpha over two times two times p times one minus p, all divided by d squared, equals three hundred eighty-five.]

Since the study used a multistage sampling technique by considering a design effect of 1.5 and 10% non-response rate the final sample size was 636.

A multistage sampling technique was used to select the study participants. Bahir Dar city has 6 sub cities and 26 kebeles. A total of 13 kebeles (50 percent of the total kebeles) from each sub-city were selected by a simple random sampling technique to obtain an adequate final sample size. Subsequently, proportionally allocate the total sample size from the selected kebeles. Finally, a systematic random sampling technique was used to select the study participants in each kebele based on the full address list of participants. All older people living in the selected kebeles registered their full addresses, such as age, sex, and house number. We calculated the K value by dividing the total older adults in each selected kebele into proportional sample sizes for each selected kebele, and it was eight (k = 8). We interviewed all eligible older adults in the selected kebeles in their households based on the house number. An initial older adult was randomly selected by a lottery method. Another older adult was then selected from the initial order at every Kth interval. Whenever more than one eligible older adult was found in the same selected household, only one of them was selected by lottery method (Figure 1).

[image: Flowchart illustrating the selection process of older adults in Bahir Dar City. The top box indicates a total of 11,034 older adults. It is divided into six sub-cities, each with several kebeles. Fifty percent of kebeles are randomly selected using a lottery method. Older adults are then proportionally allocated, leading to 636 older adults selected using systematic random sampling.]

FIGURE 1
 Schematic presentation of sampling procedure among older adults living in Bahir Dar city, 2023.




Operational definition

Functional disability: measured by the Barthel index (BI) of independence in activities of daily living, if a subject met at least one of these 10 ADL problems, they were classified as having a functional disability in ADL or with a score of ≤95 (11, 16).

Older people: the ages at which a person reaches ≥60 years of age were considered to be older adults (11).

Cognitive impairment: in the mini-mental state examination (MMSE), participants with scores ≤24 out of a total of 30 scores had cognitive impairment (17).

Depression: measured by the geriatric depression scale (GDS) short form, an individual with a score of ≥5 was considered to be depressed (18).

Physical activities: any kind of moderate-intensity exercise (such as walking, cycling, sports, or planned exercise and strength exercise) done at least 150 min per week (19).

Body mass index (BMI): underweight (<18 kg/m2), normal (18–24.99 kg/m2), overweight (≥25.00–29.9 kg/m2), and obese (30.0 kg/m2 and above) (20).

Alcohol consumption: alcohol consumers were simply defined as older adults who were drinking beer, areke, Tella, or tej every day or every other day (21).

Hospitalization: it was defined as participants with a history of hospitalization for the last 12 months considered as a hospitalization.

Comorbidity: it was defined as when a participant had one or more associated medical problems such as diabetes mellitus, hypertension, and others.

Smoker: current smoker: someone who had smoked more than 100 cigarettes in their lifetime and now, who smoked every day; previous smoker: someone who had smoked more than 100 cigarettes in their lifetime but had not smoked in the last 28 days (22).



Data collection tool and procedure

The data were collected using a five-section questionnaire and structured interviews with participants. The questionnaire comprises sociodemographic variables (age, sex, marital status, body mass index, educational level, living arrangement, and income status), health-related questionnaires (hospitalization, one and more drug users, comorbidity, cognitive impairment), psychological factors (depression), and lifestyle factors (smoking, alcohol consumption, and physical activity), and data on functional disability using the BI. BI has been used widely for the assessment of the functional capacity of older adults which contains 10 items comprised of feeding, bathing, grooming, dressing, bowels continent, bladder continent, toilet use, transfer(bed to chair and back), mobility(on level surface) and stairs climbing and down with a total score of 100. Two items are rated on 0 (unable) and 5(independent). On the other hand, six items are rated with 0(dependent), 5(needs help), and 10(independent). Moreover, two items are rated with 0 (unable), 5(major help), 10(minor help), and 15(independent). Among older participants, if he/she had dependency in at least one of these 10 ADLs or with a score of ≤95, he/she was considered functionally disabled (11, 16). To measure weight and height, we used the weight scale tool specification TIANSHA = 2003A, capacity: 11 lb./5 kg–400 lb./180 kg, Battery: CR2032 lithium battery to measure (23). We also measured height using the tape measure tool specification WIN TAPE, (FT-070) (2). For data collection, the questionnaire was translated from the English version to the Amharic version and translated back to English to ensure its consistency. Older adults who were willing to participate in the study were screened using the inclusion and exclusion criteria. Data collectors interviewed the participants after obtaining informed consent. Data were collected by five trained BSC physiotherapists supervised by two senior physiotherapists.



Data quality control and analysis

To ensure the quality of the data, the principal investigator trained the data collectors and supervisors on how to approach the participants, the objective of the study, and ethical issues 1 day before the data collection began. The supervisor checked for the completeness and consistency of the data. To check for the accuracy of responses, language clarity, and appropriateness of the tools, the questionnaire was pre-tested on 5% of the sample size. Before the actual data collection period, data were collected on a population other than the study population, which has characteristics similar to those populations selected for the actual study. It has been pre-tested in Gondar kebele 16 before the actual data collection. However, no necessary changes were made in the actual study based on the findings of the pre-test. Data were checked for completeness, accuracy, and clarity by the principal investigator before data entry. Then, the data were coded and entered into Epidata version 4.6 and exported to SPSS Software version 25 for data analysis. Descriptive analysis was done for all variables and numerical summary measures, frequency distribution tables, and graphs were used to describe the study population about relevant variables. The chi square test (χ2) of each variable was checked before factor analysis. Multicollinearity was checked by the variance inflation factor (VIF < 10) and model fitness was checked by the Hosmer-Lemeshow goodness of fit test. Binary logistic regression analysis was employed to determine predictors of the outcome variable. A factor with a p-value less than 0.2 was selected for multivariable analysis. Whereas, variables those had two sided p-value less than 0.05 were considered factors associated with functional disability in the multivariable logistic regression analysis.




Results


Socio-demographic, clinical, lifestyle-related and psychological characteristics of the participants

Five hundred ninety eight older adults participated in this study, with a response rate of 94.02% of the total sample size. The reasons for non-responses were due to time constraints and lack of interest. Among the total respondents, more than half of 330 (55.2%) were female. The age of respondents ranged from 61–90 years, with a mean age and standard deviation of 69.43 ± 7.2 years. The majority of the participants 266 (44.3%) were married. Nearly one-third of the participants, 190 (31.8%), had completed primary school, more than half of them, 317(53.0%) lived with children or other family members, and nearly one-fourth of the study participants 144 (24.1%) were overweight. More than one-fourth of the participants 161 (26.9%) were pharmacy users, and 197 (32.9%) had a history of hospitalization in the past year. Five hundred seventeen (86.5%) of the total participants engaged in physical activity less than 150 min per week (Table 1).



TABLE 1 Socio-demographic, clinical, lifestyle-related and psychological variables of the study participant among older adults living in Bahir Dar City, Northwest Ethiopia, 2023 (n = 598).
[image: A table presents data on various variables and their association with functional disability. Categories include gender, age, educational status, income, marital status, living arrangement, BMI, drug use, comorbidity, hospitalization, depression, cognitive impairment, physical activity, smoking, and alcohol use. It displays sample sizes, percentages, and a breakdown of functional disability presence. Statistical indicators such as chi-squared values and p-values are noted to assess significance. Significant associations (p ≤ 0.05) are noted for several variables including age, income, marital status, comorbidity, hospitalization, depression, and cognitive impairment.]



Characteristics of older adults with functional disability

The overall prevalence of functional disability in this study was found to be 177 (29.6%) (95% CI 26.0–33.4). Among those, 95 (53.7%) female participants and 82 (46.3%) aged 65–69 years had functional disabilities. Compared to participants without functional disability, nearly half of the secondary and primary school participants reported majority of functional disability, 48 (27.1%) and 49 (27.7%), respectively. Furthermore, the majority of older adults who had functional disabilities were participants who lived with their family 95 (53.7%) compared to participants who lived alone 35 (19.8%) and spouses 47 (26.6%) (Table 1).



Logistic regression model of factors associated with functional disability

After fitting a bivariable logistic regression model, factors such as age, marital status, comorbidity, hospitalization, cognitive impairment, physical exercise, one or more drug users, and people who develop depression are found with a p-value of <0.2. Finally, multivariable logistic regression analysis was fitted to control potential cofounders and to identify potential associated factors. In this model, factors such as age 70 and above (p = 0.041), being physically inactive (p = 0.015), having comorbidities (p = 0.002), being drug users (p = 0.001), having cognitive impairment (p = 0.001), and having depression (p = 0.022) were significantly associated with functional disability in multivariable logistic regression analysis (p < 0.05). Multicollinearity was checked by the VIF and it was<10. Model fitness was checked by the Hosmer-Lemeshow goodness of fit test and it had a p-value of 0.66.

The odds of being functional disability in participants aged 70 years and above were 2.24 times more likely to develop functional disability than those older adults who were 60–64 years old {adjusted odds ratio (AOR = 2.24, 95% CI 1.03–4.88)}. Participants who have comorbidities were 2.96 times more likely to develop functional disability than those with no comorbidities (AOR = 2.95, 95% CI 1.47–4.94). Similarly, those who have cognitive impairment were 3.66 times more likely to develop functional disability as compared with those who did not develop cognitive impairment (AOR = 3.66, 95% CI 2.26–4.93). Furthermore, older adults who developed depression symptoms were 1.7 times more likely to develop functional disability (AOR = 1.7, 95% CI 1.08–2.67) than those who did not develop depression symptoms. In addition to this, one or more drug user participants were 3.61 times more likely to develop functional disability than those who did not use any drug (AOR = 3.61, 95% CI 2.12–6.16). Likewise, for those physically inactive respondents, the odds of developing functional disability were 2.42 times higher as compared with those who were physically active (AOR = 2.42, 95% CI 1.18–4.96) (Table 2).



TABLE 2 Bivariable and multivariable logistic regression factors analysis of functional disabilities among older adults living in Bahir Dar City, Northwest Ethiopia 2023(n = 598).
[image: Table showing variables related to functional disability, including age, marital status, physical activities, co-morbidity, hospitalization, cognitive impairment, drug use, and depression. It includes counts for functional disability presence or absence and corresponding COR and AOR values with confidence intervals. Values significant at *p < 0.05 and **p < 0.01.]




Discussion

The prevalence of functional disability among older adults living in Bahir Dar city was 29.6% (CI 95%, 26.0–33.4), which revealed that functional disability is a major public health concern among older adults in Bahir Dar city, Ethiopia. This suggests that in order to reduce the functional incapacities of older adults in the community, health care planning and delivery are essential. It is in line with a study conducted in Nigeria (28.3%) (24). This similarity may be due to using similar study designs and comparable mean ages of study participants. For example, the study carried out in Nigeria employed a multistage sampling technique to recruit participants and a community-based cross-sectional study design, just like our study. On the other hand, the majority of the participants had only received primary education, which may have a similar understanding of self-care and various health conditions that affect the functional level of older adults. Nearly the same proportion of participants in both groups reported having some chronic diseases that may lower their functional levels. Furthermore, since institutional care for the older people is exceedingly rare and the majority of the older adults live in the community with other family members, which may yield equivalent results, older adults in Ethiopia and Nigeria should be cared for by their family members.

However, the prevalence of this study was higher compared to studies conducted in Uberaba, Brazil (21.2%) (13), Lebanon (24%) (25), and Japan (20.1%) (14). One reason why our results and the Brazil study might differ is that the functional disability in the Brazil study was assessed using the six-item Katz Index instrument. On the other hand, the ten-items BI was employed in our study to assess functional disability. BI has been reported to be more sensitive in detecting functional disability as compared with the Katz Index. Additionally, older adults with cognitive deterioration were generally excluded from Brazil’s study based on the results of the MMSE assessment. They were nevertheless included in our study, and a greater percentage of study participants self-reported having health issues, as this may lower older individuals’ functional level and raise the study’s prevalence rate.

The plausible difference between our study and the study conducted in Lebanon may also be due to sampling techniques. For example, in our study, a multistage sampling technique with more than 10 strata was used. Whereas, in the study conducted in Lebanon, the sample was drawn from only two strata which may result in selection bias. Additionally, the Lebanese study was conducted among rural residents among older people members of the community who suffered from poor financial circumstances and those participants were unable to work as a result of aging will move into urban areas, which may lowered the overall prevalence of that study. On the other hand, the possible explanation for this discrepancy between our study and Japan’s study is the difference in study design and participants’ characteristics. While our investigation used a cross-sectional study design, a prospective cohort study was used in a study conducted in Japan. Unlike our study, the educational level of the majority of the participants in the Japanese study was college and above. As a result, being well-educated enhances the preservation of functional ability because of the increased understanding of medical diagnosis and health care services (26).

This study reported a lower prevalence of functional disability compared with studies done in Tunisia (57.3%) (27), Northeastern India (43.7%) (11), and Haryana India (37.4%) (28). The discrepancy between our study and the Tunisian study may be due to variations in the study setting, which was an institution-based cross-sectional study that included older adults who voluntarily presented with a variety of psychosocial issues. Since a higher proportion of functional disability is found in older adults living in institutions, the prevalence was higher in a Tunisian study.

Similar to this, a multicenter study conducted by Northeastern Indians included institutionalized older adults, who are particularly susceptible to functional disability. On the other hand, our study did not include older adults who were institutionalized. In addition, compared to our study, there was a greater proportion of older people who were 70 years of age or older. As the proportion of older adults increases in this age range, which has led to an increase in the prevalence of functional disability, this age group is at high risk for functional disability (29). In contrast to our study, Indian studies were conducted in rural areas that may have limited access to health services, which results in poorer management and prevention of various medical conditions that may lower the functional level of older adults.

Moreover, factors such as age ≥ 70 years, having comorbidities, being physically inactive, people who developed cognitive impairment, being one or more drug users, and having symptoms of depression were significantly associated with functional disabilities among older adults living in Bahir Dar city.

The odds of developing functional disability in participants whose ages were 70 years and older were 2.24 times more likely as compared with 60–64 years old. The plausible explanation might be that as age advances, there is a deterioration in the integration of multiple physiological systems in our body. As a result, functional capacity may decline, moving from more complex activities to less troublesome ones, considering that carrying out a task requires the combination of different physiological systems (30). In addition to that, as age increases, the immunity systems in the body decrease, so older adults are easily exposed to different diseases that may decline their functional level, which is supported by studies done in India (16), Brazil (13), and Japan (14).

Compared to older adults who were physically active, those who were physically inactive were 2.42 times more likely to develop a functional disability. The possible explanation might be that practicing regular exercise is an important factor in the prevention of functional disability because its effects enhance muscle function, range of motion, balance, and coordination. A study showed that exercise can prevent or delay the development of chronic conditions, increase bone density, encourage social interaction, and prevent the development of symptoms of depression that reduce the occurrence of functional disability (31). This result is consistent with studies conducted in Ireland (32) and India (33).

Participants who were one or more drug users were 3.61 times more likely to develop functional disability than those who did not use. One explanation for this could be that older adults who took two or more drugs had various chronic illnesses, and the side effects of taking multiple medications could lead to repeated poisoning of the liver and kidneys. Currently, the use of many medications is raised, which increases the risk of adverse health outcomes such as increased healthcare expenses, drug–drug interactions, lowered functional status, and various geriatric syndromes that could worsen functional disability in older adults (34). This finding is agreed with a study studied in Ireland (32).

The odds of developing functional disability in participants having comorbidities were 2.96 times higher than those participants who have no comorbidity. The possible explanation could be that having comorbidities develops a greater impact on functional disability and indicates an additive or synergistic effect of various combinations of comorbidities on functional disability (35). Moreover, the presence of multiple chronic diseases may have various complex interactions, causing greater difficulty for older individuals in performing daily activities and requiring assistance from others. This result is consistent with studies conducted in India (36), Korea (37), and Mexico (38).

Older adults who developed cognitive impairment were 3.66 times more likely to develop functional disability than participants who did not develop symptoms of cognitive impairment. The possible explanation could be that as older adults age enhances their concentration and memory decline, which causes the older people to perform various tasks improperly. In addition, older people who have experienced cognitive decline may have deficits in reasoning, memory, perception, attention, and the capacity to understand and recognize personality. Hence, as the decline progresses, dependence and functional disability increase, making it impossible for older people to perform even the most basic daily activities (39). The findings of this study are supported by studies done in Tunisia (40) and Mexico (38).

Furthermore, the odds of developing functional disability in participants who developed symptoms of depression were 1.7 times higher than those who did not develop symptoms of depression. This might be because depressive symptoms may have a negative impact on the quality of life and social relations of older people individuals. Similarly, individuals who have depression symptoms are inactive and have not engaged or participated in different exercises and activities, which will lead them to lose muscle mass and strength. On the other hand, depressive symptoms enhance the decline of physical functioning over time due to the prolonged presence of certain depressive symptoms, symptoms of burden, and negative health behaviors such as physical inactivity, obesity, and non-compliance with various treatment regimens (41). This study is supported by studies conducted in India (36) and Mexico (38).


Limitations of the study

Because the study employed a cross-sectional study design, it is not possible to determine the causal relationship between functional disability and the variables that have been identified. On the other hand, our study was conducted only in one district and included only urban older adults; the finding of the study is not generalizable to the entire rural population of the country. Furthermore, in this study, variables such as morbidity, cognitive impairment, and depression were assessed through a self-reported questionnaire, which could result in recall bias. Despite these limitations, this study might provide evidence for scholars, clinicians, and other responsible bodies regarding this emerging public health concern in Ethiopia.




Conclusion

This study found that nearly one-third of the older adults (≥ 60 years) had functional disabilities. Functional disability was significantly associated with factors such as increasing age, presence of comorbidities, being physically inactive, one or more drug users, being cognitively impaired, and being depressed. Proactive measures need to be initiated to ensure proper care and support of functionally disabled individuals, especially targeting vulnerable groups identified in this study.
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Background: Severe population ageing and weak long-term care support systems has spurred China’s pilot program for long-term care insurance (LTCI). This study aimed to provide references for optimizing long-term care insurance policies in Shandong Province by measuring the preferences of urban and rural older people for LTCI.
Methods: Based on the discrete choice experiment, a questionnaire survey was conducted on urban and rural older people from Shandong Province. A mixed logit model was used for data analysis and the relative importance of attributes, willingness to pay, and preference heterogeneity based on residence type, number of children, chronic conditions, gender, education level and financial situation were further estimated.
Results: The results showed that individual premium, reimbursement rate and whose provision of home-based care can be reimbursed had a significant effect on the LTCI preference of urban and rural older people in Shandong Province. Benefit package and government subsidy lost statistical significance in full sample but played a role in certain subgroups. There were also differences in preferences for individual premium among different groups of older people.
Conclusion: Optimizing the policy design of long-term care insurance based on the actual needs of the older adults can help increase the utility of them and promote the smooth implementation of long-term care insurance.
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1 Introduction

Population ageing has become a global challenge today (1). Data released by China National Bureau of Statistics showed that the proportion of older people aged 65 and above in China was as high as 14.9 percent by the end of 2022. According to the United Nations’ classification standards for aging, this means that China has already entered the stage of moderate aging. Currently, China’s population aging is continuing to accelerate (2). With the deepening of the degree of aging and the increase in the number of senior older people, the scale of disabled older people will further expand (3), making it a challenge for Chinese society to meet the huge demand for long-term care of the disabled older people.

Traditionally, the long-term care needs of older people in China were basically met within the family (4–6). However, with the miniaturization of family structure and the increase in female labor force participation rates, the resources available for family care have decreased, and the opportunity costs for family members to provide care have increased (7, 8). Meanwhile, specialized care services are often so costly that families and individuals cannot afford it (7). Caring for the disabled older adult places a heavy physical, psychological and financial burden on family members (3). The problem of long-term care can no longer be solved at the individual and family levels. Therefore, it is necessary to establish a socialized care guarantee mechanism to alleviate the burden on family caregivers (9).

Long-term care insurance (LTCI) is an effective policy tool to deal with disability risks (10), which can be categorized into public long-term care insurance and private long-term care insurance (1). The Netherlands passed the Exceptional Medical Expenses Act in 1967, which was formally implemented in 1968, becoming the first country in the world to establish a mandatory public LTCI scheme (11). Subsequently, Germany and Japan passed LTCI legislation in 1994 and 1997 respectively, establishing public LTCI (12). The United States of America developed private LTCI in the 1970s, and in addition to America, the private LTCI market in France is relatively well developed (13). In order to actively cope with the aging of the population and solve the problem of “long-term care service deficit” formed under the double squeeze of the increasing demand for long-term care services of older people and the weakening of the family care function, China carried out a pilot scheme of public long-term care insurance in 2016. By the end of 2022, a total of 169,902,000 people in 49 pilot areas had participated in the insurance scheme, and 1,208,000 people were enjoying the benefits of long-term care insurance (14). The system design of long-term care insurance followed the path of medical insurance and was divided into employee long-term care insurance and resident long-term care insurance, with resident long-term care insurance covering both urban and rural residents. Shandong Province, as one of the key pilot provinces for long-term care insurance, has fully implemented employee long-term care insurance in 16 prefecture-level cities, becoming the first province in the country to achieve full coverage of employee long-term care insurance, and has set a working target of achieving full coverage of resident long-term care insurance by 2025.Broad public support is an important prerequisite for the success of a public policy (15). Older people are the group most closely related to long-term care insurance. Therefore, it is necessary to understand the real preferences of older people for long-term care insurance, and design a long-term care insurance that meets their needs to increase the participation rate of long-term care insurance and ultimately contribute to the sustainable development of LTCI.

Discrete choice experiment (DCE), as an econometric method to measure preferences, is increasingly used in the health field. However, there are relatively few studies on long-term care insurance preferences using DCE. Brau et al. (16) firstly used DCE to study the LTCI choice preferences of the population in Emilia-Romagna region of Italy. Subsequently, Thailand (17), the Netherlands (18), the United States (19) and other countries applied DCE to measure preferences for long-term care insurance separately. In addition, some other scholars have studied the preference and willingness to pay for long-term care services (facilities) (20–22). Most of these studies have targeted service recipients, and individual article has measured the preferences of long-term care service providers (23).

In terms of research in China, He et al. (24) studied the preferences of middle-aged people in Hong Kong for private LTCI. Ma et al. (25) conducted DCE studies targeting public LTCI among middle-aged and older adult residents and Wang et al. (26) used DCE to measure the preference for long-term care insurance among people aged 20–75 in Liaoning Province. There is currently no research specifically targeting the preferences of urban and rural older people for long-term care insurance. This paper focused on older people in urban and rural areas of Shandong Province, and used discrete choice experiment to simulate the attribute level combinations of long-term care insurance to measure the stated preferences for long-term care insurance attributes among urban and rural older people in Shandong Province, so as to provide references for the improvement of long-term care insurance policies, increase the attractiveness of the long-term care insurance, expand the coverage of LTCI, and promote the sustainability of long-term care insurance.



2 Research design

In order to understand the true preferences of older people for long-term care insurance, this study used a discrete choice experiment to investigate. Discrete choice experiment, originating from random utility theory, is an econometric technique used to measure target group’s preference for a particular characteristic of a good or service (27). It simulates the actual choice situation by providing products with different combinations of attributes to identify the respondents’ real choice intention.


2.1 Development of DCE attributes and attribute levels

The development of attributes and levels is fundamental to the implementation of discrete choice experiment, and designing the appropriate attributes and levels largely determines the effectiveness of discrete choice experiment (28). Methods currently used to develop DCE attributes and levels mainly include literature review, semi-structured interviews, focus group discussions, theoretical argumentation, etc. (29, 30). In this paper, we first identified eight LTCI attributes through literature review: individual premium, care facilities, caregivers, government subsidy, benefit package, reimbursement rate, whose provision of home-based care can be reimbursed, elimination period (16–19, 25, 26, 31). Second, elimination period was excluded through LTCI policy analysis and focus group discussions because most LTCI pilot cities in China did not cover elimination period in their policies. Finally, we conducted in-depth interviews with one insurance executive, one policy maker and six academic experts and excluded two attributes: care facilities and caregivers, because they were considered features of long-term care services rather than insurance. Attribute levels were determined based on policies being applied to LTCI pilots in Shandong Province and were adjusted according to expert advice. For example, government subsidy for long-term care insurance in Shandong Province ranges from 0RMB-40RMB. Therefore, we set the range of values for the government subsidy as 0RMB-40RMB and took 20RMB as the middle value. Finally, four attributes were assigned 3 levels and one attribute was assigned 2 levels. The appropriate number of levels is 2–4 (32), and our setting fell within this range. Table 1 presents the five attributes and their levels included in the final design.



TABLE 1 The attributes and levels of LTCI scheme in DCE.
[image: Table detailing attributes of LTCI: Individual premium with levels of 20, 70, and 120 RMB per year; Government subsidy of 0, 20, and 40 RMB per year; Benefit package options include medical and basic life care, with added services; Reimbursement rate at 65, 75, and 85 percent; Home-based care provision by professional caregivers only or including family and neighbors.]



2.2 Experimental design and questionnaire development

After determining the attributes and levels of long-term care insurance, the next step is to conduct an experimental design, i.e., formulating specific combinations of attributes and levels that respondents evaluate in choice questions. The experimental design in general can be divided into two methods: full factorial design and partial factorial design (33). In order to improve the efficiency of the experiment, this paper adopted the method of partial factorial design, and created an experimental design containing 18 choice sets with two options in each choice set through the % ChoicEff macro of SAS 9.4 software. The D-efficiency value of the SAS experimental design is 13.7871, and the D-error value is 0.0725.Since the research object of this paper is older people, in order to reduce the cognitive load of the subjects, this study divided these 18 choice sets into three blocks, i.e., each respondent was actually faced with six choice scenarios. Example of a choice set is shown in Table 2. In addition to the choice set questions, the questionnaire also contained demographic information such as age, gender, marital status, and years of education, etc.



TABLE 2 Example of a choice set.
[image: Comparison table of two long-term care insurance plans. Insurance A has an individual premium of 120 RMB/year with a 40 RMB government subsidy, covering medical care, basic life care, and rehabilitation training. The reimbursement rate is 65%, and home-based care can be reimbursed for professional caregivers, family members, and neighbors. Insurance B costs 70 RMB/year with a 20 RMB subsidy, covering medical care, basic life care, and assistive device rental. The reimbursement rate is 85%, with reimbursements for professional caregivers only. Options for choosing insurance are included.]



2.3 Sampling and data collection

This study took urban and rural older people in Shandong Province as the survey object, and the inclusion criteria of the survey object were: age of 60 years and above; permanent population in the survey area; can communicate normally and have no mental disorder. The survey was conducted using a multi-stage stratified sampling method, in which Shandong Province was first divided into economically developed regions, economically average regions, and economically underdeveloped regions according to GDP, and then two urban communities and two rural villages were randomly selected in each region, and finally older people meeting the inclusion criteria were randomly selected in each urban community or rural village. Community and village committee staff assisted us in inviting older people meeting the inclusion criteria to the conference room to finish the questionnaire surveys on the demand for long term care insurance.

According to the rule of thumb (34): n > 500c/(t × a), the minimum sample size required for a discrete choice experiment can be calculated. In the formula, n represents the minimum sample size, t represents the number of choice sets, a represents the number of alternatives in each choice set, and c represents the maximum value of the number of attribute levels. In this study, t = 6, a = 2, and c = 3, which led to a minimum sample size of 125 for this study. In order to improve the accuracy of the estimation and to keep the sampling error as small as possible, this study expanded the sample size to 360, which means that 30 older people were randomly selected from each urban community or rural village to conduct a survey on the need for long-term care insurance. Considering the complexity of the questionnaire questions, the questionnaire survey was conducted in the form of one-on-one interviews, and 360 questionnaires were distributed. After data cleaning, we deleted 15 samples with missing values.345 valid questionnaires were obtained, and the recovery rate of valid questionnaires was 95.83%. This study was approved by the Medical Ethics Committee of the School of Public Health, Zhejiang University (Approval number:ZGL202308-2).



2.4 Statistical analysis

In this paper, Stata16.0 software was used to construct a mixed logit model to analyse the choice preferences of older people for long-term care insurance. We set individual premium as a fixed parameter and other attributes as random parameters that follow a normal distribution. The utility that individual i derives from alternative j is given by:

[image: Equation comprising terms for utility \( U_{ij} \), including coefficients \( \beta_0, \beta_1, \beta_2, \ldots, \beta_8 \) and \( \omega_i \), with variables such as premium, subsidy with subscripts 20 and 40, package with subscripts 1 and 2, proportion with subscripts 75 and 85, and family. The equation ends with error term \( \epsilon_{ij} \).]

Here premium is individual premium; subsidy20 and subsidy40, respectively, represent government subsidy of 20 RMB/year and 40 RMB/year; package1 and package2, respectively, represent the welfare package of “medical care + basic living care” and “medical care + basic living care + assistive device rental”;proportion75 and proportion85 represent reimbursement ratio of 75 and 85%, respectively; family represents professional caregivers and family members, relatives, and neighbors’ provision of home-based care all can be reimbursed. β0 is the constant term, β1-β8 represent the mean of each attribute coefficient, ω2i-ω8i represent the standard deviation of the attribute coefficients, and εij is the error term.

On the basis of the mixed logit model, this paper calculated the ratio of the regression coefficient of other LTCI attribute levels to the regression coefficient of individual premium to obtain the price that older people were willing to pay for each attribute level of LTCI (Willingness To Pay, WTP). Finally, subgroup analyses by residence type, number of children, chronic conditions, gender, education level and financial situation were conducted to understand preference heterogeneity. Differences were considered statistically significant at p < 0.05.




3 Results


3.1 Descriptive statistics

The survey respondents were predominantly older people who were 60–79 years old, with fewer senior older people. The ratio of men to women was basically equal, with women slightly outnumbering men.51.30% of the respondents were from rural areas and 48.70% were from urban areas. Most of the respondents were poorly educated, in marriage, had two or more children and with chronic diseases. The questionnaire used the question “What do you think your family’s living standard is in the local area?” to measure the financial status of the respondents, and the survey found that the older people who were living in difficulty and those who were living in affluence were in the minority, and the majority of the older people (57.68%) thought that their lives were in the general level in the local area (Table 3).



TABLE 3 Basic characteristics of survey respondents.
[image: Table displaying demographic variables, frequency, and proportion. Age: 60–69 (182, 52.75%), 70–79 (136, 39.42%), 80+ (27, 7.83%). Gender: Male (164, 47.54%), Female (181, 52.46%). Residence: Rural (177, 51.30%), Urban (168, 48.70%). Education: Uneducated (≤6 years) (225, 65.22%), Educated (≥7 years) (120, 34.78%). Marital status: In marriage (264, 76.52%), Not in marriage (81, 23.48%). Children: ≤1 (69, 20.00%), ≥2 (276, 80.00%). Chronic conditions: Without (116, 33.62%), With (229, 66.38%). Living standards: Difficult (31, 8.99%), Common (199, 57.68%), Affluent (115, 33.33%).]



3.2 Preference for LTCI

This paper discussed the results of preference analysis mainly based on the mixed logit model. According to the main-effect model of mixed logit, three attributes, namely individual premium, reimbursement rate and whose provision of home-based care can be reimbursed, had a significant effect on the long-term care insurance choice preference of urban and rural older people in Shandong Province (p < 0.05), while government subsidy and benefit package lost statistical significance in mixed logit model, indicating that these two features were not among the key issues of consideration when older people were making their decisions.

In terms of individual premium, the regression coefficient was negative, indicating that an increase in individual premium will gradually reduce the utility of the older people. Compared with 65% reimbursement rate, 75 and 85% reimbursement rates will bring more utility to the older people. Taking “only professional caregivers’ provision of home-based care can be reimbursed” as the reference level, older people preferred long-term care insurance where professional caregivers and family members, relatives, and neighbors’ provision of home-based care all can be reimbursed. The calculation of willingness to pay showed that older people were willing to pay an additional 78.582RMB and 128.429RMB respectively, thereby increasing the reimbursement rate from 65 to 75 and 85%, and were willing to pay an additional 91.091RMB for long-term care insurance that reimburses homed-based care provided by both professional caregivers and family members, relatives and neighbors (see Table 4).



TABLE 4 Long-term care insurance preference results based on a mixed logit main-effect model.
[image: Table showing attributes and levels related to a care package, including mean, standard deviation, and WTP/RMB values. Attributes include government subsidy, benefit package, reimbursement rate, and whose provision of home-based care can be reimbursed. Significant values are marked with asterisks. Sample size is 345, with an observed value of 4,140.]



3.3 Relative importance of attributes

To further calculate the relative importance of each attribute of long-term care insurance, the attribute variables were recoded by effect coding (Table 5). The relative importance of each attribute was calculated by dividing the difference between the lowest and highest coefficients for that attribute by the sum of the differences for all attributes (the coefficient value for the reference level is the negative of the sum of the coefficients for the other levels) (35). As can be seen in Figure 1, the relative importance of the long-term care insurance attributes was ranked as reimbursement rate (34.37%), individual premium (30.02%), whose provision of home-based care can be reimbursed (27.44%), benefit package (6.25%), and government subsidy (1.92%).



TABLE 5 Long-term care insurance preference results based on a mixed logit model (effect coding).
[image: Table displaying mean and standard deviation (SD) values for various attributes and levels related to individual premiums, government subsidies, benefit packages, reimbursement rates, and home-based care provision reimbursement. Key values include premiums of 70 RMB/year (mean -0.175) and 120 RMB/year (mean -0.487), government subsidies of 20 RMB/year (mean 0.032), benefit package impacts, reimbursement rates impacts at 75% (mean 0.103) and 85% (mean 0.606), and home-based care provisions involving caregivers (mean 0.525). The log likelihood is -1186.586 with a sample size of 345. Significance levels are noted for particular values.]

[image: Bar chart showing the relative importance of factors in reimbursement programs. Reimbursement rate is highest at 34.37%, followed by individual premium at 30.02%, reimbursement of home-based care at 27.44%, benefit package at 6.25%, and government subsidy at 1.92%.]

FIGURE 1
 Relative importance of long-term care insurance attributes.




3.4 Subgroup analysis

Taking into account the reality that there are large differences between urban and rural areas in China, we first conducted subgroup analyses by residence type. Preference of participants from the rural areas did not deviate from the results of the full sample, but participants from the urban areas expected government subsidy of 20RMB/year. Additionally, compared with “medical care + basic life care + rental of assistive devices,” “medical care + basic life care +rehabilitation training” was preferred by urban older people (Table 6).



TABLE 6 Regression results of subgroup analysis based on residence type.
[image: Table comparing rural and urban mean values for various healthcare attributes and levels. Categories include government subsidy, benefit package, reimbursement rate, and home-based care reimbursement. Significant differences are indicated, such as greater urban mean in government subsidy and reimbursement rate. Significance levels are marked with asterisks.]

Subsequently, referring to prior study (24), we conducted subgroup analyses based on number of children, chronic conditions, gender, education level and financial situation.

As shown in Table 7, the choice preferences of respondents with two or more children were identical to those of the full sample. There was consistency between the two subgroups in their preferences for the attributes of individual premium, benefit package, reimbursement rate, and whose provision of home-based care can be reimbursed, but there were some differences between the two groups for the attribute of government subsidy. Older adults with one children or without children preferred government subsidy of 40RMB/year, while older people with more children did not have a significant preference for this attribute. Statistical results in Table 8 shows that older people with chronic illnesses considered “basic life care +medical care”sufficient to meet their needs compared with “basic life care+medical care+rehabilitation training.”There was no difference in the statistical results for the gender subgroups compared to the full sample (Table 9), while subgroup analyses based on education level and financial situation yielded meaningful findings (Tables 10, 11). Individual premium lost statistical significance among the higher quality groups (educated, good financial situation). Moreover, government subsidy was preferred by participants who were in average or poor financial shape.



TABLE 7 Regression results of subgroup analysis based on number of children.
[image: Table showing a study comparing attributes and levels of home-based care for different numbers of children. It includes mean values for constant terms, individual premiums, government subsidies, benefit packages, reimbursement rates, and providers. Significant values are marked with asterisks, indicating statistical significance at various levels.]



TABLE 8 Regression results of subgroup analysis based on chronic conditions.
[image: Table comparing mean values of healthcare attributes for people with and without chronic diseases. Categories include premium, government subsidy, benefit package, reimbursement rate, and home-based care provision. Mean values and significance levels are displayed for each category, showing differences in preferences and importance of various healthcare factors between the two groups.]



TABLE 9 Regression results of subgroup analysis based on gender.
[image: Table displaying attributes and levels for an unspecified study, comparing females (n=181) and males (n=164). It includes mean values with significance markers. Categories cover government subsidy, benefit package, reimbursement rate, and home-based care reimbursement. Government subsidy shows mean differences at 0RMB, 20RMB, and 40RMB per year. Benefit package compares combinations of medical care, basic life care, and rehabilitation or assistive devices. Reimbursement rate levels are 65%, 75%, and 85%. A section on care reimbursement contrasts professional caregivers only versus including family members. Significance is marked at different thresholds.]



TABLE 10 Regression results of subgroup analysis based on education level.
[image: Table comparing the mean values of various health care attributes and levels between uneducated (n = 225) and educated (n = 120) individuals. Categories include government subsidy, benefit package, reimbursement rate, and home-based care reimbursement. Significant differences are marked with asterisks. Uneducated individuals show significant results in the constant term, individual premium, benefit package with medical care and basic life care, reimbursement rates, and home-based care provisions. Educated individuals exhibit significant differences in reimbursement rates and home-based care provisions. Significance levels are denoted as ***p<0.001, **p<0.01, and *p<0.05.]



TABLE 11 Regression results of subgroup analysis based on financial situation.
[image: Table comparing attributes and levels for two groups: "Average or poor" (n = 230) and "Good" (n = 115). It includes mean values for different categories such as constant term, individual premium, government subsidy, benefit package, reimbursement rate, and support provision. Significant values are marked with asterisks: one asterisk for p < 0.05, two for p < 0.01, and three for p < 0.001.]




4 Discussion

This study measured the preference of urban and rural older people in Shandong Province for long-term care insurance using a discrete choice experiment, and analysed their preference, willingness to pay and preference heterogeneity by constructing a mixed logit model. The results of the study show that in terms of preferences for long-term care insurance attributes, older people in Shandong Province preferred lower individual premium, higher reimbursement rate. Compared to only reimbursing home-based care provided by specialists, there was a greater expectation that home-based care provided by professional caregivers and family members, relatives, neighbours, etc. will all be reimbursed.

Consistent with one DCE study of private health insurance (31), in our study, reimbursement rate was the most decisive attribute that older people considered when choosing long-term care insurance. We found that older people had a high willingness to pay for an increase in reimbursement rate. They were willing to pay an additional 128.429 RMB to increase the reimbursement rate from 65 to 85%. It has been similarly found that when co-payment rate is low (i.e., reimbursement rate is high), it leads to a high willingness to pay for some social demographics (16). Reimbursement rate is directly related to the expected benefits that older people receive from long-term care insurance. According to Guo et al.’s projections, the cost of long-term care for the disabled older adults in China will be 5927.5505 billion RMB in 2050 with the high scenario estimates (36), which means that if the long-term care costs are shared to each disabled family, it will bring a heavy financial burden to the family. Therefore, if the level of benefit is low, long-term care insurance has a very limited role in sharing the care burden of family. At present, there is still a large gap between the level of benefits of long-term care insurance for residents and employees in Shandong Province. In Qingdao, Shandong Province, for example, the reimbursement rate for employee LTCI is as high as 90%, while the reimbursement rate for residents participating in the second tier of contributions is only 75% (37). Participants in the resident LTCI scheme are vulnerable to poverty in the event of incapacity as they do not have stable incomes. Therefore, the reimbursement rate of resident long-term care insurance should be appropriately increased on the premise of adhering to the principle of appropriate protection. Higher reimbursement ratio is not only necessary to alleviate the financial burden of disabled families, but also helps to promote equality of access to services for older people at different economic levels (38). In order to raise the level of benefits without increasing the pressure on the payment of the long-term care insurance fund, the target of benefits can be set at older people with severe incapacity and dementia, so as to increase the room for upgrading the level of benefits by narrowing down the scope of the target of benefits (39). In addition, the differentiation of the level of benefits can be set to increase the compensation for older people using home care, which not only complies with the wishes of older people to age at home, but also helps to reduce the cost of long-term care and reduce the pressure on institutional care services (40).

Individual premium was the second most important long-term care insurance attribute. Different countries that have used discrete choice experiments to study preferences for LTCI have almost universally included premiums (16–19), which further confirmed the importance of this attribute. This paper found that older people had a greater preference for long-term care insurance with lower individual premium, which reflects the principle of utility maximization. The price of the insurance product is a significant factor influencing the purchase of long term care insurance (41). Costly premiums can lead to a reluctance to purchase long term care insurance (42, 43). This is in line with the supply and demand equilibrium theory of economics, which states that there is a negative correlation between demand and price when supply is constant (44). By combing through the contribution policies of the pilot cities of LTCI in Shandong Province, we found that at present, the financing of LTCI in most of the pilot cities in Shandong Province mainly came from medical insurance fund and government subsidies, and although some cities have stipulated the responsibility of individual contributions, the actual financing is still transferred from the medical insurance fund, which means that individuals are not making actual contributions to LTCI. Through interviews with staff of the Qingdao Municipal Health Insurance Bureau, we learned that individuals, especially those in rural areas, had a low willingness to contribute to LTCI and raising funds from individuals is difficult. However, individual contribution is an important financing channel for long-term care insurance and relying on medical insurance funds is not sustainable, nor is it consistent with the independence of the insurance design (45). So how to resolve the tension between the importance of individual contributions and the individual’s preference for low premiums? The results of the subgroup analyses may provide meaningful insights. We found that individual premium lost statistical significance among those with higher levels of education and better financial situation. Previous studies have proven that people with higher levels of education (46) and better financial situation (46, 47) tend to show a demand for LTCI. People who are well educated are usually more risk-averse, have a more in-depth knowledge of insurance, and are therefore more willing to contribute to LTCI (48, 49). Better financial situation means greater purchasing power. It is easy to understand that when people’s ability and willingness to contribute increase, they will be less sensitive to premium. Thus, some implications for policy-making can be drawn based on this result to promote the financing of LTCI. First, people’s income level should be raised to improve their purchasing power, and LTCI policy publicity should be strengthened to enhance people’s awareness of LTCI, thus increasing individuals’ willingness to contribute. In addition, it is worth noting that due to the lack of a stable source of income, there is a gap between the contribution ability of participants in the resident LTCI and that of the employee LTCI. In order to ensure the smooth implementation of the resident LTCI, a transfer fund system can be established with reference to Qingdao’s practice. The transfer between the employee and resident long term care funds will make up for the shortage of the resident fund. Finally, from the perspective of integration, unifying employee long-term care insurance and resident long-term care insurance can achieve risk sharing on a broader scale, which not only helps to reduce the pressure on individual contributions, but also solves the problem of fragmentation of the system (50).

Long-term care insurance, which reimburses home-based care provided by both professionals and family members, can be more effective for older people than long-term care insurance, which reimburses only home-based care services provided by professionals. This means informal care services were still favored by older people. Consistent with the findings of this paper, a large number of studies from China have demonstrated that the majority of older people would prefer to have family members provide long-term care for them (51, 52). The reasons can be explained in two ways: first, the traditional Chinese culture of filial piety and the concept of “bring up children for the purpose of being looked after in old age” have a strong influence. Second, there is greater familiarity and emotional ties between family members and older people, being cared for by someone familiar is more in line with the habits and psychological needs of older people (53, 54). It is worth noting that previous studies have found that older people who are women, more educated, in a better financial situation, and with fewer children are more likely to choose professional caregivers to provide long-term care for them (55–58). However, the subgroup analyses in our paper did not find differences in preferences for long-term care providers among older adults with different socioeconomic characteristics. All subgroups had significant preferences for informal caregivers. This enlightens us that we should advocate and support families to play a greater role in long-term care (59). From the perspective of policy design, compared with the long-term care insurance policy that only supports formal care, the long-term care insurance policy that supports both formal care and family care has a crowding-in effect on family care (60). Therefore, support for informal caregivers such as provision of cash benefits should be added to the long-term care insurance policy, which not only offsets the opportunity cost of caring for the older adults to a certain extent, thus encouraging informal caregivers to take the initiative to assume the responsibility of caregiving (60, 61), but also conforms to the international trend that responsibility for long-term care is gradually returning from the state to individuals and families (62). The professionalism of informal careers can be enhanced through regular professional training (63). Meanwhile, it is important to note that certain long-term care services are too specialized to be accomplished by family members alone, therefore, the intervention of professional caregivers is essential and formal and informal care should be integrated in the long run.

Government subsidy and richer benefit packages are often thought to increase the people’s willingness to enroll in LTCI (26). In this study, these two attributes lost statistical significance in the mixed logit model with the full sample. However, the mixed logit model for the full sample only told part of the story, and subgroup analyses were able to paint a more nuanced picture of the heterogeneity of respondents’ preferences. We found some meaningful insights in the subgroup analysis.

Firstly, older people who were in average or poor financial situation and had fewer children were found to have a significant preference for government subsidy. Government subsidy can increase residents’ disposable income by lowering the price of LTCI, thus triggering an increase in demand for LTCI (64). However, due to people have different price elasticity coefficients, the same government subsidy will have different impacts on different residents, and the government subsidy will produce a more pronounced utility enhancement for residents with low incomes (65), which may explain why government subsidy had an impact on older people in average/poor financial situation, while they had no impact on older people in good financial situation. The fewer children there are, the less support the older adults will receive from their children (66), so older people with fewer children hoped to receive external support from government. Secondly, people with chronic diseases are assumed to prefer more generous long-term care because they are more likely to use long-term care services in the future. However, contrary to this hypothesis, our paper found older people suffering from chronic diseases showed preference for basic long-term care services (medical care + basic life care) rather than expanded benefit package (medical care + basic life care+rehabilitation training). While this group has high long-term care needs, they may have limited knowledge of the content of long-term care services, and thus were satisfied with basic benefit packages. Finally, there are also significant differences in the preferences for government subsidy and benefit package between urban and rural older people. Urban older people had a clear preference for benefit package including “medical care + basic life care + rehabilitation training,” while benefit package was not a key factor that rural older people considered when choosing LTCI. This may be due to the scarcity of avaliable care services in rural areas (67), resulting in limited awareness of long-term care services among rural older people. Compared to rural older people, urban older people preferred government subsidy. This is because the problem of low birth rates and smaller family structures in urban areas is more severe (66), and the limited family resources available to urban older people require government support. In general, the above discussion provides several policy implications. On the one hand, financial subsidy should be rationally set according to the actual needs of different residents (64), and older people with lower income and fewer children are the key target group for government subsidy. On the other hand, long-term care knowledge should be popularized, especially in rural areas, to enhance older people’s understanding of long-term care, thus helping them to have a more scientific understanding of their own needs.

There are some limitations to this study: first, long-term care insurance decision-making is a complex process that is influenced by many factors. Only five long-term care insurance attributes were included in this study, future research should further explore the impact of other potential attributes on long-term care insurance selection preferences. Second, due to the limitations of human and material resources, this study was conducted only in the scope of Shandong Province, and although it met the research needs, the generalizability of findings to other areas in China is limited, therefore, the research sample should be further expanded in the future so as to come up with more comprehensive policy recommendations. Third, discrete choice experiment measures stated preference based on hypothetical scenarios, which is susceptible to hypothetical bias, and the results may differ from the decisions people make when faced with actual choices, further research should be conducted on older people’s revealed preferences for LTCI to verify the findings of this paper. Fourth, we used cross-sectional data without considering whether there is inconsistency in the preferences of older adults over time, this should be improved in future research. Finally, due to limitations in mobility, some vulnerable groups such as severely disabled older people may not have been included in our survey, potential sample selection biases may have an impact on our research results. Stricter sampling procedures should be designed to overcome sample selection bias.



5 Conclusion

This paper investigated the preferences of urban and rural older people in Shandong Province for long-term care insurance based on a stated preference approach, and found that individual premium, reimbursement rate, and whose provision of home-based care can be reimbursed had an impact on older people’s choice of long-term care insurance. Older people with different characteristics had different preferences for individual premium, government subsidy and benefit package. Improving policy design of LTCI according to the preferences of the target population is essential for the sustainability of long-term care insurance.
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Introduction: Intergenerational support is an important determinant of mental health. Due to limited access to formal care, the role of the family as provider of support became more prominent during the COVID-19 pandemic. To date, it remains unclear how intergenerational support from adult children to older parents was affected during the pandemic and whether this had consequences for the mental health of the parent generation.
Methods: Using data from the Survey of Health, Ageing and Retirement in Europe (SHARE) Corona Surveys, we explore whether changes in support going from non-coresident adult children to their parents are associated with parents’ increase in depressive feelings. Additionally, we test whether the pandemic context and public health measures affected this relationship.
Results: During the pandemic, families are found to provide more support. These changes in intergenerational support, however, were related to increased depressive feelings for the older parents. Furthermore, both the strictness of public health measures and the concurrent epidemiological situation affected this relationship.
Conclusion: We conclude that the family is an essential source of late-life well-being, but stressful life events, such as public health crises, put pressure on these intergenerational relations with potential adverse mental health outcomes. Future policies should take into account the ambivalent nature of intergenerational relationships.
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1 Introduction

2020 will forever be associated with the coronavirus pandemic. Physical distancing, stay-at-home orders and mandatory face masks were some of the policy responses implemented to slow down the spread of the coronavirus. After the first wave of infections in 2020, it became clear that more waves were likely to follow and that people would continue to live in such “new normal” in 2021 as well.

Due to their high risk profile, in about all countries, older adults were encouraged to self-isolate and to limit their contacts to the bare minimum (1). During this period, there was a strong focus on the often dramatic situations in nursing homes (2), but older adults living at home mainly flew under the radar. This despite the fact that epidemiological control measures restricted individuals’ access to physical forms of social interaction, while at the same time increased the demand for help and support (3). Given the strong connection between social interactions, social support and mental well-being, concerns arose that strict social distancing measures may put older adults at greater risk of depressive feelings, anxiousness and loneliness (4, 5). Therefore, this study centres on the relationship between changes in intergenerational support during the pandemic and the mental well-being of older adults.

This particular focus on intergenerational support exchanges is relevant since older adults living at home generally receive some sort of practical support (e.g., help in the household), often related to mobility limitations and declining health (6). A key source of such support is the family (7) and is considered to be a main determinant of late-life well-being (8, 9). However, intergenerational physical contacts were supposed to be drastically reduced as a direct consequence of the public health measures (10) or avoided out of fear of contamination (11).

Nevertheless, some studies found that, going against official guidelines, intergenerational contacts still remained prevalent, in some cases even more than in pre-pandemic times (3, 12–14). This may not only be important in order to fulfill the (increased) need for help and support, but also for buffering the potentially negative impact of the COVID-19 restrictions on the mental well-being of the older population (15). In contrast, based upon pre-pandemic studies, increased dependency on family members could also aggravate low mental well-being among the older population (16). Whether the negative effect of increased dependencies on adult children also pertains during a public health crisis such as the COVID-19 pandemic remains unclear. We address this research gap by questioning whether and how changes in receiving intergenerational support during the pandemic are related to increases in feelings of sadness and depression among the older European population.



2 Background

While governments implemented measures in order to contain the spread of COVID-19 and protect public health, results from studies conducted during the pandemic’s early stages signaled some negative psychosocial side-effects of the stay-at-home orders (17, 18). The pandemic, for example, posed some serious challenges to maintain intergenerational connections (11). This is concerning since these are crucial for mental health and well-being (8, 9), as well as important sources of support (7).

Caring for grandchildren, for example, was strongly discouraged, even though the need was high, due to the closure of schools and childcare services in many countries (19). Adhering to such guidelines by stopping or highly reducing the time spent looking after grandchildren, however, has negative consequences for the mental health of the grandparents, as pointed out by the study of Di Gessa et al. (20). The fact that grandparents were not able to see and take care of their grandchildren for reasons beyond their control was hypothesized to lead to increased levels of distress (20). Such mechanisms might also be relevant for intergenerational support going in the other direction, i.e., from adult children to their parents, but have never been tested in an European context.

Looking into support exchanges from adult child to parents during the pandemic, we would expect a general decline in these kind of interactions, due to the fear of infecting an older parent or getting infected by contact with a relative (11). This could be detrimental for those who rely on support and care provided by their children if the remaining amount does not meet their needs anymore (13). However, multiple studies proposed that parents and non-coresident children were actually more in touch with one another during the pandemic than before. This was possible due to a switch to alternative modes of communication (e.g., telephone and video calls) (10, 15), increasing concerns over each other’s health and well-being (21), and intensified exchanges of instrumental support (3, 12–14).

The latter is especially relevant as older parents are likely to rely more on their adult children due to COVID-19 restrictions (22). Activities such as grocery shopping, accessing healthcare and receiving home care posed risks, and became tasks that were preferably done by others (23). The reduced availability of paid services and care support due to COVID-19 related control measures (24), thus seemed to be compensated by increased levels of family care. It remains unclear, however, whether and how such compensations may impact the well-being of older adults.

Based upon pre-pandemic studies, we know that receiving support from adult children is predictive of better well-being for older adults (25) and especially for women (26). An important nuance, however, is that it might also result into increased feelings of dependence under certain conditions (8, 25). Reciprocity is considered one such important condition for promoting the well-being of both donor and receiver (27). Receiving support but not being able to give (equally) in return may translate into feelings of guilt and dependency and lower levels of life satisfaction (28). Fulfilling this reciprocity principle may become more difficult as the pandemic limits the short-term opportunities for older adults to support their family members in return (27). Additionally, receiving help from adult children reduces the parents’ sense of independence and autonomy, as it conflicts the norms associated with their parental role (16). In the context of COVID-19 and restricted availability of formal care services, feelings of dependency are likely to increase and might exacerbate the negative association between receiving instrumental support from kin and late-life well-being.

Moreover, the pandemic could also lead to rising conflicts and concerns within families (29). When adult children and parents are not agreeing on the attitudes toward COVID-19 and compliance toward preventive measures (30), this could translate into diverging expectations about support exchanges and negative interactions as well. For example, parents can expect their children to fill in the void in formal care while adult children want to adhere to the precautions and limit personal contact as much as possible. Such conflicts and disagreements may be more likely to occur when stringency levels are high and more containment rules are implemented, or be more intense when mortality rates are peaking. Pre-pandemic studies already illustrated the negative effect of conflict in intergenerational exchanges for older adults’ mental health (8), while more recent studies warned for the declining quality of intergenerational contacts during the pandemic (31). The ambivalent character of intergenerational relationships (32) might be exacerbated during a public health crisis. These moderating effects of the pandemic are already signaled by Jiang and Fung (27) for China, but are not yet considered in an European context.

In light of this, it is important to examine how family support networks have been affected by the pandemic and to what degree this has implications for the mental health of the care recipients, i.e., the older parents. In this study we explore whether and to what extent changes in receiving intergenerational support provided by adult children were associated with a decrease in the parent’s mental well-being during the pandemic. To our knowledge, our study is the first to analyse upward exchanges of support during the pandemic and its consequences for the mental health of community-dwelling older Europeans, while acknowledging the role of the pandemic context and the strictness of sanitary measures.


2.1 Research question and hypotheses

Intergenerational relations were previously examined in the context of the COVID-19 pandemic (3, 12–14), but very few studies (exception) (27) investigated whether changes in support from adult children to their parents affected the mental health of older adults during these turbulent times. Our main research question is therefore: “Are changes in receiving intergenerational support during the pandemic related to an increase in feelings of sadness and depression?”

We hypothesize that parents who reported an increase in support from adult children during the pandemic are also more likely to experience an increase in depressive feelings, compared to older adults who did not (Hypothesis 1). This hypothesis is based on both pandemic (27) and pre-pandemic (16) studies that already highlighted that increased dependency on family members can have a negative impact on the well-being of older adults.

Nevertheless, we also acknowledge the fact that the pandemic potentially made it more difficult to maintain intergenerational in-person contacts, due to sanitary policies. A sudden drop in support could lead to the older parent’s needs not being met or conflicting expectations about within-family support, and thereby increasing mental distress (27, 33). Therefore, we expect that those who experience a decrease in received intergenerational support are more likely to have an increase in depressive feelings, compared to those who do not (Hypothesis 2).

Taking into account the context of COVID-19, we ask whether and how the pandemic affects this association between intergenerational support and mental health. Concretely, we propose that as restrictions and excess mortality become more severe, the effect of changes in intergenerational support on mental health will become stronger as well (Hypothesis 3). This comes from the assumption that when the severity of the pandemic increases—measured through either higher stringency or higher mortality—the potential for conflicting expectations and family roles rises accordingly (31), with negative mental health outcomes as a potential consequence (8, 30).




3 Data and methods


3.1 Study population

We use data from the Survey of Health, Ageing and Retirement in Europe (SHARE) (34, 35). In addition to their regular waves, SHARE conducted two rounds of the SHARE Corona Survey between June and August 2020 (SCS1) and 1 year later between June and August 2021 (SCS2). Utilizing SHARE offers the advantage of having multiple measurements during the pandemic (SCS1 and SCS2), as well as prior to the pandemic (e.g., pre-pandemic mental health). These are often not available in the many non-representative samples and internet studies that were quickly initiated after the onset of COVID-19. Additionally, we make use of the interview dates to capture the exact pandemic situation at the time of the interview. Our sample size includes respondents who participated in SCS1, SCS2 or both, with full information on the variables of interest. This results in 42,567 observation across 24,057 respondents aged 65 and over with at least one adult child living outside the household, across 27 countries: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Israel, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Romania, Slovakia, Slovenia, Spain, Sweden and Switzerland.



3.2 Measures

Our dependent variable measures the change in subjective feelings of sadness and depression during the pandemic. Respondents were asked whether they felt sad or depressed. If so, there was a follow-up questions asking if this was “More often,” “About the same” or “Less often” than before the outbreak (SCS1) or than during the first wave (SCS2). We are interested in mental declines. Therefore, following previous studies (36–38), we combined the info of these two questions, resulting into a binary indicator of a decline in mental well-being taking a value of 1 if respondents reported to feel “more often” sad or depressed and 0 otherwise.

Information on receiving intergenerational support was collected through the question “Since the outbreak of Corona, were you helped by others from outside of home to obtain necessities, e.g., food, medications or emergency household repairs?” in SCS1. In SCS2, the same question was asked but with the first outbreak as reference period. After this general question, respondents can clarify from whom they received help. For our analyses, we focus on changes in support provided by non-coresident adult children. The amount of received support is asked with options including “More often,” “Less often” and “About the same.” We classify respondents into three categories distinguishing between (1) those who experienced a decrease (2 and 5% of the total sample for, respectively, SCS1 and SCS2); (2) those who experienced an increase (16 and 9% of the total sample for, respectively, SCS1 and SCS2); (3) those who did not experience a change (5 and 18% of the total sample for, respectively, SCS1 and SCS2), including those who never receive support from their non-coresident children (77 and 68% of the total sample for, respectively, SCS1 and SCS2).

We use two measures from two different data sources in order to capture the pandemic context at the timing of the interview: stringency level and excess mortality. For both measures, it is essential to take into account their high volatility. During the fieldwork of both SCS1 and SCS2, there was a high variability in the stringency level and excess mortality across and within countries as well as during the fieldwork periods of SCS1 and SCS2 (see Supplementary Figures 1, 2). This implies that the timing of the interview is essential to accurately capture the pandemic context (including country-specific policy responses and exposure to COVID-19). Considering these variables merely at the country-level, by for example taking a weighted average, neglects these fluctuations and will not reflect the pandemic context of the respondent at the time of interview. Furthermore, lockdown measures are often implemented overnight and this “shock effect” is likely to affect the mental health of the older population, as well as changes in intergenerational support. It is therefore essential to consider the pandemic context for each individual as accurately as possible. With the availability of the interview dates, we are able to do so. Interviews are distributed across 119 interview dates in SCS1 (June–September 2020) and 75 interview days (June–August 2021) for SCS2 (for distribution of interviews across interview dates: see Supplementary Figure 3).

For the stringency level, we link individual interview dates with data from the Oxford COVID-19 Government Response Tracker (OxCGRT) (39), which tracked daily country-specific governmental policy response to the COVID-19 pandemic. These responses include school closures, workplace closures, cancelation of public events; restrictions on public gatherings; closures of public transport; stay-at-home requirements; public information campaigns; restrictions on internal movements; and international travel controls (39). The OxCGRT data is used to calculate the Oxford Stringency Index, yielding scores from 0 (no restrictions) to 100 (complete lockdown). For this study, we computed a Stringency Index score at the individual level reflecting the mean value of the Stringency Index level between the date of interview and 3 months before.

To account for the levels of exposure to COVID-19, we included information on excess mortality at the time of the respondent’s interview (40). The monthly excess mortality indicator is expressed as the percentage rate of additional deaths in a month, compared to a baseline period. Compared to other measures of exposure to COVID-19 (e.g., confirmed COVID-19 cases), excess mortality has the advantage of avoiding issues of misreporting caused by geographical discrepancies in reporting and testing of COVID-19 (41).

Several potential confounders, known to be associated with intergenerational support and mental health, are included in the analyses. We control for age, gender, number of children and region (Northern Europe, Southern Europe, Western Europe, Eastern Europe and Baltic states). Socio-economic characteristics are based on pre-pandemic data and include the subjective financial situation (i.e., whether the respondent reported that their household is able to make ends meet with great or some difficulty) and level of education. We also controlled for pre-pandemic physical and mental health: pre-pandemic limitations with instrumental activities of daily living (IADL), pre-pandemic limitations with activities of daily living (ADL) and pre-pandemic chronic diseases. For mental health, we control for whether they experienced depression before the pandemic or not. Additionally, we included a measure of subjective health change to indicate a change in health status during the first and/or second wave (i.e., improved health or no change and worsened health). The main characteristics of our analytic sample are summarized in Supplementary Table 1.



3.3 Statistical analysis

Given the hierarchical nature of our data, with observations nested within individuals (survey year) which are in turn nested within countries, we conduct multilevel logistic modeling. Although our models do not contain variables measured at the country-level, multilevel modeling ensures a more accurate parameter estimation by accounting for the hierarchical nature of our data, compared to models that assume independence between observations (42). In a robustness check, we ignore the hierarchical structure of our dataset and repeat the analyses by performing a pooled OLS regressions with clustered standard errors to account for within-person correlation and country-fixed effects (see Supplementary material). We start our main analyses with a null model to assess the extent of the cross-country and temporal variability of our dependent variable, by only including the fixed intercept, and the country-level and survey year-level (SCS1 or SCS2) random intercept variances. Intra-class correlation coefficients (ICC) are estimated to assess these variance components. We then proceed by examining whether changes in intergenerational support affects the likelihood of experiencing increased depressive feelings, while controlling for relevant covariates (Model 1). Model 2 includes measures of pandemic context, i.e., stringency index and excess mortality. We stress once again that these measures of pandemic context are included at the individual-level, since they are linked to each respondent’s date of interview to capture the measures of pandemic context with the concurrent level of depressive feelings and intergenerational support. Lastly, interaction terms are added in order to explore differences in the effect of changes of intergenerational support by variables related to the pandemic context. For this, interactions with the stringency index (Model 3) and excess mortality (Model 4) are first added separately, before considering them simultaneously (Model 5). Stata code to replicate the analyses are available online.

We perform additional robustness checks to eliminate potential bias in our results. First, we test whether our results are specific for the pandemic or whether similar mechanisms are found when studying pre-pandemic data. Second, we exclude measures of changes in self-rated health in order to account for the potential overlap between the assessment of overall health and mental health. Finally, we repeat our analyses with an additional category in our measurement of intergenerational support, in order to differentiate between respondents receiving no support and respondents experiencing no change in support (see Supplementary material).




4 Results


4.1 Mental health during the pandemic

At the start of the pandemic, 17% of our respondents had more often depressive feelings after the first outbreak compared to before. Across all included countries, the share ranges from 9% (Denmark) to 31% (Spain). We observe the highest proportion of respondents with increased depressive feelings in Southern Europe (19%) and the lowest proportion in Northern Europe (12%) (see SCS1 in Supplementary Figure 4).

As COVID-19 continued to rage across Europe, 12% of the respondents reported a worsening of mental health after the second outbreak, compared to the first outbreak. During the second outbreak, the Baltic States reported the highest proportion (15%) of increased depressive feelings, while the lowest proportion was observed in Northern Europe (6%) (see SCS2 in Supplementary Figure 4). Although the proportion of individuals reporting a worsening of their mental health is highest after the first outbreak, we see that the pandemic continues to impact the mental health of older Europeans also after the first wave of infections. This is especially true for the Baltic states and Eastern Europe, where we do not observe a decline in the share of respondents indicating worsening mental health.



4.2 Intergenerational support during the pandemic

Looking at changes in receiving intergenerational support across Europe (see SCS1 in Supplementary Figure 5), it seems that the family took up the role of caregiver more intensively as a response to the first outbreak of COVID-19. This trend was noticeable all over Europe with differences across regions being rather limited. Increases in intergenerational support during the first wave ranges between 18% in the Northern countries and 26% in the Western countries. In parallel, between 5% (in Southern Europe) and 4% (in Northern Europe) of respondents indicate a decrease in intergenerational support. As the pandemic continued some discrepancies between geographical regions emerged. These descriptives show that increases in support between parents and their adult children were more prominent in Southern Europe (13%), Eastern Europe (13%) and the Baltic States (12%), compared to Northern (4%) and Western Europe (7%) (see SCS2 in Supplementary Figure 5).



4.3 Effect of changes in intergenerational support on depressive feelings

In what follows, we explore whether and to what extent changes in receiving intergenerational support affected the mental health of older parents during the pandemic. The null model (See Supplementary Table 2) and its corresponding ICCs show that about 3% of the variability in experiencing increased depressive feelings is explained by between-country differences, and about 35% lies between time points within countries. It are thus primarily individual differences and temporal differences that account for the variation in increased depressive feelings, rather than differences across countries.

Model 1 (see Table 1) adds measures for change in intergenerational support, adjusted for potential confounding of pre-and intra-pandemic socio-economic characteristics, health and depression. Receiving more support from one’s children during the pandemic is significantly related to a higher likelihood of experiencing an increase in depressive feelings, compared to those who maintained the same level of intergenerational support. In contrast, those who experienced a decrease in intergenerational support were not significantly more or less likely to experience an increase in mental distress. These results are in line with hypothesis 1 but not with hypothesis 2.



TABLE 1 Multilevel logistic modelling results (expressed in odds ratios) on increased depressive feelings.
[image: A table presents logistic regression results from five models. It displays Odds Ratios (OR) and 95% Confidence Intervals (CI) for various factors, including age, chronic diseases, financial difficulties, education level, European region, and intergenerational support. Significant results are marked with asterisks, indicating different levels of statistical significance. Random variance parameters and log likelihood values are provided at the bottom.]

Looking at our covariates, the results also indicate important gender differences. Women were more likely to suffer from increased depressive feelings during the pandemic compared to men. Furthermore, those who were depressed before the pandemic, lived without a partner, experienced a decline in subjective physical health, and had financial difficulties were all more likely to experience an increase in depressive feelings during the pandemic. Across geographical regions, we see that respondents living in Western parts of Europe reported a higher likelihood of increased depressive feelings, compared to those living in Northern Europe. Respondents were less likely to report an increase in depressive feelings during SCS2, compared to SCS1.

In the following models, we include more specific measures of the pandemic context, i.e., stringency index and excess mortality at the time of interview. We find a positive association between increased depressive feelings and higher scores on the stringency index, and a negative association with excess mortality (Model 2 in Table 1). While lockdowns, social distancing and other restricting guidelines have significant negative mental health consequences, the pandemic can also give rise to feelings of unity, resilience, and sense of belonging, and thereby buffer against depressive symptoms.

Additionally, the effects of changes in intergenerational support depend on the level of these two measures of pandemic context, which is partially in line with hypothesis 3 (see Model 3 in Table 1). While the effect of more intergenerational support does not depend on the level of stringency, the effect of decreases in received intergenerational support does. Experiencing a decline in received support is related to a lower likelihood of increased depressive feelings but this negative effect is attenuated as more stringent measures are in force. Declines in support are potentially direct responses to high stringency levels, which might be detrimental for older adult’s mental health. Visually, we see that the slopes of experiencing no change and increases in intergenerational support are quite similar, while the slope of decreases in support is much steeper (see left panel of Figure 1). Indeed, the difference between those that are experiencing no change and those that report an increase in support remains continuously stable as stringency increases (see right panel of Figure 1). The difference between no change (i.e., the reference category) and decreases in support, however, increases with stringency and becomes significant when the stringency level exceeds a value of approximately 65 (see right panel of Figure 1).

[image: Two line graphs compare the effects of a stringency index on depressive feelings. The left graph shows predictive margins; lines for "no change," "less often," and "more often" all increase with stringency, with "less often" rising more steeply. The right graph depicts average marginal effects with 95% confidence intervals, showing "less often" with a growing negative effect and "more often" with a stable, slight positive effect.]

FIGURE 1
 Interaction effect between changes in intergenerational support and stringency index (Table 1—Model 3).


Turning to excess mortality, a different pattern emerges (see Model 4 in Table 1). We now observe a positive effect of receiving more support, and this effect increases with higher excess mortality, visualized by a positive slope (see left panel of Figure 2). Receiving less support is now related to higher likelihood of increased depressive feelings. This effect, however, decreases as excess mortality rises (see right panel of Figure 2). For lesser support, the average marginal effect becomes more negative with mortality but the difference is only significant for high levels of excess mortality (see right panel of Figure 2).

[image: Two graphs are shown. The left graph displays predictive margins, showing the relationship between excess mortality and the probability of increased depressive feelings. Three lines represent no change, less often, and more often frequencies. The right graph depicts average marginal effects with a 95% confidence interval for the same variables, highlighting similar trends with shaded confidence bands. Both graphs indicate a general increase in depressive feelings with more frequent exposure and a decrease with less frequent exposure to excess mortality.]

FIGURE 2
 Interaction effect between changes in intergenerational support and excess mortality (Table 1—Model 4).


Our full model (see Model 5 in Table 1), including both interactions between pandemic context and changes in intergenerational support, confirms these results. Again, we see that the effect of decreases in support depends on the level of stringency, with a higher likelihood of increased depressive feelings as stringency rises. For excess mortality, increases in support are related to higher likelihood of increasing depressive feelings as excess mortality reaches higher levels. Decreases in support, on the contrary, lower the likelihood with rising excess mortality.




5 Discussion

An extensive body of research has looked into the mental health and well-being consequences of the pandemic, with a range of studies focusing on the older population (18, 29, 43, 44). Nevertheless, the mechanisms behind potential mental well-being effects are far less illuminated. In this study, we examined the relationship between changes in intergenerational support and experiencing an increase in depressive feelings among the 65+ population. In doing so, we cover the COVID-19 pandemic from its initial outbreak until the Summer of 2021 and thereby provide a comprehensive assessment of its impact.

We find that about 17% of individuals aged 65 and older reported feeling more sad or depressed during the first outbreak compared to before. This number decreases to 13% when comparing SCS2 with SCS1. At the same time, we also see a drastic increase in intergenerational support after the onset of the pandemic. Although social interactions were discouraged or even prohibited, many families maintained or even increased their support exchanges. Previous studies showed that older adults’ level of intergenerational interactions were more likely to increase in countries with more stringent measures (14). These increases in support are likely responses to intensified pre-existing needs for support as well as newly created needs among older adults who were previously not relying on external support (45).

With limited formal alternatives, the cost of exchanges between parents and adult children are likely to be higher than under normal circumstances. Family caregivers may be feeling obligated to fill in the care void or decide that the exchange is not worth the risk. Both scenarios may translate into ambivalence, tension between caregiver and care-recipient and increased mental distress for both parties (22).

Our first two research hypotheses therefore examined whether these changes in receiving intergenerational support during to the pandemic were related to deteriorating mental well-being among 65+ Europeans. We found that older individuals who experienced an increase in received support during the pandemic were more likely to report an increase in depressive feelings, compared to those who did not experience a change in intergenerational support. This positive association between increases in intergenerational support and increases in depressive feelings may not only reflect the negative effects of increased dependence, loss of self-efficacy and control (16, 25), but also resonates with theories emphasizing the importance of reciprocity in intergenerational exchanges in order to produce positive mental health outcomes (46). The balance between giving and receiving may become distorted due to the pandemic, as it limits all kinds of support exchanges (e.g., grandchild care), making it difficult for older parents to fulfill this reciprocity condition. Nevertheless, it could also be the case that respondents who experienced an increase in depressive feelings, called upon their support network more often, resulting in increasing intergenerational support. For decreases in support, no significant effects were found when the pandemic context was not taken into account.

Our third research hypothesis focused on the role of the epidemiological situation. Given the vast differences in the strictness of the sanitary measures as well as in the severeness of the pandemic, it is crucial to relate concurrent pandemic measures to both changes in intergenerational exchanges and mental health. Stringency levels and excess mortality are found to be, respectively, positively and negatively related to increased depressive feelings. This contrasting finding highlights the complex interplay between individual experiences and societal responses to crises. While the pandemic can cause strain and challenges caused by social distancing and other measures, it can also be a source of community and resilience. This shows that socially disruptive events are not necessarily always related to lower well-being for all (47).

Furthermore, we find that the effect of decreases in intergenerational support actually depends on the level of stringency. The positive effect of less support increases as more stringency measures are implemented - but only when it surpasses a certain level. A possible interpretation for this is that when lower levels of support are not solely an autonomous decision of the family but also urged by sanitary policies. When decisions on intergenerational support are not self-determined, but potentially induced by restricting policies, constraints and fear, this might lead to worse mental health outcomes. Additionally, it may create intergenerational tension. As adherence to these measures might differ between adult children and their parents (31), expectations about support might not be in concordance as well. Greater stringency also prevents other sources of social contact and informal support (e.g., other family members, friends and neighbors) as well as formal care alternatives, which are otherwise potential substitutes for intergenerational contacts. When older parents are left with unmet needs or expectations, this may not only impact their physical but also mental well-being (33). This finding signals the importance of the family as source of support and well-being. But the causality can run the other way around as well: older parents experiencing worse mental health due to higher stringency levels, may become socially isolated and in turn limit their intergenerational contacts (48). Based upon our results, we cannot fully assess the directionally or existence of causality between decreases in intergenerational support and late-life well-being.

Such association, however, is not found for increases in intergenerational support with the detrimental effect of increases support on mental health being consistent across different levels of stringency. The fact that adult children may intensify their role as caregiver does not seem to interfere with the connection between changes in intergenerational support and mental health. For increasing mortality, on the other hand, we see that it is related to stronger effects of increases in intergenerational support on mental health. When COVID-19 related deaths are high, this could lead to increased fear and anxiety for getting infected when receiving in-person support. The effect of decreases in intergenerational support, however, decreases with mortality rates. Respondents might argue that such decreases are necessary in the concurrent context which thereby decreases its negative mental health impact.

Interpretation of these results should take account of the limitations of the study. Findings are specific to older Europeans and exchanges of support with adult children. Therefore these are not generalisable to non-European contexts, younger age groups or support exchanged with other relatives or non-family members. Due to the question wording, we were not able to differentiate between different types and intensities of support. Potential mental health effects of, for example, emotional support should be addressed in future research. Additionally, our measure of mental health is captured by a single item instead of a composite depression scale. Our dependent measure should therefore be interpreted as a subjective indicator of increase in depressive feelings that suffers from potential recall bias. An interesting pathway for future research may be to explore whether similar mechanisms are found when looking at measures of changes in positive affect (e.g., increase in life satisfaction). Such measures, unfortunately, were not part of SCS1 nor SCS2. Furthermore, the fact that changes in both intergenerational support and mental health are based upon the subjective evaluation of the respondent, makes that our results cannot be interpreted as causal. For this, again, a composite depression scale, measured at different time-points would reduce this limitation to some extent, but is unfortunately not available for the European older population during the pandemic. Our results also confirm prior research examining whether and how the pandemic’s effects vary by gender. Women are found to be disproportionately affected by containment and closure policies when looking at mental distress outcomes (36). In our sample, women indeed report higher levels of depressive feelings compared to men. Forthcoming studies should build upon these results and disentangle whether these gender differences originate directly from containment policies or indirectly through, for example, changes in informal care and support. Previous research already showed that men are more likely to report decreased parent–child contacts than women during the pandemic (14). Whether these gender differences also translate into diverging mental health outcomes is still unknown.

To conclude, our study demonstrates the relevance of the family and intergenerational relations for the mental health of the older generation during an unprecedented time that is the COVID-19 crisis. While receiving adequate support is essential for late-life well-being, we should acknowledge that intergenerational exchanges of care and support are also potential stress factors and sources of ambivalence, not only for the care provider but also for the recipient. When family relations are put under pressure, like during a global pandemic, this might translate into poorer mental health outcomes. Formal care alternatives should complement informal support in order to limit potential conflict in expectations and family roles. This is not only relevant for future policies designed to combat the spread of infectious diseases similar to COVID-19, but also in the context of population ageing and its related increase in healthcare costs, where the family functions as an important provider of informal care (49). Social policies targeting older adults living at home should take these consequential effects of intergenerational support into careful consideration as well, as good family ties are vital for late-life well-being.
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Introduction: As rural-to-urban migration accelerates, rural areas are experiencing a significant increase in empty-nesters among the older adults. Influenced by traditional concepts of filial piety, older adults in rural areas heavily rely on the family-based old care model, creating a complex interplay between supply and demand for older adults’ care. This study investigates the relationship between intergenerational support and older adults’ care expectations in rural areas. We construct measures of financial and care expectations of older adults’ care to reflect older adults’ intentions and choices.
Methods: This study uses data from the 2018 China Health and Retirement Longitudinal Study and rural case studies to employ a binomial logit regression model, moderation effect analysis, and in-depth interviews.
Results: Our research reveals that the level of financial expectations for older adults’ care is inversely related to the extent of financial support from the parental generation but positively related to the level of financial support from the offspring. However, the older adults’ care expectations do not appear to be influenced by intergenerational support. Furthermore, population characteristics of the parental generation, such as educational attainment, age, and marital status, moderate the relationship between intergenerational support and older adults’ care expectations. Educational attainment negatively moderates the impact of parental financial support on financial expectations, age positively moderates offspring’s financial support on financial expectations. However, age negatively moderates offspring’s financial support on care expectations, while marital status positively moderates offspring’s financial support on care expectations.
Discussion: These findings help to elucidate the older adults’ care expectations of rural residents during the process of urbanization and social transformation, offering family-centered solutions such as ‘promoting cohabitation or proximity of children to their parents, developing diverse older adults’ care models based on different family situations, and ensuring the provision of basic older adults’ care services’ to address the current challenges of rural older adults’ care in China.
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1 Introduction

The challenge of “supply falling short of demand” (1) in older adults’ care in rural China has become an urgent issue in addressing the challenges of population aging. Between 2000 and 2020, the global proportion of people aged 60 and over generally increased, with China’s aging rate and extent being particularly notable, surpassing that of other developing countries. Research shows that during this period, the proportion of China’s older adults rose from 10.0 to 18.7%, while in other developing countries, it increased from 6.8 to 9.2% (2). In the context of the urban–rural dual system, due to the comparative economic advantages of cities, there has been a continuous outflow of surplus labor from rural areas, with the majority of those moving to cities being young and middle-aged individuals (3, 4). This has led to a significant increase in the number of empty-nest older adults in rural areas, along with a growing demand for older adults’ care. However, the proportion of adult children living with their parents in rural China is less than 40% (5), which is significantly lower than the co-residence rates of over 70% in other developing countries such as the Philippines, Thailand, and Vietnam (6). This reduces the opportunities for the older adults to receive intergenerational support, including daily care and emotional comfort (7). The issues of low older adults’ care standards, uneven distribution of older adults’ care resources, and insufficient development of older adults’ care institutions are also prominent in rural China (8). By the end of 2019, the coverage of registered older adults’ care institutions, community-based older adults’ care facilities, and mutual aid older adults’ care facilities in rural China was only 6.40, 12, and 19%, respectively (9), indicating an urgent need to enhance the capacity of older adults’ care services.

Currently, the three main forms of older adults’ care in China are family-based care, social care, and self-care (10), which coexist and all depend on intergenerational support from children. Influenced by local customs or traditions, the predominant choice in rural areas is family-based care, relying on children. Chinese intergenerational relationships are characterized by a reciprocal “nurturing-support” pattern within parent–child interactions (11), encompassing mutual financial, care, and emotional support. These intergenerational relationships are essentially functional relationships based on parent–child bonds, featuring bidirectional interaction and mutual fulfillment. The rapid development of modernization and urbanization has led to the downsizing of core family structures, which weaken family-based caregiving functions. However, research indicates that family-based caregiving remains predominant. Most parents plan to rely on their children to address future older adults’ care needs, believing that children have moral and legal obligations to provide support (12).

Some scholars define older adults’ care expectations as individuals’ anticipations and prospects regarding their living conditions in old age, based on information collected and analyzed regarding existing older adults’ care systems and current older adults’ care conditions (13). In this paper, older adults’ care expectations primarily pertain to the subjective assumptions of the parental generation concerning financial resource provision and caregiving responsibilities in the future, that is, financial and care expectations of older adults’ care, based on their current intergenerational relationships and living conditions. Within this context, intergenerational support predominantly includes the financial support provided by the younger generation and the financial and caregiving support from the parent generation. With the decline of traditional patriarchal and filial piety culture, the children’s voices in intergenerational caregiving are gradually increasing, and their perspectives are potentially shifting. Will this change parental generation’s older adults’ care expectations and behavioral choices? Will distancing in intergenerational relationships or reduced financial support lower older adults’ expectations of their children’s caregiving in rural areas? How will intergenerational support influence older adults’ caregiving plans and lifestyles in rural areas? This study aims to elucidate how intergenerational support influences older adults’ care expectations and parental generation’s caregiving plans and behavioral choices in rural areas, utilizing the 2018 China Health and Retirement Longitudinal Study (CHARLS) data and case interview information.



2 Policy context and literature review


2.1 Policy context

As China transitions into an aging society, the 20th CPC National Congress proposed the national strategy of Actively Tackle Population Aging, advocating the development of older adults’ care services and industries to ensure that all older adults have access to basic older adults’ care services, which can provide specific policy background for rural older adults’ care expectations. In 2024, China’s Ministry of Civil Affairs issued the “Guiding Opinions on Accelerating the Development of Rural Older Adults’ Care Services,” emphasizing that the development of rural older adults’ care services is crucial for the happiness of hundreds of millions of rural older adults and is essential for the successful implementation of the national strategy to actively address population aging and the rural revitalization strategy. The guidelines stress the importance of “family responsibility” in this context. With the rapid aging of the population, the rising proportion of older adults, and the increasing prevalence of age-related disabilities and cognitive decline, the demand for service provision to China’s older adults has become more pronounced. There is an urgent need to delve into the older adults’ care service policies in response to population aging (14). Examining the relationship between intergenerational support and filial expectations in rural areas is instrumental in clarifying older adults’ care needs and the developmental direction of rural older adults amidst urbanization and societal transformation. This exploration can help devise practical solutions to contemporary rural older adults’ care issues. In addition, analyzing older adults’ care expectations in rural areas contributes to forecasting changes in family-based older adults’ care trends, providing valuable insights for formulating comprehensive social security policies and older adults’ care services.



2.2 Literature review

The outflow of young labor has increasingly highlighted the issue of family-centered older adults’ care in rural areas, bringing attention to intergenerational support within family-based care. The ongoing urbanization process has significantly impacted rural family composition and population structure, exerting substantial implications for social support systems. The outflow of young labor from rural areas has placed an increasing burden on family-based older adults’ care in rural regions. Due to the late development of rural social older adult care, many older adults passively caring for themselves not only lack financial security, but also face significant uncertainty risk due to agricultural production risks, market risks, and intergenerational transfer risks (15). In light of these circumstances, two perspectives have emerged in the discussion of older adults’ care models, known as “social older adults’ care” and “family-based older adults’ care.” On the one hand, “social older adults’ care” advocates a transition from a family-centric system to a government-led social older adult care system in rural areas, advocating for the establishment of a pension system primarily based on social pension insurance (16, 17). On the other hand, “family-based older adults’ care” argues for the continuation of the family’s role in rural older adult care, citing the strengths of Chinese cultural traditions and the path dependence, cost, and performance of institutional innovation (18). Research, however, has shown that the role of the social older adults’ care insurance system is not as impactful as anticipated. Families remain the primary source of older adults’ care in rural areas. Expressly, family-based older adults’ care has seen an expansion in its manifestation, while the core roles and functions remain unchanged (19). As a result, scholars have started delving more profoundly into the current state of intergenerational support, the motivations behind it, and the relationship between intergenerational support and family-based older adults’ care amidst changing intergenerational dynamics.

Previous studies have explored intergenerational support and family-based older adults’ care within the context of three dimensions: financial provision, caregiving, and emotional solace, analyzing behavioral motivations within intergenerational interactions. Some scholars have used ordered logistic regression to analyze survey data regarding intergenerational relationships. Results show that rural residents witness an increase in emotional interaction across three generations, a decrease in financial interaction, and a trend leaning towards future generations in terms of labor support (20). The more older adult individuals contribute to grandchild care, the more their offspring tend to prefer familial older adults’ care (21). Children with better intergenerational relationships are more inclined to choose traditional home-based older adult care for their parents (22). When the New Rural Social Pension Insurance was considered as a factor, an analysis of CHARLS data indicated that it had a “crowding in” effect on financial support, a negative “crowding out” effect on temporal support, and an increase in time spent on intergenerational caregiving (23). The expansion of social security coverage has, to some extent, promoted a two-way flow of intergenerational economic resources (24).

Regarding motivations behind intergenerational support, various theories, including “reciprocity theory,” “social exchange theory,” and “kinship value theory,” emphasize the principle of reciprocity in intergenerational relationships (25). Under the influence of traditional filial piety values, intergenerational support displays characteristics of morality and ethical responsibility. However, during periods of social transformation, the logic of intergenerational support exhibited by the parental generation adheres to traditional ethical obligations, while the younger generation’s caregiving gradually loses its super-economic ethical features, leading to a significant weakening of emotional support in family-based older adults’ care (5).

Considering intergenerational changes, current rural family intergenerational relationships display the feature of “division without separation.” Intergenerational support leans towards rationalization and practices a “downward responsibility ethics” (26). In the context of older adults’ care practices, rural older adults’ care has characteristics of materialization, standardization, and clarity in exchange content (27). As the dynamic equilibrium of intergenerational relationships faces challenges in the process of social development, some scholars have started researching the factors influencing intergenerational support between the parental and offspring generations, focusing on the question of whether “raising children can provide for old age”. Huang et al. (28) analyzed the impact factors of intergenerational support from both the parental and offspring dimensions, while Nie (29) examined the influence of children’s socio-economic characteristics and intergenerational interaction on older adults’ care resource acquisition at the micro-level. The results indicate that although upward intergenerational support tends to be economically rational, intergenerational support primarily flows from children to parents. The “raising children to provide for old age” concept, to some extent, aligns with reality. Expressly, the better the intergenerational relationship, the higher the likelihood of parents receiving financial support from their children. Some studies have found that when rural older adults pay for housing and child-rearing expenses, adult children may not be able or willing to provide care for them. This could be due to cultural or structural lags among the older adults in rural areas, or because the rapid upward mobility of children leaves them without the immediate capacity to reciprocate to their parents (30, 31).

Furthermore, children’s economic conditions significantly impact the older adults’ sources of income (32), but there is no consistent conclusion regarding the impact of the number and gender of children on intergenerational support. Research has also shown that the gender of the children can influence the type of intergenerational support, with daughters tending to provide caregiving support and sons more likely to provide financial support. Sons are also more likely to receive both financial and caregiving support from their parents (33).

Intergenerational support not only affects the quality of life of the parents but also influences their expectations for older adults’ care. As social older adults’ care burdens increase and resources become scarce, the upward support provided by the younger generation significantly influences the parental generation’s older adults’ care expectations and choices. This phenomenon is particularly pronounced in single-child families (34). Research indicates that in single-child families, the correlation between the parental generation’s older adults’ care expectations and the characteristics of the offspring generation are not clear. Instead, intergenerational support and parental generation characteristics significantly influence the choices of older adults’ care subjects. The extent of the parental generation’s intergenerational support expectations is largely constrained by social norms. The alignment between older adults’ care expectations and intergenerational support significantly impacts older adults’ care perceptions and fulfillment. Support from offspring, consistent with expectations and perceived at an appropriate time, is more valued and needed by the older adults (35). Scholars, through a comparison of older adults’ attitudes towards aging and filial expectations between two distinct cultural groups, the UK and China, found that older adults with higher expectations of filial piety were more likely to adopt a positive attitude towards aging. In addition, the intergenerational care expectations and their fulfillment, which are shaped by normative constraints, are influenced by factors such as age, marital status, and health conditions (36). Moreover, instrumental and emotional support provided by offspring can be partially interchangeable when they align with parental expectations and are provided at the right time, highlighting the essential role of balance between intergenerational support and older adults’ care expectations in improving older adults’ care quality (37).

Currently, rural older adults continue to lean towards intergenerational older adults’ care as their preferred choice. Modernization has not weakened the role of children in providing older adults’ care resources and caregiving but has instead driven changes in traditional family-based older adults’ care models (38). Therefore, many studies have focused on the older adults’ care wishes and choices amidst changing intergenerational relationships. Pu and Wang (13), based on 2014 survey data on older adults’ care methods in Jilin Province, explore the influence of family structure factors on older adults’ care expectations and older adults’ care preference of residents. The authors find that the level of filial piety of children and the harmony of intergenerational relationships were critical factors. Based on the 2014 China Longitudinal Aging Social Survey (CLASS), Tao et al. (25) investigate the impact of grandchild-caring and intergenerational relationships on the older adults’ care wishes. Guo and Zhang (39), using mixed research methods, quantitatively and qualitatively analyze changes in older adults’ care expectations and their impacts under the interaction between intergenerational relationships and older adults’ care insurance.

Existing studies have mainly focused on the older adults’ care wishes and preferences amid changing intergenerational relationships, emphasizing structural changes and development trends in family-based older adults’ care. However, there is limited research that delves into the relationship between intergenerational support and older adults’ care expectations among rural residents. Existing studies have predominantly examined urban populations or are limited in applicability due to the use of localized survey data. Therefore, this paper intends to investigate the influence of intergenerational support on older adults’ care expectations in rural areas through an analysis of national-level sample data and in-depth interviews with typical cases.




3 Research hypotheses and methodology

Given the obvious conflicts between intergenerational care demands and supplies in rural areas, this study focuses on individuals aged 60 and above in rural regions. Intergenerational support encompasses three primary dimensions: financial, care, and emotional support. Previous research has mainly addressed the emotional dimension. This study places particular emphasis on financial and care aspects of intergenerational support and employs a combined approach involving quantitative analysis and in-depth interviews to investigate the relationship between intergenerational support and filial expectations in rural older adults’ care. To begin, we analyze national-level sample data to provide an overview of the current status of intergenerational support and rural older adults’ care expectations. Subsequently, we construct logistic models to examine the relationship between intergenerational support and older adults’ care expectations, validating the theoretical hypotheses. Finally, we integrate insights from in-depth interviews to analyze the changing trends in rural older adults’ care expectations and discuss the challenges faced in rural intergenerational care.


3.1 Research hypotheses

Existing literature has demonstrated that under the influence of social norms and ethical considerations, the older adults’ care expectations and filial piety expectations of the parental generation are influenced by demographic factors such as age, educational attainment, and marital status (40). Parental older adults’ care choices do not have significant correlations with children’s characteristics but are closely associated with intergenerational support and its types (5, 21). Given the heterogeneity of individuals, we posit that older adults’ care expectations may be linked to parental demographic features and intergenerational contributions. Furthermore, due to changes in family structures and the downward shift in intergenerational relationships, intergenerational exchanges between parents and children tend to become more materialistic and transactional (41). With evolving intergenerational dynamics and the decline of filial piety culture, parents no longer experience guaranteed intergenerational reciprocation (7). Expressly, there is a noticeable weakening of the family’s older adults’ care function, especially in daily caregiving and emotional solace (35, 39). As a result, the level of intergenerational support provided by children is hypothesized to be a key determinant in shaping parental older adults’ care expectations (32). Therefore, this study posits the following hypotheses:


H1: The overall level of older adults’ care expectations is associated with the degree of intergenerational support provided by parents to their offspring.
H2: Financial and care expectations for older adults’ care are positively correlated with the level of financial support provided by the offspring.
H3: The higher the parental income, the lower their reliance on financial support for older adults’ care.
H4: Educational attainment, age, and marital status have moderating effects on the impact of intergenerational support on the process of shaping older adults’ care expectations.





3.2 Data source

The data used in this study is derived from the 2018 CHARLS, a panel dataset. The baseline survey of this dataset covers 28 provincial, 150 county-level, and 450 village-level administrative regions across China. Employing a multi-stage stratified probability proportional to size (PPS) random sampling strategy, the CHARLS survey selects individuals aged 45 and above from each household, collecting fundamental information from three generations: the individual, their parents, and their children. The CHARLS database collects over 10,000 questionnaires annually, containing information on intergenerational financial support, care, and social interactions, which helps to deeply analyze the relationship between intergenerational support and older adults’ care expectations. After matching and partitioning the original dataset, we construct a panel dataset. In the process of data preprocessing, we exclude parents without working children to account for their inability to provide financial support. This results in a final sample of 8,127 samples.



3.3 Binomial logit model and variable selection

This study employs a binomial logit model to elucidate the relationship between intergenerational support and older adults’ care expectations. The choice of this model is predicated on the binary nature of the dependent variable, which represents the choice of older adults regarding their method of older adults’ care, where [image: The equation "y equals 1" representing a horizontal line on a graph where the y-coordinate is always one.] signifies reliance on children, and [image: The image shows the mathematical expression \( y = 0 \).] signifies not relying on children. Compared to multinomial and ordered Logit regressions, the binary Logit regression model has a distinct advantage in dealing with binary dependent variables, focusing on predicting the probability that an observation belongs to a particular category and accurately estimating the effects of the independent variables that influence this probability. The independent variables [image: The lowercase letter "x" in a serif font.], which influence the choices made by the older adults, include intergenerational support, gender, age, education attainment, marital status, and so on. For each dependent variable [image: Mathematical expression showing the subscripted variable \( y_i \).], we consider it as a realization of the random variable [image: Mathematical expression of the capital letter "Y" with a subscript "i".]. [image: Mathematical notation displaying the letter Y with a subscript i.] takes the value of 1 with probability [image: Greek letter pi symbol, representing the mathematical constant approximately equal to 3.14159.] and 0 with probability [image: The mathematical expression 1 minus pi (π).]. The random variable [image: Mathematical notation showing an italicized uppercase "Y" with a subscript lowercase "i".] follows a (0–1) distribution with parameter [image: The Greek letter pi, symbolized as π.], and the probability mass function of [image: Mathematical notation showing the letter Y with a subscript i.] is given by:

[image: Probability mass function for a Bernoulli random variable: Pr of Y sub i equals y sub i equals π sub i raised to y sub i times one minus π sub i raised to one minus y sub i, where y sub i equals zero or one.]

We define odds (the ratio of the probability of an event happening to the probability of it not happening) based on probability π, where [image: Greek letter Omega with a subscript letter i.]=[image: The mathematical expression shows pi sub i divided by one minus pi sub i.]. By taking the logarithm of odds, we assume that the probability π undergoes a logit transformation, leading to a logistic regression model:

[image: Expression showing the formula for logit transformation: logit omega sub i equals ln omega sub i equals ln of pi sub i divided by one minus pi sub i.]

Measurement of Dependent Variables: Financial expectations (fin_exp) and care expectations (care_exp) of older adults’ care are measured based on responses to questions in the survey. The question “If you cannot work in the future, what do you think will be your main source of financial support?” measures financial expectations. The question “If you need care in your daily life, such as eating and dressing, do you have relatives or friends who can take care of you in the long term? What is their relationship to you?” measures care expectations (38). These are transformed into binary variables (0,1), where “1” represents dependence on their children, and “0” represents independence from their children.

Measurement of Core Explanatory Variables: Given that the interviewed older adults can largely take care of themselves, the independent variables include parental financial support (pa_money), grandchild-caring (pa_care), and offspring’s financial support (fin_support). The financial support from both parents and offspring in the past year is categorized into low (“1”), medium (“2”), and high (“3”) ordinal variables (42). Grandchild-caring is represented as a binary variable (0,1), where “1” indicates the presence of such care, and “0” indicates the absence of such care (23).

Measurement of Control Variables: Control variables are considered from both parental and offspring dimensions. Parental characteristics encompass gender (male), age (age), ethnicity (minority), educational attainment (education), marital status (marr), and parental income (pa_income). Offspring characteristics involve income levels (k_income). Gender, ethnicity, and parental income are categorical variables, while educational attainment, marital status, and children’s income levels are ordinal variables. Educational attainment is divided into four categories: “1” for junior high school and below, “2” for high school/technical school, “3” for junior college, and “4” for university and above. Marital status is divided into three categories: “1” for married with a spouse, “2” for divorced/widowed, and “3” for unmarried. Children’s income levels are divided into three categories: “1” for low, “2” for medium, and “3” for high.

Measurement of Moderation Variables: Based on previous literature (34), this study selects educational attainment, age, and marital status as moderation variables, generating interaction terms between educational attainment and parental financial support (interact1), age and offspring’s financial support (interact2), and marital status and offspring’s financial support (interact3). Including too many interaction terms in the model may lead to multicollinearity issues, increasing the risk of Type I errors (43), hence we selected these three interactions that have a research basis and higher statistical power.

The research framework diagram is shown in Figure 1 and the variable descriptions are shown in Table 1. All statistical analyses were performed using SPSS software and the significance level was set at p < 0.05 to determine statistical significance.

[image: Flowchart illustrating a model of intergenerational support. Parental and offspring characteristics include age, gender, ethnicity, marital status, educational attainment, parental income, and income levels. These influence intergenerational support, comprising parental financial support, grandchild-caring, and offspring's financial support. Control variables impact elderly care expectations, which lead to financial and care expectations. Interactions involve educational attainment, parental financial support, age, and marital status.]

FIGURE 1
 Research framework diagram.




TABLE 1 Variable descriptions.
[image: Table displaying statistical data for various variables, including Age, Male, Minority, Education, Marriage (Marr), Partner's Income (Pa_income), Partner's Money (Pa_money), Partner's Care (Pa_care), Income (K_income), Financial Support (Fin_support), Financial Expenditure (Fin_exp), and Care Expenditure (Care_exp). Each variable is associated with the number of observations, mean, standard deviation, minimum, median, and maximum values. For example, Age has a mean of 69.07, standard deviation of 7.107, minimum of 60, median of 67, and maximum of 118. Each variable has observations numbering 8,127.]



3.4 In-depth interviews

Research collects qualitative data through participant observation and open-ended individual case interviews to provide additional insights and explanations for the research question. The interviewees have been interviewed on the premise that they have read the informed consent form. This study has selected cases that are distinct and representative, enabling a more comprehensive understanding of the current state of older adults’ care in rural areas and uncovering older adults’ care needs and support challenges that might otherwise be overlooked. Open-ended interviews are structured to minimize barriers to understanding and expression for the older adults’ respondents and to elicit valuable information. Open-ended interviews offer a more genuine and palpable representation of older adults’ expectations regarding intergenerational care in rural areas at the micro-level. The study conducted open-ended interviews with three representative older adults residing in rural areas. Interviewee 1 is an 84-year-old widowed retired female teacher who has undergone coronary bypass surgery and is in relatively poor health. Interviewee 2 is a 59-year-old female farmer living with her son who has not purchased any form of older adults’ insurance. Interviewee 3 is a 72-year-old male farmer living alone, who receives a pension and survivor benefits.




4 Empirical results


4.1 Descriptive statistical analysis

Table 2 presents descriptive statistics of the current level of rural older adults’ financial older adults’ care expectations. It can be observed that 70.21% of the sampled rural older adults intend to rely on their children’s financial support for their future older adults’ care expenses, while 29.79% anticipate personal savings, pensions, retirement funds, and older adult care insurance or other means as their future financial sources. Overall, the majority of rural older adults still plan to rely on intergenerational financial support to finance their older adults’ care, indicating level of financial older adults’ care expectations.



TABLE 2 Financial sources of older adult care.
[image: Table showing financial sources of older adult care. For those not dependent on children: frequency is 2,421, percent is 29.79, cumulative percent is 29.79. For those dependent on children: frequency is 5,706, percent is 70.21, cumulative percent is 100. Total frequency is 8,127, with 100 percent in both categories.]

Table 3 provides the descriptive statistics of rural older adults’ older adults’ care expectations. The results demonstrate that 60.88% of rural older adults plan to rely on their children for caregiving, while 39.12% believe their spouses, other relatives, hired help, or nursing home staff can provide long-term care. Hence, at present, rural older adults’ care primarily depends on intergenerational caregiving by children, emphasizing the predominant role of offspring in older adults’ care choices.



TABLE 3 Care expectation of older adult care.
[image: Table showing care expectations of older adult care. "Not dependent on children" has a frequency of 3,179, representing 39.12 percent and a cumulative percentage of 39.12. "Dependent on children" has a frequency of 4,948, representing 60.88 percent, with a cumulative total of 100. Total frequency is 8,127 at 100 percent.]



4.2 Binomial logit regression models of intergenerational support and older adults’ care expectations

The dependent variables, namely, the financial older adults’ care expectations and the care expectations of older adults’ care, are both binary categorical variables. Therefore, this study constructs binomial logit regression models based on theoretical hypotheses to explore the relationship between intergenerational support and older adults’ care expectations. The models are divided into three groups. Among them, m1 and m2 individually assess the impact of control variables on financial expectations and care expectations of older adults’ care. Subsequently, m3 and m4 introduce independent variables into the previous baseline models. Finally, m5 and m6 employ interactions between independent and control variables to measure the moderating effect of parental characteristics on intergenerational support’s impact on older adults’ care expectations.

In the results of m1, it is found that, holding other conditions constant, parental educational attainment, marital status, wage income, and offspring’s income significantly influence financial older adults’ care expectations. Meanwhile, the results from m2 indicate that parental age, gender, marital status, wage income, and offspring’s income significantly affect care expectations of older adults’ care. Therefore, older adults’ care expectations are inevitably influenced by subjective factors among the older adults. Given the heterogeneity among rural older adults, an analysis of older adults’ care expectations should not only consider the overall demands but also account for variations in individual and family socio-economic status.

Model m3 builds upon m1 by including independent variables such as parental financial support (pa_money), grandchild-caring (pa_care), and offspring financial support (fin_support). The results reveal that offspring’s financial support significantly affects financial older adults’ care expectations. The relationship between the two factors is positive correlation. According to the expectations of filial piety, rural older adults often expect their children to be their financial source in old age. Hence, the more financial assistance provided by offspring, the higher the financial expectations of the parental generation. On the other hand, Model m4 added additional independent variables, such as parental financial support (pa_money), grandchild care (pa_care), and financial support for children (fin_support), building upon the Model m2. The results show that intergenerational support does not significantly influence care expectations of older adults’ care. In conjunction with existing literature, it is known that instrumental and emotional support provided by children may, under certain circumstances, serve as substitutes for intergenerational care. This is consistent with the findings of existing research (44).

Model m5, an extension of m3, introduces interaction effects between educational attainment and parental financial support (interact1), age and offspring financial support (interact2), and marital status and offspring financial support (interact3). The regression results indicate that educational attainment negatively moderates the impact of parental financial support on financial older adults’ care expectations, while age positively moderates the influence of offspring’s financial support on financial expectations. This suggests that older adults with higher levels of education have more options for their sources of financial support in old age and, therefore, have lower expectations of financial support from their children. The case of Interviewee 1, who has a relatively high level of education, also confirmed this point, stating that her income is sufficient to support herself and explicitly mentioned “There is no need for others to provide money for my old age.” Meanwhile, with increasing age, older adults, due to physiological factors, may have higher expectations of financial support from their children.

Model m6, an extension of m4, also includes the three aforementioned moderating variables. The results show that age negatively moderates the impact of offspring’s financial support on care expectations of older adults’ care, while marital status positively moderates the influence of offspring’s financial support on care expectations. This indicates that as age increases, the association between offspring’s financial support and care expectations weakens. In fact, older adults in advanced age may face a higher likelihood of lacking care and becoming marginalized in intergenerational relationships. Adult children, due to work commitments and life pressures, may only be able to meet some of the basic financial needs of the older adults. As Interviewee 1 (84 years old) mentioned, “There is a need for someone by my side,” but the children, due to work commitments, “lack the ability to take turns caring.” Furthermore, marital status is, to some extent, related to intergenerational relationship and, consequently, moderates the relationship between offspring’s financial support and intergenerational caregiving (45).

Combining the results of the above analyses, Hypothesis 1 remains unverified, requiring further in-depth research. Hypothesis 2 is partially confirmed, indicating that financial older adults’ care expectations are influenced by intergenerational financial support. The results from m3 and m4 reveal that parental wage income is inversely related to financial older adults’ care expectations but positively related to care expectation of older adults’ care, thus confirming Hypothesis 3. The inverse relationship between financial expectation and care expectation of older adults’ care suggests a complementary relationship between offspring’s financial support and caregiving. Educational attainment and age have moderating effects on intergenerational financial support and financial older adults’ care expectations, while marital status and age moderate offspring’s financial support and care expectations of older adults’ care, confirming Hypothesis 4.

The results of binomial logit regression models are shown in Table 4.



TABLE 4 Results of binomial logit regression models.
[image: A table displaying regression results across six models labeled m1 to m6, showing variables like Age, Male, Minority, Education, Marriage, and income types. Results are marked with significance levels: * for p<0.1, ** for p<0.05, and *** for p<0.01. Bold numbers indicate notable results. Columns for Fin_exp and Care_exp alternate, showing coefficients and their significance for each model. Observations and F statistics are provided for each model, totaling 8,127.]



4.3 Lack of care under adequate financial support

After revealing the statistical correlation between intergenerational support and older adults’ care expectations through quantitative analysis, this study further understands the specific contexts and motivations behind the results through in-depth interviews. The study conducted open-ended interviews with three representative older adults residing in rural areas. Interviewee 1 is an 84-year-old widowed retired female teacher who has undergone coronary bypass surgery and is in relatively poor health. Interviewee 2 is a 59-year-old female farmer living with her son who has not purchased any form of older adults’ insurance. Interviewee 3 is a 72-year-old male farmer living alone, who receives a pension and survivor benefits. All of them expressed that their retirement pensions or rural pension insurance were sufficient to cover their monthly living expenses. It is worth noting that when they referred to “pension insurance,” they were specifically referring to the rural New Rural Social Pension Insurance rather than commercial insurance. When asked if they had personally purchased pension insurance or had personal savings, interviewees two and three both responded, “Why would rural retirees need insurance? We have medical insurance in rural areas, and it costs a few hundred yuan per month.” Interviewee three added that pensions and pension insurance generally covered their regular expenses, but noted, “I can manage by myself for the most part. When it comes to medical expenses, the children help out.” This highlights that the social pension insurance system provides financial security for rural older adults to some extent. However, when confronted with substantial medical expenses, rural older adults still rely on their children for financial support.

In the backdrop of ongoing improvements in the rural social security system, the interviewees stated that they did not face financial difficulties but hoped that their children would provide care in the future. Interviewee one, as an older adults of advanced age, believed that “At present, if I do not work, there is nothing I can do, as I am physically incapable. I have back pain and discomfort in my body.” Being a widow, she lived with her son and hoped that he can spend more time accompanying and taking care of her. However, she also understood, “It’s difficult for the child as he has his own difficulties. He cannot say he’ll give up on making money for the sake of taking care of me. It’s impossible.” Throughout the interview, she emphasized the need for care from her child, but acknowledged that intense competition in society might limit the younger generation’s availability for taking care of the older adults. Due to her son’s busy work schedules, she had considered the idea of moving to a nursing home but ultimately decided against it, stating, “If you send me to a nursing home, my child will be scolded. If you have children and grandchildren, and you are sent to a nursing home, it’s a disgrace. Besides, the care in nursing homes is not good. Nursing homes are racing to the bottom. They do not respect or value the older adults. Thus, I decided to spend my old age at home.” The situation of Interviewee 1 indicates that even when the economic support provided by children is sufficient, the older adults still feel a lack of care. Economic support cannot fully substitute for emotional support and practical caregiving. These latter two needs, as higher-level requirements for the older adults, are in urgent need of being met during the process of social transformation and the improvement of rural older adults’ care services, as they directly impact the quality of life and well-being of the older adults. However, due to the constraints of filial piety on intergenerational older adult care behavior, coupled with the lack of effective oversight, poor nursing standards, and substandard living conditions in rural nursing homes, the older adults in rural areas generally have a lack of trust in social older adults’ care institutions. Even in the absence of family care, they are reluctant to choose to live in nursing homes, thus facing various uncertainties and health risks while relying on self-care.

Interviewee two adopted a relatively evasive stance on the subject of future care provided by their children, stating indirectly, “What will be will be.” Upon further probing, she indicated that she believed her son received the most significant financial and care supports from his parents, making it morally obligatory for him to care for her in her old age. This also validates the research finding mentioned earlier that “older adults’ care expectations are influenced by intergenerational economic support.” Interviewee three also commented, “We’ll see when the time comes. Can the kids avoid taking care of you?” It is clear that rural older adults still consider their children’s care as a matter of course, driven by a sense of ethical responsibility. Their actions concerning intergenerational support continue to follow the principles of reciprocal altruism. The support provided by their children in the future is viewed as a return on the investment in child-rearing within the bounds of their capabilities. However, their expectations regarding the care provided by their children remain relatively flexible, as they consider their children’s financial income, family situation, and work pressures based on emotional considerations. In light of interviewee one’s circumstances, these flexible expectations resulting from emotional tolerance might render some older adults unable to realize their care needs, potentially leading to the lack of care.



4.4 Intergenerational support and expectations in the “division without separation” relationship

In traditional forms of family-based older adults’ care, resources and caregiving support occur within the family, which is the primary caregiving space. However, the disintegration of extended families and the acceleration of population mobility have led to the common phenomenon of parents and children living separately, thus extending and diversifying the forms of family-based older adults’ care. This change not only reflects the direct conflict between traditional filial piety culture and modern lifestyles but also reveals the complex perspectives of the older adults regarding their own situations: they desire to maintain independence while also hoping to rely on the care provided by their children. As a result, their expectations and choices for older adults’ care become more flexible. Interviewee two, for example, indicated that her current living arrangement with her son primarily aims to take care of her grandchild, and she plans to return to her hometown as soon as the grandchild grows older. She questions, “Why would not I go back to my hometown? When the child grows up, why should I continue to live with them? What’s the point?” For her, living independently would be more comfortable if she did not need to care for her grandchild. Interviewee three expressed a similar sentiment and offered an explanation, “Because the children need their own space, and I do not want to interfere with their lives.” This indicates that the development of rural modernization has not only influenced the mindset of young people but has also led some older adults to seek individual independence and embrace the concept of personal privacy. The “division without separation” intergenerational relationship is seen as an ideal state for older adults, where caregiving by children can still occur even when they live independently.

Older adults interviewees, with the assurance of social pension insurance, primarily expect their children to provide daily care, especially when they are in poor health. Influenced by traditional ethical values, they hold higher expectations for long-term care from their sons and believe that daughters can provide temporary care if needed. If their children cannot provide daily care, the older adults’ view financial support as a compensatory form of filial piety, aligning with the findings of other scholars that there is a certain crowding-out effect between children’s financial support and caregiving. Once rural older adults receive financial support from their children, their opportunities for receiving daily caregiving from them tend to decrease.




5 Conclusion and discussion

This study, based on data from the 2018 CHARLS, employs binomial logit model and in-depth interview method to comprehensively analyze the impact of intergenerational support on rural older adults. The key findings of the regression models are in Table 5 and the study draws the following conclusions are as follows:



TABLE 5 Key results of binomial logit regression models.
[image: Table showing variables, coefficients, and significance levels for two models, Fin_exp and Care_exp. Key variables include Care_exp, Age, Male, Minority, Education, Marr, and financial interactions. Significant results are marked with p-values less than 0.01 or 0.05. Observations total 8,127 for both models.]

First, during the period of modernization and social transformation, changes in the form of family-based older adults’ care have occurred. However, the level of intergenerational financial support significantly affects the older adults’ financial expectations of older adults’ care. Regression analysis reveals that the higher the degree of financial support from offspring, the higher the financial expectations of older adults’ care for their parents. While rural pension insurance provides a degree of financial security for older adults, they still rely on their children for significant medical expenses.

Second, upward intergenerational support does not significantly affect the overall level and degree of caregiving expectations. Regression analysis indicates that parental financial support and grandchild-caring do not significantly impact the financial or care expectations. Based on the content of the interviews, a possible reason is that parents provide financial or care assistance to their children without expecting anything in return based on ethical principles.

Third, higher parental income reduces dependency on intergenerational financial support. Some older adults with higher educational attainment or in marital relationships may have advantages in savings and social security, leading to lower dependency on their children for financial support.

Fourth, educational attainment, marital status, and age have moderating effects on offspring’s financial support and care expectations. Educational attainment negatively moderates the impact of parental financial support on financial expectations, while age positively moderates offspring’s financial support on financial expectations. Conversely, age negatively moderates offspring’s financial support on care expectations, while marital status positively moderates offspring’s financial support on care expectations. Interviews revealed that rural older adults, influenced by the concept of filial piety, continue to rely on their children as their sole support when they are unable to care for themselves, even if the expected caregiving level may not be fully achievable. Under the constraints of traditional ethical values, rural older adults often choose not to opt for social care institutions. Moreover, they have flexible care expectations, driven by emotional understanding, which might lead to the lack of care.

The above findings on older adults’ care expectations have significant implications for improving the quality of older adults’ care and enhancing the rural older adults’ support system in China. Family-based intergenerational older adults’ care, as an informal form of social support, remains a crucial component of rural older adults’ support system in China. Despite the weakening role of family-based older adults’ care, a majority of rural older adults still rely on their children. In the formulation of older adults’ care policies, greater attention should be given to supporting family-based older adults’ care and constructing a family-centric older adults’ service participation system. With the goal of meeting the needs of family development, it is essential to rationally allocate resources with coordination and assistance from both communities and institutions. With a declining birthrate and an aging population, there is a significant gap in the human resources available for family-based older adults’ care. Additionally, it is possible to draw on the relevant experiences of other Asian countries, such as Japan’s long-term care insurance system and the day care centers, short-term care centers, and home care worker dispatch centers that South Korea is progressively establishing (46), in order to meet the development needs of families and to allocate resources reasonably with the coordinated assistance of communities and institutions.

In modern society that values individual achievement and competition, due to the time constraints imposed by work and personal lives, adult children may find it challenging to promptly meet the daily needs of older adults in rural areas (47). Local governments can take the following measures: First, to promote cohabitation or proximity of children to their parents through economic compensation, tax reductions, and other incentives, with specific support measures to be detailed in real estate tax policies, land supply, housing policies, cross-province medical insurance policies, and the pricing of electricity, water, and gas, thereby reducing the overall costs for children to care for the older adults and facilitating family-based older adults’ care. Second, diverse older adults’ care models should be developed according to different family situations, such as “mutual aid older adults’ care” and “home-based older adults’ care,” to alleviate the social pressure of intergenerational support. Local governments can fully mobilize social forces by purchasing services, providing training, and financial support, encouraging social organizations and volunteers to provide spiritual comfort and daily care for the older adults without children to care for them. Third, the government should ensure the provision of basic older adults’ care services, improve the older adults’ care institution service system, and ensure that the older adults who are economically disadvantaged, disabled, or of advanced age can receive necessary living care and medical nursing services. A specific list of service items can be established, including basic living care, health monitoring, emergency rescue, etc., and differentiated services can be provided according to the different needs of the older adults.

Due to constraints such as time, energy, and research funding, this study has limitations.

(1) The sample size of individual case interviews is small, and the coverage is narrow. The quantitative analysis utilized the CHARLS dataset, which surveyed 28 provincial-level administrative regions in China, but did not cover remote areas such as Xizang and Ningxia, and had a relatively small sample of older adults over 80 years old. This may result in a certain selection bias in the sample, making it difficult to accurately reflect the older adults’ care needs and expectations of the oldest old. Future research can further conduct theoretical analysis and practical testing based on the conclusions of this study. (2) Given the cross-sectional nature of the data, we can only discuss a correlational relationship. Further research is required for a more in-depth discussion on specific mechanisms. (3) Given the uniqueness of the independent variables (such as intergenerational support, including parental and children’s financial support) and dependent variables (such as financial older adults’ care expectations and care expectations of older adults’ care) in this study, it is challenging to find suitable alternative variables. Therefore, we have not conducted robustness analysis, which remains an area for future research. Future studies can further explore these issues, while also integrating in-depth interviews to examine the impacts of different regional filial piety cultural differences on the older adults’ care expectations, and the role of community support systems in supplementing family older adult care. These investigations can contribute to a more comprehensive understanding of the complexity surrounding older adult care in rural China.
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Background: Between 2020 and 2022, the COVID-19 pandemic spread globally, and the implementation of preventive measures led to reduced outdoor activities for older adults, resulting in a decline in social functioning. This study aims to improve community-based health interventions tailored to older adults experiencing physical and psychological declines following the COVID-19 pandemic.
Methods: This study utilized previous data mining results to estimate the demand for community health services for older adults. It involves collecting questionnaire responses to understand the basic characteristics and lifestyle behaviors of older adults. The severity of health issues among older adults was assessed using the KCL and GHQ-12 scales. Statistical analyses included descriptive statistics, chi-square tests, t-tests, ANOVA, non-parametric tests as applicable, and stratified binary logistic regression to determine the factors influencing the health status of older adults.
Results: Over 60% of the older adult population suffers from chronic diseases, and more than 70% do not participate in social activities. In the overall older adults, the detection rate for poor health is 15.60%. Chronic illness, reduced ability to perform daily activities, anxiety, poor self-rated health, sleep disturbances, and nutritional imbalance were identified as key risk factors affecting the health of older adults in the community.
Conclusion: Older adults mainly engage in physical exercise, maintain a healthy lifestyle, and control their diet as self-care strategies. Early signs of frailty are characterized by declines in lower limb muscle function and memory. The most common manifestation of poor health among older adults is anxiety.
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Background

Data from the seventh national population census of China showed that by the end of 2020, the population aged 65 and older accounted for 13.50% of the total population, an increase of 4.63% from 10 years ago (1). A significant proportion of the older adult population suffers from chronic diseases, cognitive decline, and mental health problems, which subsequently lead to increased social challenges (2, 3). Among these issues, frailty is a matter of particular concern (4). Multiple large prospective cohort studies have demonstrated a clear association between frailty and adverse outcomes, including those focusing on community-dwelling older adults, which identified the worst outcomes among the frailest individuals (5, 6). Frailty is a dynamic process, and its progression often results in worsening disability, increased risks of falls, hospitalization, and mortality. These findings underscore the importance of addressing frailty and the necessity for early intervention measures in the older adult population (7).

To effectively address the health challenges of older adults, “healthy aging” is viewed as a key goal for improving their quality of life. Healthy aging involves creating a supportive social environment, preventing disease, maintaining physical and mental functions, and slowing the decline in physiological, psychological, and social capacities. Through comprehensive intervention measures, healthy aging can help older adults maintain a higher quality of life. However, the global COVID-19 pandemic from 2020 to 2022 and its associated control measures restricted outdoor activities and social opportunities for older adults, leading to a decline in their physical mobility and significant psychological stress. A reduction in social activities can exacerbate loneliness and anxiety among older adults, further diminishing their social functioning.

This research was conducted to effectively implement community-based health interventions for older adults. Liaoning Province has the highest aging rate in China, with 17.42% of its population aged 65 and older (8). This study focuses on older adults living in Dalian communities, Liaoning Province. Through questionnaire surveys, it aims to gain an in-depth understanding of the physical frailty and mental health of independently living older adults. Additionally, the research analyzes key factors affecting frailty and mental health. Considering local community-based health management policies, this study provides insights for developing effective health intervention strategies and management measures.



Methods

The participants in this study were from seven communities in Dalian. The study was conducted in two phases, with recruitment taking place in 2020 and 2022. With the assistance of community health service centers, we used a convenience sampling method to select older adults who met the inclusion criteria. The primary objective of this study was to establish early interventions for the health capabilities of older adults, focusing on those capable of basic self-care. All participants provided written informed consent before participating in the study.

Based on existing literature and estimates of frailty and mental health issues among older adults in the community, we used G*Power software to calculate the sample size. The study’s statistical power was set at 0.80 with a significance level of 0.05. The minimum required sample size was 1,200 participants to ensure statistical significance. Ultimately, we recruited 1,362 older adults and collected 1,322 valid questionnaires, resulting in an effective response rate of 97.1%. This study used paper questionnaires for data collection. Community health workers distributed paper questionnaires to older adults and assisted them in completing the forms.

After collection, all paper questionnaires were double-entered into a secure database by trained personnel to minimize errors. Quality control measures included checking for missing or inconsistent data, and verifying discrepancies with participants when possible.

All research staff involved in data collection received specialized training in data collection, ethical standards, and the use of questionnaire tools. Research assistants had a background in public health and were experienced in working with older adults. The lead researchers possessed extensive experience in community health research and intervention practices.

Inclusion Criteria: (1) Community residents aged 60 years and older, who are basically self-reliant in their daily lives, and have lived in the survey area for 1 year or more. (2) Individuals capable of normal language communication. (3) Informed consent and voluntary participation in this research.

Exclusion Criteria: (1) Older adults with disabilities, severe illnesses, or mental disorders who are unable to complete the survey. (2) Individuals or their family members who are unwilling to cooperate.

This study utilizes prior data mining analyses to estimate the community health service demands of older adults. Information on the basic characteristics and lifestyle behaviors of older adults is gathered through questionnaires. Scale scores were analyzed to assess the severity of health issues across various dimensions. Finally, statistical methods are applied to identify factors influencing the health of older adults.


Statistical analysis

Statistical analysis was conducted using SPSS 24.0. Initially, basic descriptive analysis was performed. Normality tests were conducted for both categorical and continuous data, followed by chi-square tests for categorical variables where appropriate. For normally distributed data, t-tests, analysis of variance (ANOVA), and Pearson correlation tests were used. For non-normally distributed data, non-parametric tests were applied.

In a multi-factor analysis, as the dependent variable was binary categorical data, we employed stratified binary logistic regression with a significance level of α = 0.05 for hypothesis testing to investigate the factors influencing the health status of older adults.



The selection of the scale

The assessment of older adults was conducted using the KCL (Katz Comorbidity List) scale, which is utilized to identify early signs of frailty and care requirements among older adults, thereby facilitating the provision of appropriate care services (9, 10). This scale comprises 25 items covering social activities, physical functioning, cognitive function, depressive emotions, and activities of daily living. It provides a comprehensive evaluation of older adults’ physical functioning, with two response options for each item: 0 for the ability to complete and 1 for the inability to complete. Frailty criteria include: a score of ≥10 on items 1–20, a score of 2 on items 11–12, a score of ≥3 on items 6–10, or a score of ≥2 on items 13–15. Meeting any of these criteria classifies an individual as frail; otherwise, they are classified as non-frail.

In this study, the total Cronbach’s α coefficient for the frailty scale was 0.916, indicating high reliability. Exploratory factor analysis yielded significant results (p = 0.000), with a Kaiser–Meyer–Olkin (KMO) measure of 0.931 and factor loadings above 0.4 for all dimensions, demonstrating that the scale has a robust structure and strong validity.

The assessment of psychological wellbeing was conducted using the General Health Questionnaire-12 (GHQ-12). This questionnaire, developed by David Goldberg in 1972 (11), is widely used for screening the psychological health of community populations and has received validation from various sources for its reliability and validity (12, 13). The GHQ-12 consists of 12 items, with four response options for each item. Scoring is done using a binary method (0-0-1-1), which means that for each item, selecting the first two response options scores 0, while choosing the last two response options scores 1. The final questionnaire score falls between 0 and 12, with higher scores indicating more severe psychological health issues.

Following the scoring standards of the World Health Organization, in this study, a cut-off value of 3 points was used. A total score of ≥3 indicates poor mental health in an individual, while a total score of <3 indicates psychological health.

In this study, the health status of older adults is comprised of two dimensions: physical frailty and psychological health, measured using the KCL frailty scale and the GHQ-12 questionnaire, respectively. Scores for both measures were standardized in the same direction, and both indicators are binary variables. They were combined to create a new variable called ‘comprehensive older adults health,’ with scores ranging from 0 to 2, where higher scores indicate poorer health. For reclassification, scores of ≥1 were categorized as ‘unhealthy’ (coded as 1), while scores <1 were categorized as ‘healthy’ (coded as 0).




Results

Table 1 presents the basic demographic profile of community-dwelling older adults. The majority are female (56.7%) with an average age of 67.6 years. Over half have a normal weight (58.2%) and a monthly income above 3,000 yuan (71.5%). Most are married (84.0%) and live with others (86.0%). More than half have an education level of junior high school or below (60.8%). Nearly all older adults (97.1%) have spouses or children as caregivers. The vast majority are capable of self-care (96.0%) and do not experience anxiety (95.1%). Over 60% have chronic diseases (67.6%), and more than half rate their health as good (55.1%).



TABLE 1 Basic characteristics of participants [n (%)].
[image: Table showing demographic and health-related statistics. Variables include sex, age, BMI, marital status, living situation, income, education level, caregiver types, self-help ability, anxiety, and chronic disease presence. Men represent 43.3% and women 56.7%. Ages are categorized into 60-69 (68.9%), 70-79 (27.6%), and ≥80 (3.5%). Most have a BMI of 18.5-24.0 (58.2%). Majority are married (84%), not living alone (86%), and earning over 3,000 yuan (71.5%). Education levels show 60.8% with junior high or below. Most receive care from spouses or children (97.1%) and manage self-help completely (96%). 95.1% report no anxiety and 67.6% have a chronic disease.]

The three most prevalent chronic diseases are hypertension (48.63%), diabetes (24.43%), and coronary heart disease (6.79%). When categorized by gender, prevalence rates are as follows: hypertension (males 48.91%, females 48.39%), diabetes (males 25.96%, females 23.14%), and coronary heart disease (males 7.20%, females 6.45%).

The top three health maintenance methods are physical exercise (52.79%), maintaining a healthy lifestyle (18.59%), and controlling diet (13.99%).

A majority of older adults do not participate in social activities (76.0%), with only a small proportion frequently engaging in them (8.4%). Most undergo annual medical check-ups (68.1%), while a minority have never done so (6.7%).

In general, the most prevalent unhealthy lifestyle behaviors, ranked from highest to lowest, are poor sleep quality (88.4%), lack of attention to nutritional balance (32.3%), lack of personal interests (26.0%), lack of physical exercise (25.0%), smoking (15.9%), alcohol consumption (15.1%), and skipping breakfast (9.2%).

Gender analysis reveals that a higher proportion of females do not engage in physical exercise (27.3%) compared to males (22.0%) (p < 0.05). Males exhibit significantly higher rates of smoking (34.3%) and alcohol consumption (32.2%) compared to females (1.9 and 2.1%, respectively) (p < 0.001). No statistically significant differences between genders were observed for the other four indicators, as shown in Table 2.



TABLE 2 Basic living behaviors of older adults people in different gender communities [n (%)].
[image: Table showing life behavior statistics for males and females, including smoking, drinking, movement, breakfast habits, sleep quality, personal interests, and nutritive equilibrium. Percentages and Chi-square values are provided for each category.]

The psychological wellbeing of older adults in Dalian’s community was assessed using the General Health Questionnaire (GHQ-12). The proportion of psychologically unhealthy older adults was 2.87% (38/1322). According to the Frailty KCL scale, the prevalence of frailty among community-dwelling older adults was 3.10% (41/1,322). Early signs of frailty primarily manifested as declines in lower limb muscle function and memory, with declines in physical and cognitive function being relatively common.

The total score for older residents in the community was 349 points. Regarding psychological health, the severity of issues from highest to lowest was: anxiety > impaired social functioning > loss of self-confidence. For frailty, the 25 items were categorized into seven major dimensions reflecting physical, psychological, mental, and social activities. The severity of frailty from highest to lowest in each dimension was: activities of daily living > physical function > cognitive function > nutritional status > oral cavity function > social activities > depressive emotions, as shown in Table 3.



TABLE 3 Scores in various dimensions of psychological wellbeing and frailty status among older adults (n).
[image: Table displaying various dimensions and subclauses related to psychological well-being and frailty status, with scores for each. Categories include Anxious, Impaired social functioning, Loss of confidence, Activities of daily living, Physical function, Cognitive function, Nutritional status, Oral cavity function, Social activities, and Depressive emotions. Scores are presented alongside dimension total and average scores. Additional explanation states that the average score of a dimension is the division of the dimension’s total score by the number of items within the dimension.]

In the overall population of older adults, the detection rate for overall health was 84.40%, while the rate for unhealthy individuals was 15.60%.

Based on the health ecology model and guided by literature review findings, independent variables were selected. Factors related to living and working conditions and policy aspects were challenging to identify, so theoretical model frameworks were used to analyze these factors. The evaluation of older adults’ health focused on three levels: personal characteristics, lifestyle behaviors, and social networks. Personal characteristics included gender, age group, BMI, monthly income, educational level, chronic diseases, self-care ability, anxiety, and self-rated health. Lifestyle behaviors included smoking, alcohol consumption, exercise, personal interests, sleep, regular breakfast consumption, and nutritional balance. Social network factors included marital status, living situation, and caregiver type. Each categorical variable was transformed into dummy variables, with one category serving as the reference (the first category for each variable).

Chi-square analysis was conducted using the comprehensive health assessment results as the dependent variable. Since most variables were categorical, with a few continuous variables converted into categories, the Chi-square test was employed, as shown in Table 4, which presents the factors related to the health of older adults.



TABLE 4 Analysis of factors affecting health in older adults.
[image: Table displaying relationships between administrative levels and variables. Under "Individual trait": Monthly income 12.14**, Degree of education 5.28*, Chronic disease 15.62**, Take care of yourself 31.87**, Anxious 67.63**, Health self-evaluation 29.90**. Under "Life behavior": Movement 17.10**, Personal interest 3.90*, Sleep 16.46**, Eat breakfast on time 10.06**, Nutritive equilibrium 30.54**. Significance levels: *p<0.05, **p<0.001.]

Using the comprehensive health assessment results for older adults (0 = healthy, 1 = unhealthy) as the dependent variable, significant variables from the correlation analysis were chosen as independent variables. Based on the health ecology model, variables related to the health status of community-dwelling older adults were gradually included in a stratified regression analysis. Monthly income, chronic diseases, self-care ability, anxiety, self-rated health, and other personal traits were included as the first layer of independent variables in the initial regression. In the second step, lifestyle behaviors such as smoking, alcohol consumption, exercise, sleep, and breakfast were added as the second layer to examine the factors influencing health.

Binary logistic regression was conducted with a significance level of α = 0.05. The data met the requirements for constructing a binary logistic regression model, with no multicollinearity observed (all variance inflation factors (VIF) < 10). Therefore, the data were deemed suitable for building the stratified model.

The multivariate analysis results are presented in Table 5. Hosmer–Lemeshow test p-values were all greater than 0.1, indicating a good model fit. By analyzing the R2 values for each layer, it was possible to infer the impact of each independent variable. When variables from personal traits and lifestyle behaviors were sequentially added, R2 values were statistically significant. Model II showed a better fit compared to Model I and was analyzed further.



TABLE 5 Binary stratified logistic regression for health in community older adults.
[image: Table showing odds ratios (OR) and confidence intervals (CI) for two models examining individual traits and life behaviors. Chronic disease, anxiety, and self-rated health have significant ORs across models. Model I and Model II report respective values: Chronic disease ORs are 2.777 and 2.629; anxiety ORs are 4.758 and 4.377. The Hosmer–Lemeshow test results include Chi-square values: Model I is 2.103 and Model II is 7.788. Significance levels are noted: *p<0.05, **p<0.01, ***p<0.001.]

Older adults with chronic diseases had a 2.629 times higher risk of being unhealthy compared to those without chronic diseases. Those with difficulties in self-care had a 3.807 times higher risk, and those with anxiety had a 4.377 times higher risk. Poor self-rated health was associated with a 1.912 times higher risk, poor sleep quality with a 1.99 times higher risk, and nutritional imbalances with a 1.183 times higher risk.

The regression results indicate that chronic diseases, self-care ability, anxiety, self-rated health, sleep, and nutritional balance are significant factors affecting the health of community-dwelling older adults. Chronic diseases, inability to manage self-care, anxiety, poor self-rated health, poor sleep quality, and nutritional imbalance are all risk factors for poor health in this population.

The community under investigation is managed by community health service organizations responsible for older adults’ health management. The provided services align with the “National Basic Public Health Service Standards (Third Edition)” and primarily include health check-ups, health record establishment, and health education. Community health organizations offer annual check-ups for individuals aged 65 and above, which include routine physical examinations and auxiliary tests. Physical examinations cover height, weight, and blood pressure, while auxiliary tests include electrocardiograms, ultrasounds, and blood tests. Community doctors provide lifestyle and medication guidance to older adults with abnormal results through interviews and examination reports and compile the collected information to establish health records.

Health education for older adults involves inviting experts from tertiary hospitals to conduct regular health lectures and clinics at the grassroots level. Residents receive health booklets and watch health promotion videos as part of these activities. The mode of health management services remains traditional, with older adults visiting community health centers independently to receive care.



Discussion

This study examines the physical and mental health status and influencing factors of older adults living in communities in Dalian, Northeast China. Using cross-sectional data, it assesses the prevalence of chronic diseases, frailty, and psychological issues such as anxiety, while identifying key risk factors affecting their health.

The survey results indicate that in Dalian, 3.10% of older adults are either in the early stages of frailty or have already exhibited signs of frailty. A longitudinal cohort study showed that the age-adjusted prevalence of frailty among community-dwelling older adults ranged from 2.3% in the southeast and northeast to 9.1% in the northwest (14). The average scores for various dimensions of frailty reveal that the decline in daily life activities and physical functions is the most severe among older adults. Both stages of the survey identified that early signs of frailty in older adults primarily manifest in the decline of muscle function in the lower limbs and a reduction in the frequency of social outings. This finding aligns with research conducted by Cooper (15). The results indicated an increased likelihood of muscle weakness (difficulty climbing stairs) among older adults. Those who used community health services to enhance physical activity before the pandemic may have reduced their exercise during the pandemic due to control measures (16). These measures also led to a decrease in social interaction among relatively healthy older adults, which increased the risk of physical frailty. The decrease in outings not only brings the risk of reduced lower limb skeletal muscle leading to disability but also lowers social engagement, thereby posing a risk of older adults depression (17–19). In the post-pandemic era, older adults should gradually increase their outings if capable. Communities should engage in effective outreach and organize activities specifically designed to improve lower limb function, thereby encouraging more frequent outings among older adults.

The proportion of older adults in Dalian experiencing psychological distress is 2.87%. Results across different dimensions of psychological wellbeing indicate that anxiety and impaired social functioning are the most severe issues among older adults. Psychological distress in older adults primarily manifests as mental stress and concerns that lead to insomnia. Relevant research has shown that during the pandemic, anxiety and depression were common psychological problems, likely associated with pandemic control measures (20). The reduced frequency of social outings among older adults, as mentioned earlier, may have contributed to these results. Older adults with lower social interaction are at higher risk of experiencing anxiety (21). Older adults are encouraged to engage in social activities and group events, which can help reduce the risk of psychological distress.

The regression results indicate that chronic illnesses, self-care ability, anxiety, self-assessment of health, sleep, and nutritional balance are significant factors influencing the health of older adults in the community. This is in concordance with relevant studies (22). Notably, comorbidity of chronic illnesses in older adults leads to various severe lifelong physical symptoms (23), impacting anxiety and depression among community-dwelling older adults. Additionally, it has a pronounced effect on both their physical and psychological health. Other personal characteristics among older adults directly reflect their physical and psychological health status, thus exerting an influence on their overall wellbeing.

Sleep quality significantly affects the physical and psychological health of older adults and is closely linked to frailty (24). This relationship is exacerbated when older adults spend prolonged periods at home, leading to disrupted and fragmented daytime sleep. Research indicates that improving sleep quality is an effective strategy for preventing and delaying frailty. In the post-pandemic era, reducing daytime home confinement is advisable for older adults. This can be achieved by enhancing lower limb function through exercise and minimizing fragmented daytime sleep to slow frailty progression.

The physical and mental health challenges faced by older adults during the pandemic varied between China and other countries. The prevalence of chronic diseases, especially hypertension and diabetes, is high among older adults in China (25). These chronic diseases significantly impact the quality of life and self-care abilities of older adults, heightening their anxiety and vulnerability. In China, pandemic prevention measures reduced social activities and outings for older adults, resulting in declines in physical function and increased psychological stress. In contrast, older adults in some other countries maintained social contact through social media and digital health services (26). Regional and cultural differences must be considered when developing health management strategies for older adults. Community health interventions in China should prioritize improving chronic disease management and promoting social engagement among older adults to better meet their needs.

This study holds significant practical implications for community health management. The results indicate the need for targeted interventions, focusing on increasing physical activities, promoting social interaction, and managing chronic diseases among older adults. Community-based programs that promote exercise, improve nutrition, and alleviate anxiety can help reduce frailty and psychological distress in older adults. The findings can serve as a reference for policymakers, helping them adjust the provision of health services based on the specific needs of older adults.

Implementing specific community-based interventions, such as mental health support programs, nutritional education, and social and physical activities, can mitigate health risk factors like anxiety and nutritional imbalance among older adults. Communities can organize regular mental health lectures and support groups to help older adults manage emotions and reduce feelings of loneliness; promote nutritional awareness by offering personalized dietary guidance to ensure adequate nutrient intake; and provide tailored recreational and exercise programs that increase physical activity levels and social engagement. These interventions provide practical guidance for fostering healthy aging and enhancing the overall wellbeing of older adults within the community.

Future research should investigate the long-term impact of the COVID-19 pandemic on both the physical and mental health of older adults. Additionally, the role of digital health interventions, such as remote monitoring and telehealth services, in supporting older adults’ health warrants further investigation. More comprehensive randomized studies are needed to confirm these findings and to evaluate the effectiveness of targeted community health interventions in improving the health of older adults. Furthermore, researchers should consider cross-regional comparisons of health outcomes to identify best practices for older adult care.



Conclusion

This study highlights the physical and mental health status of older adults in Dalian, Northeast China, identifying chronic diseases, frailty, and anxiety as prevalent issues. Among chronic diseases, hypertension, diabetes, and coronary heart disease are the most common. Older adults primarily choose physical exercise, maintaining a healthy lifestyle, and dietary control as self-care strategies. Early signs of frailty are mainly characterized by declines in lower limb muscle function and memory. Anxiety is also a common indicator of poor health in this population. Key risk factors for older adults’ health include chronic diseases, impaired ability to perform daily activities, anxiety, poor self-rated health, sleep disturbances, and nutritional imbalance. The findings suggest that targeted community interventions focusing on physical activity, social engagement, and chronic disease management are essential to improving the health and wellbeing of older adults. These insights provide valuable guidance for policymakers and healthcare providers to tailor health services to meet the specific needs of this population.


Strengths

This study adopts an early health intervention perspective and establishes a research framework based on the Health Ecology model and community health intervention theories. Field investigations and questionnaire surveys were conducted over 2 years to analyze the health status and influencing factors of the older adult population in Dalian. Data analysis provided insights into the current state of community health management for older adults. The methodology is advanced, reliable, and grounded in well-established theory.



Limitations

This study was conducted from 2020 to 2022. Due to the COVID-19 pandemic, conducting door-to-door surveys and data collection was challenging, making random sampling impractical. Instead, questionnaires were distributed and data were collected by community healthcare personnel using a convenience sampling method. This approach, while practical under the circumstances, may affect the representativeness of the sample, limiting the generalizability of the results. The data are considered authentic and reliable, reflecting the health status of older adults in the study area.

However, the study has several limitations. First, convenience sampling may result in a lack of sample representativeness. Second, data collection during the pandemic, coupled with control measures, may have temporarily impacted older adults’ health. Third, the cross-sectional design prevents establishing causal relationships; thus, future studies should adopt longitudinal approaches. Additionally, self-reported data are prone to recall and social desirability biases; combining objective health assessments is recommended to improve reliability. Finally, the assessment tools may not fully capture the overall health status of older adults, and future research should consider multidimensional evaluations.
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Background: As population migration increases and the aging process accelerates, the number of migrant older adults is growing significantly. This trend presents a substantial challenge to urban health services in regions experiencing an influx of older adults individuals. Consequently, examining the healthcare service utilization of the migrant older adults population is crucial to promote healthy aging.
Methods: A multi-stage random sampling method was employed to select a study population of 568 migrant older adults individuals, aged 60 years and above, residing in urban Xuzhou City. Multivariate logistic regression analysis, based on Anderson’s model, was conducted to explore the factors influencing outpatient and inpatient health service utilization among this population.
Results: Among the 568 migrants, 73 (12.9%) had received outpatient services within the past 2 weeks, while 109 (19.2%) had received inpatient services within the past year. Migrant older adults with education level, time to health centers, and self-assessed health status negatively influenced the outpatient services utilization among migrant older adults. Possession of pension insurance, convenience to visit, sick for the past 2 weeks, and health services need positively influenced the outpatient services utilization among migrant older adults. Furthermore, age, possession of pension insurance and health insurance, convenience to visit, number of chronic diseases, sick for the past 2 weeks, and healthcare service need positively influenced inpatient service utilization among migrant older adults. Education level, self-assessed health status, and time to health centers negatively influenced the inpatient services utilization among migrant older adults.
Conclusion: The overall utilization of healthcare services by migrant older adults in Xuzhou remains inadequate. Addressing this issue requires enhanced medical policy support and assistance, stronger health education initiatives, and improved social integration for the older adults. Additionally, efforts should be made to reduce their financial burdens and improve the accessibility of healthcare services.
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1 Introduction

Health service utilization refers to the actual volume of healthcare services accessed by individuals, serving as a direct measure of the effectiveness and efficiency of delivering comprehensive care for the overall wellbeing of a population (1). The utilization of healthcare services is closely tied to the physical and mental health of migrants, often manifested in their behaviors related to outpatient or inpatient care when faced with discomfort, injuries, or physiological issues (2, 3). As a common metric, health service utilization reflects the societal and economic benefits of healthcare services and indicates the impact of these services on population health outcomes (4, 5). The provision of healthcare services in China is a complex system with multiple levels and channels, with the government taking the lead and medical institutions (including public hospitals, private hospitals and community health service organizations) as the mainstay in providing outpatient and inpatient services. Patients undertake the costs of health service utilization through individual payments, health insurance, and commercial insurance. And the term “underutilization of health services” describes a scenario where individuals or groups fail to make adequate or timely use of available health resources when needed, often resulting in a lack of access to preventive, diagnostic, therapeutic, or rehabilitative services aligned with their health needs.

China, in the past few decades, has experienced a unique challenge related to its internal migrant population due to rapid urbanization. The most commonly accepted definition of this population is from the Census 2000, which describes migrants as individuals residing in a new location for at least 1 year without local household registration. And China’s migrant population reached 376 million, accounting for approximately 26.7% of the total population, and continues to grow (6). Internal migrants often face barriers to accessing healthcare services in their new locations, such as unfamiliarity with local healthcare organizations, service delivery processes, and health insurance policies. Additionally, low health literacy, often due to limited education or language barriers, further complicates their ability to seek timely medical care, exacerbating health risks. As both population migration and the aging process accelerate, there has been a noticeable increase in both the size and proportion of older adults individuals within the migrant population (7, 8). The health challenges of this demographic pose significant pressure on urban management and public health services in regions experiencing an influx of older adults migrants (9). Moreover, addressing the health needs of this growing group is crucial for promoting equitable access to basic public services in urban areas (10). Therefore, it is vital to investigate the healthcare service utilization of migrant older adults to ensure the continued stability and development of urban healthcare services.

A significant portion of China’s internal migrants come from rural areas, and many, including the older adults, migrate to cities for work. These individuals often live-in poor conditions, with low levels of personal and family income, and their financial situation remains bleak. Migrant older adults populations face changes in their economic circumstances, living environments, and social roles (11, 12), and are often considered a vulnerable subgroup within the broader migrant community. They encounter numerous barriers in accessing essential healthcare services (13). Existing studies on healthcare service utilization among migrant older adults primarily rely on national data concerning health insurance, basic public health services, health education, and service satisfaction (14–17), etc. However, much of this research focuses on individual characteristics that are difficult to change, lacks systematic analysis, and often lacks strong theoretical foundations (18–20).

The Anderson model, first proposed by American scholar Ronald M. Andersen in 1968, is a widely used theoretical framework for understanding the factors influencing healthcare service utilization. The model helps researchers grasp the complex mechanisms affecting healthcare access and utilization and provides a basis for designing interventions aimed at improving the accessibility and equity of health services. Anderson’s model incorporates both societal and individual determinants in its analysis. According to the model, health service utilization—whether outpatient or inpatient—is influenced by three key components: predisposing traits, enabling resources, and need factors (PEN) (20). Predisposition traits include factors that exist before an individual seeks healthcare, which can influence a person’s tendency to utilize health services. Enabling resources refer to the conditions that facilitate or hinder access to healthcare, such as income, health insurance coverage, and geographic accessibility to healthcare facilities. Need factors reflect an individual’s health status and their perceived or actual need for healthcare services (21–23). Given its well-established theoretical foundation, Anderson’s model provides a robust framework for analyzing the factors affecting health service utilization, making it particularly useful for examining the healthcare behaviors of migrant older adults.

Xuzhou City, located at the intersection of Jiangsu, Shandong, Anhui, and Henan provinces, has a significant migrant population, including a growing and aging older adults demographic. As of the end of 2022, Xuzhou’s migrant population stood at approximately 1.33 million, with 19.8% aged 60 or older (24). This study aims to assess the current utilization of outpatient and inpatient healthcare services among the migrant older adults population in Xuzhou and to explore the factors influencing this utilization.



2 Materials and methods


2.1 Study design and participants

A multi-stage random sampling method was employed to select participants from the urban area of Xuzhou between October 2020 and May 2021, focusing on migrant older adults aged 60 years and above. In the first stage, 10 communities were randomly selected from each of the five administrative districts of Xuzhou: Tongshan District, Yunlong District, Gulou District, Quanshan District, and Jiawang District. In the second stage, 12 households were randomly chosen within each community. Finally, in the third stage, one migrant older adults individual was randomly selected from each household to participate in the offline questionnaire survey. A total of 600 questionnaires were distributed, of which 568 were deemed valid after careful scrutiny, yielding an effective response rate of 94.7%.

Inclusion criteria for participants were: migrant older adults aged 60 years and older, who had lived in the local area for at least 1 month, held foreign household registration, and provided informed consent to participate in the survey. Exclusion criteria included individuals in poor health, those with cognitive impairments, and those who were unwilling or unable to complete the questionnaire.



2.2 Measurements

According to the definition in social medicine and health management textbooks, outpatient service utilization was assessed by determining whether the respondent had used outpatient services at a health center in the past 2 weeks. Inpatient service utilization was measured by whether the respondent had been hospitalized in the past year. Data were collected through face-to-face questionnaires. Additionally, awareness of and needs for health services were measured across 11 categories, including physical examinations, auxiliary examinations, chronic disease management, health education, interpretation of physical examination results, health guidance, follow-up, and review etc. Both health service awareness and needs were scored on a binary scale (Yes = 1, No = 0), with total scores ranging from 0 to 11.



2.3 Variables based on Anderson’s model

The questionnaire was developed following Anderson’s Behavioral Model of Health Service Utilization and through a series of pre-surveys and team discussions. It included three main sections: (1) The first section was predisposition traits, mainly include gender, age, education level, marital status, children quantity, flow range and flow time among participants. (2) The second section was enabling resources, mainly include personal monthly income, pension insurance, access to healthcare services including health insurance availability and time to health centers. (3) The third section was need factors, mainly include self-assessed health status, the number of chronic diseases, sick for the past 2 weeks, their health services awareness, and their health needs.



2.4 Statistical analysis

Descriptive statistics were used to calculate the number and percentage of categorical variables, with proportions expressed as percentages for different classifications of each variable.

To explore the associations between various factors and healthcare service utilization, Chi-square tests were employed to assess the factors influencing health service utilization among migrant older adults. Multivariate logistic regressions were selected for analysis, which is particularly useful for identifying the associations between variables (25). Variables that demonstrated statistical significance in the univariate analysis were included in the logistic regression model to explore the determinants of healthcare utilization among the migrant older adults. For non-normally distributed data, such as health service awareness and health service needs, non-parametric tests were used, with results expressed in medians and quartiles. Statistical analyses were conducted using SPSS software (version 22.0), with a significance level of p < 0.05 (two-sided) considered statistically significant.




3 Results


3.1 Participant characteristics

Table 1 shows a balanced distribution in gender, among 568 migrant older adults, with 285 (50.2%) males and 283 (49.8%) females, spanning an age range of 60 and 86 years, with a mean age of (66.9 ± 6.2) years. Within the sample, 434 participants (76.4%) were married. The majority, 366 (64.4%) possessed pension insurance and 496 (87.3%) possessed health insurance.



TABLE 1 Univariate analysis of healthcare utilization.
[image: A detailed table displays various factors affecting outpatient and inpatient services, divided into predisposing traits, enable resources, and need factors. Categories include gender, age, marital status, education, income, insurance, and health status, with numerical values for each factor alongside statistical values such as chi-square, Z, and p-values. Bold p-values indicate significance levels.]



3.2 Univariate analysis of healthcare services utilization

Table 1 also illustrates the healthcare service utilization among the 568 migrant older adults participants. A total of 73 participants (12.9%) reported using outpatient services at health centers in the past 2 weeks. The analysis revealed significant differences in outpatient service utilization based on several variables. In the predisposing traits category, only education level showed statistical significance. In the enabling resources category, factors such as pension insurance, convenience to visit, and time to health centers were significant. Finally, in the need factors category, self-assessed health status, the number of chronic diseases, sick for the past 2 weeks, and health service needs were all significantly associated with outpatient service utilization (p < 0.05).

Regarding inpatient services, 109 participants (19.2%) reported being hospitalized in the past year. The analysis showed significant differences in inpatient service utilization based on age, marital status, education level, and number of children in the predisposing traits category. In the enabling resources category, variables such as personal monthly income, pension insurance, health insurance, convenience to visit, and time to health centers were significantly associated with inpatient service utilization. The need factors of self-assessed health status, the number of chronic diseases, sick for the past 2 weeks, and health service needs also showed statistical significance (p < 0.05).



3.3 Multivariate logistic regression analysis


3.3.1 Factors influencing the outpatient services utilization

Table 2 demonstrates a notably diminished outpatient services utilization among highly educated migrant older adults (OR = 0.13, 95% CI: 0.03, 0.71) in compared to their counterparts with limited education levels in predisposing traits. Among the enabling resources, the likelihood of utilizing outpatient services was significantly higher for those with pension insurance (OR = 4.34, 95% CI: 1.86, 10.11) and those reporting high convenience to visit (OR = 2.85, 95% CI: 1.31, 6.22). Conversely, participants whose travel time to health centers was 60 min or more were significantly less likely to utilize outpatient services (OR = 0.19, 95% CI: 0.15, 0.80) compared to those with a travel time of less than 10 min. In terms of need factors, participants in good self-assessed health were significantly less likely to utilize outpatient services (OR = 0.44, 95% CI: 0.24, 0.82) compared to those with poorer self-assessed health. Conversely, those who had been sick in the past 2 weeks (OR = 14.91, 95% CI: 7.32, 30.39) and those with higher health service needs (OR = 1.08, 95% CI: 1.02, 1.14) were significantly more likely to utilize outpatient services.



TABLE 2 The logistic regression of outpatient service utilization.
[image: Table displaying factors affecting health service access with p-values and odds ratios. Predisposition traits include education level and resource availability. Significant correlations: college education decreases odds (p=0.018), pension insurance increases odds (p=0.001), and convenience impacts positively (p=0.008). Longer travel time (>60 minutes) decreases odds (p=0.023). Need factors show better self-assessed health status relates to lower service need, significant for general (p=0.003) and good health (p=0.010). More chronic diseases increase need, significant for three or more diseases (p=0.082). Recent sickness greatly increases service need (p<0.001). Higher health service need is significant (p=0.007). Bold indicates significance at p < 0.05.]



3.3.2 Factors influencing the inpatient services utilization

Table 3 reveals that migrant older adults aged 80 and above demonstrated significantly elevated inpatient health services utilization (OR = 3.38, 95% CI: 1.23, 9.29) compared to their counterparts aged 60–69 years in predisposing traits. Among the enabling resources, pension insurance (OR = 2.06, 95% CI: 1.09, 3.92), health insurance coverage (OR = 2.88, 95% CI: 1.22, 6.84), and convenient access to visit (OR = 2.70, 95% CI: 1.45, 5.03) were significantly associated with higher inpatient service utilization. Conversely, those with travel times 60 min or more (OR = 0.37, 95% CI: 0.13–0.96) were significantly less likely to utilize inpatient services compared to those with shorter travel times. Regarding the need factors, participants in good self-assessed health (OR = 0.17, 95% CI: 0.10, 0.30) were significantly less likely to utilize inpatient services compared to those in poor self-assessed health. Conversely, those with three or more chronic diseases (OR = 29.15, 95% CI: 12.42, 68.40), those who had been sick in the past 2 weeks (OR = 2.08, 95% CI: 1.13, 3.80), and those with higher health service needs (OR = 1.07, 95% CI: 1.00, 1.13) were significantly more likely to utilize inpatient services.



TABLE 3 The logistic regression of inpatient service utilization.
[image: Table displaying factors influencing health-related outcomes, with categories: Predisposition Traits, Enable Resources, and Need Factors. Contains details like age, marital status, education level, income, insurance, health status, and number of chronic diseases. Key statistical values: p-values, odds ratios with confidence intervals. Significant factors include age over 80, elementary education, insurance status, health status, and the number of chronic diseases. Significant p-values are bolded, indicating relevance.]





4 Discussion


4.1 The rate of healthcare services utilization among the migrant older adults in Xuzhou is comparatively low and requires improvement

The study found that, among the 568 participants, only 73 individuals (12.9%) utilized outpatient services within the past 2 weeks. This rate is considerably lower than the average outpatient service utilization for migrant populations in the province (20.42%) (26, 27), and also below the national average for older adults populations (20.9%) (28, 29). In the past year, inpatient services were utilized by 109 migrant older adults (19.2%), which is again lower than the rates reported in most recent studies (29.9%) (30, 31). This discrepancy can be attributed to the fact that a large proportion of the sample (73.2%) consisted of migrant older adults aged 60–69, who generally enjoy relatively good health and exhibit fewer evident healthcare needs, thereby lowering their utilization rates (32).

Additionally, limited health awareness among the migrants and a lack of understanding of healthcare services at their destination may lead them to rely on purchasing medication from pharmacies or even avoid seeking medical attention when experiencing discomfort (33). These factors contribute to the relatively low healthcare service utilization observed in this study. The findings suggest, on one hand, a lack of disease knowledge and insufficient attention to personal health among the migrant older adults in Xuzhou, pointing to the need for improved health education. On the other hand, they highlight the limited understanding of available health services, underscoring the importance of strengthening health promotion efforts targeting migrant populations. Furthermore, it is recommended that migrant older adults be included in health management through community health service centers in order to promote more effective health services utilization.



4.2 Multiple factors influence the utilization of outpatient health services among migrant older adults

Among the three characteristics in Anderson’s model, enabling resources and need factors exert the most significant influence on outpatient service utilization among migrant older adults. Predisposing traits play a limited role, with one exception: migrant older adults with higher education levels (college or above) tend to develop a stronger sense of health awareness (34, 35), which correlates with a reduced likelihood of utilizing outpatient services. These individuals often possess basic medical knowledge and have a better understanding of their health conditions (16), leading them to prefer purchasing medications from pharmacies or using medicines brought from their hometowns to manage minor health issues (36).

At the enabling resources level, outpatient service utilization is higher among those with pension insurance and convenient access to healthcare services. Conversely, migrant older adults who need to travel more than 60 min to reach a health center show significantly lower utilization rates. Pension insurance plays a pivotal role in providing financial security, supporting basic healthcare needs (16), and promoting the utilization of outpatient services. However, the underutilization of outpatient services among those with long travel times highlights the critical impact of accessibility and convenience on healthcare utilization (21–23). The mobility of migrant older adults across provinces or regions introduces challenges such as varying medical policies, lifestyle differences, language barriers, and limited access to resources, prompting many to rely on self-medication or informal care for minor ailments (37, 38). Implementing comprehensive health management for migrant older adults could help ensure more equitable and efficient access to healthcare services.

Previous studies have also emphasized the predictive power of need factors in determining healthcare service utilization, particularly among the older adults (39–41). For outpatient services, good self-assessed health status is associated with lower utilization, while recent illness (within the past 2 weeks) increases the demand for healthcare services. Migrant older adults in good self-assessed health are less likely to engage with healthcare services, as their health status accurately reflects their overall wellbeing (42–44). Migrant older adults with poor self-assessed health status tend to have a subjective perception of their own health status (45), thereby increasing the likelihood of accepting outpatient medical services. Migrant older adults with high health service needs typically exhibit varying degrees of physical or mental impairment or are in a suboptimal state of health, leading to an increased inclination to utilize healthcare services (46). Moreover, the attribute of mobility can further exacerbate concerns about their health status among migrant older adults, potentially resulting in a psychological burden and consequently driving them toward seeking healthcare services (47). Consequently, the impact of the mental health and health awareness of migrant older adults people in the field of health can be targeted in subsequent research.



4.3 Multiple factors influence the utilization of inpatient health services among migrant older adults

In addition to outpatient services, predisposing traits significantly influence inpatient service utilization, particularly among migrant older adults aged 80 and above, who demonstrate much higher utilization rates than their younger counterparts (aged 60–69). This increase is likely due to the natural aging process and the associated decline in physiological functioning (48, 49) as well as the inverse relationship between age and overall health status (49, 50), leading to a greater demand for inpatient care (50, 51). With advancing age, the prevalence of chronic diseases rises (52, 53), further increasing the need for inpatient services. Previous research has documented the high prevalence of chronic diseases among the older adults in Xuzhou (54), and migrant older adults with multiple chronic conditions exhibit significantly higher utilization of inpatient services compared to those without such ailments (55). Chronic diseases such as hypertension and diabetes, which often lead to debilitating complications, profoundly affect the quality of life for migrant older adults and drive their reliance on inpatient care (56, 57).

Among enabling resources, limitations in Medicare coverage and pension income restrict the utilization of residential health services by migrant older adults. This study highlights the significant impact of health insurance coverage on healthcare utilization (58). The low reimbursement rates for hospitalization expenses at the destination, coupled with complex reimbursement procedures and limitations on eligible services, create barriers to inpatient healthcare access for migrant older adults (49, 59). Socioeconomic factors also contribute to disparities in healthcare utilization, as migrant older adults often face financial instability due to inconsistent incomes (60, 61). However, pension insurance can reduce reliance on offspring for healthcare costs, especially for hospitalization, which can incur substantial expenses (26). Conversely, migrant older adults without pension or health insurance are less likely to utilize healthcare services. To address these challenges, enhancing the development of medical insurance information systems is crucial for facilitating cross-regional medical expense settlements. Additionally, efforts should be made to promote commercial health insurance as a supplementary option for migrant older adults. Expanding the scope of reimbursement and increasing hospitalization coverage rates can alleviate financial burdens and ultimately improve healthcare utilization among this population (62).



4.4 Limitation

This study is subject to several limitations that should be acknowledged. First, the cross-sectional design limits the ability to establish causal relationships regarding healthcare service utilization among the migrant older adults. Second, this study’s geographic focus on Xuzhou City may introduce regional biases, as the findings are influenced by the specific characteristics and healthcare landscape of this area. Third, we did not collect data on key variables such as social integration, familiarity with the healthcare system in the destination, or the existence of personal health records, and their absence limits the depth of our analysis regarding the influences on healthcare services utilization. Despite these limitations, our study provides a foundation for future research and offers valuable insights for improving the utilization of healthcare services.




5 Conclusion

Overall, compared with the migrant population and the older adults in the non-migrant population, healthcare service utilization among the migrant older adults in Xuzhou is suboptimal. The study identified several key factors influencing healthcare service utilization, including age, education level, possession of pension and health insurance, ease of access to healthcare facilities, travel time to health centers, health status, recent illness (within the past 2 weeks), number of chronic diseases, and perceived need for healthcare services. To improve healthcare access for migrant older adults, it is essential to consider a multifaceted approach. This should include policy support and assistance, reducing the medical and economic burdens faced by this population, improving the accessibility and convenience of healthcare organizations, and prioritizing health education and promotion efforts. By addressing these factors, policymakers and healthcare providers can work toward enhancing the healthcare experiences and outcomes for migrant older adults populations.
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Objective: This study assessed how Health-Related Quality of Life (HRQoL) and nonadherence to medication are linked, to determine whether HRQoL is a suitable endpoint for clinical trials evaluating nonadherence.
Background: HRQoL is often used as an endpoint in clinical trials to determine the effectiveness of nonadherence interventions. However, the relationship between HRQoL and nonadherence is not clear, as some interventions find an effect of nonadherence on HRQoL while others do not. Since both HRQoL and nonadherence are latent constructs, it is of interest to understand the factors that link them.
Methods: Medication nonadherence was assessed in 731 older adults with neurological disorders using the Stendal Adherence to Medication Score (SAMS). Regression and network analyses were performed to examine the association between the SAMS and HRQoL (SF-36). Cognitive function, depressive symptoms, mobility, and healthcare satisfaction were included as covariates.
Results: There was a weak association between the SAMS and HRQoL only for the mental component scale. The relationship between the SAMS and HRQoL appears indirect, as its effect is nullified upon the inclusion of covariates, especially depressive symptoms. Network analyses showed that the effect of nonadherence on HRQoL is mainly delivered by depressive symptoms, while cognition and satisfaction with healthcare contribute to a lesser extent.
Conclusion: Nonadherence and HRQoL are both latent variables influenced by similar factors. The effect of nonadherence on HRQoL seems to be indirect and mainly delivered by depressive symptoms, possibly via motivational pathways. These associations need to be considered when selecting clinical endpoints and planning interventions.
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1 Introduction

Neurological disorders are the leading cause of disability worldwide, affecting more than 3 billion individuals (1). Most chronic diseases are treated with medications. In order for these medications to be effective, it is important that patients take them as prescribed (2, 3). However, a recent review (4) estimated that nearly 43% of patients show medication nonadherence, meaning that they do not take their medication as agreed with their healthcare providers (2, 5). Nonadherence to medication is associated with poorer health outcomes and subsequently reduced health-related quality of life (HRQoL) (6, 7). HRQoL depends, among other factors, on physical health status (8) but is also influenced by mental health, in particular depressive symptoms (9, 10). Depressive symptoms are also known to be predictors of nonadherence (11). In a systematic review, Yap et al. (12) cite both depressive symptoms and physical health, such as falls and poor physical function, as well as reduced cognitive function, as barriers to adherence.

HRQoL describes a person’s self-perceived health-related well-being and is therefore often used as an outcome in clinical trials to assess the effectiveness of health interventions. Cross et al. (13) provide a recent Cochrane review of nonadherence interventions in which 14 studies used an outcome measure of HRQoL with mixed results. For example, a pharmaceutical care intervention for older adults (14) failed to improve HRQoL. Similarly, an intervention study in patients with diabetes (15) found no significant effect on HRQoL after 6 months, neither did a study on patients with multimorbidity (16). While in the study by Willeboordse et al. (17), medication problems were solved for the intervention group, again no effect on HRQoL was found. In contrast, a nurse-led intervention produced an effect on both physical and mental components of HRQoL in geriatric patients (18). To put these findings into context, it is important to understand whether HRQoL is an appropriate outcome parameter for interventions targeting nonadherence in the first place. In cross-sectional studies, many studies report an effect of nonadherence on HRQoL (19–23) while others find no association (24, 25). Some studies also report that the effect of medication nonadherence is only evident for subscales (22) or disappears after controlling for certain covariates, especially depressive symptoms and mobility (21). This suggests that the effect of nonadherence on HRQoL is not straightforward and may depend on common influencing factors.

In a previous study, we found HRQoL to be an inappropriate variable for the identification of cut-off points for nonadherence (26). However, both in our data and in previous studies, nonadherence and HRQoL were influenced by similar factors, particularly depressive symptoms (9, 11, 12, 27). Depressive symptoms were also identified as the strongest predictor of nonadherence in the present dataset (28), therefore we hypothesize that depressive symptoms may connect nonadherence and HRQoL. As btoh HRQoL and nonadherence are important variables in clinical research, we aimed to understand how they are related. As nonadherence is often used as a modifiable means to influence HRQoL in interventions as well as an end-point to assess the effectiveness of these interventions, it is important to analyze how they are linked. Understanding whether nonadherence can directly improve HRQoL holds important implications for the planning and evaluation of clinical trials. In this analysis, we thus aim to understand whether nonadherence has a direct effect on HRQoL or whether other variables, particularly depressive symptoms, deliver this connection.



2 Materials and methods


2.1 Participants and recruitment

The data utilized in this analysis stems from the NeuroGerAdh study, which is described in detail in the respective data paper (28, 29). Briefly, older adults with neurological disorders were comprehensively assessed during their stay at the Department of Neurology at Jena University Hospital, Germany, between February 2019 and March 2020. Patients were included in the study if they were at least 60 years old (or 55 years old with multimorbidity), had a primary neurological diagnosis given by a neurology specialist, and gave written informed consent. The study was approved by the local ethics committee. Patients with severe depression (diagnosed Major Depressive Disorder), delirium or cognitive deficits were excluded (diagnosed dementia or Montreal Cognitive Assessment ≤18). For this analysis, all patients were included if they filled out the respective questionnaires of interest. The study utilized routine data in combination with questionnaires and assessments performed by trained study staff at baseline during the hospital stay, as well as telephone-based follow-up after 6 and 12 months to obtain information on survival and health. This analysis is based on the dataset collected at baseline including the following variables:

	• Age (years), gender (male/female), marital status (married or in a relationship/single or widowed), living conditions (alone/not alone), education (grouped into low = ≤ 8 years, medium 9–11 years, high ≥12 years).
	• Number of different drugs taken daily, main diagnosis grouped into 5 categories (Movement Disorder, Cerebrovascular Disorder, Neuromuscular Disorder, Epilepsy, Miscellaneous Disorders).
	• Satisfaction with healthcare assessed with the Healthcare Climate Questionnaire (HCCQ) (30, 31).
	• Personality assessed by the Big Five Inventory (BFI) (32).
	• Cognition assessed with the Montreal Cognitive Assessment (MoCA) (33, 34).
	• Mobility based on the Timed Up and Go (TuG) test (35).
	• Depressive symptoms measured with Becks Depression Inventory II (BDI) (36, 37).

HRQoL was assessed using the 36-Item Short Form Health Survey (SF-36), with higher scores indicating higher HRQoL (38, 39). The SF-36 is the most commonly utilized valid patient-reported outcome measure for HRQoL (40). The eight subscales Vitality, Mental Health/ Emotional well-being (EWB), Social Functioning and Role Limitations due to Emotional Problems can be summarized into a Mental Component Scale (MCS), while the Physical Component Scale (PCS) encompasses the sub-scales General Health, Physical Functioning, Bodily Pain and Role Limitations due to Physical Problems (41, 42). To assess the impact of nonadherence, our analysis utilized MCS and PCS as dependent variables.

Nonadherence was measured using the Stendal Adherence to Medication Scale (SAMS), a 18-item self-report scale that encompasses the domains Modification of medication (for example If you feel you have to take too many tablets, do you stop taking those medications you consider to be less important?), Forgetting to take medication (such as How often do you forget to take your medication?), and missing Knowledge about medication (such as time of taking, dosage, or purpose). In this study, we analyzed the impact of the SAMS total score on HRQoL among the above mentioned covariates, and report subscale analyses in the Supplementary materials. Each item is posed as a 4-point Likert scale ranging from 0 to 4, with higher scores indicating higher levels of nonadherence. The SAMS was developed as an extension of the Morisky Medication Adherence Scale (MMAS) with more nuanced Likert scale items (88). It was constructed by an expert panel and incorporates items analogous to previously validated questionnaires, such as items about medication knowledge in accordance with Rottlaender et al. (90), as well as the Morisky scales (88, 89). Additional items were added by the expert panel of patients and healthcare providers. The final SAMS version has undergone testing across a range of patient groups, such as neurological patients, chronic pain patients, and patients who have received kidney transplants (43–49). Although self-reported measurements carry a risk of bias, they offer an opportunity to understand different types of nonadherence and their underlying causes, which cannot be achieved through the use of objective measures (50–53). Both objective and self-report measures of nonadherence have advantages and disadvantages (53, 54), and although objective measures are considered to be free of bias, patients must be informed that their medication intake will be monitored, potentially leading to increased adherence for the duration of the study. Likewise, prescription data or electronic pill counting cannot provide information on whether the medication was ingested, while analyses of drug concentration in the blood are difficult to implement outside of funded clinical research. As self-report measures show moderate to high correlation with objective measures, their use is recommended due to their economic application and informational value on different reasons for and types of nonadherence (3, 52, 54, 55).



2.2 Statistical analysis

As a first step, we report both mean and standard deviation (SD) as well as median and inter-quartile range (IQR), as Shapiro Wilk Test revealed non-normal distributions of the variables. Spearman correlations were calculated between the SAMS and the MCS/PCS scores as well as the covariates. Missing data in the covariates was treated with the pairwise deletion process. Of note, of the excluded patients, only 9 patients had more than 5 missing items in the SAMS whereas the majority missed out on one or two. Still, as the SAMS operates on an item level where each item contributes to the overall nonadherence score, we excluded all patients with missing data. All analyses were performed in R Version 4.3.0 (56) at a significance level of p = 0.05.

To assess whether the SAMS is related to the MCS and PCS, we performed linear regression first using only the SAMS as an independent variable, and secondly with the addition of the above-mentioned covariates. Assumptions for regression, such as collinearity, autocorrelation, homoscedasticity and normality of residuals, were assessed with the R-package performance (57).

In addition, we aimed to understand the interaction between SAMS, HRQoL and the covariates using Network Analysis (NA). NA is a tool that has recently been used extensively to study the bidirectional association between different variables (47, 58, 59). In our data, NA visualizes the partial correlations between variables while controlling for other associations in the network. Importantly, unlike traditional modeling, NA does not assume a singular direction of effect or an underlying latent variable. Instead, it suggests that the variables in the network influence each other in a circular manner (60–62). Networks contain two main components: the variables, called nodes, and their connections, called edges (63). Edges represent the strength of the relation between two nodes, with thicker edges visualizing stronger relationships and blue edges depicting positive associations, red negative ones. The nodes are positioned using the Fruchterman-Reingold algorithm based on the strengths of their associations (63). We performed NA with nonparametric bootstrap to assess network stability. The Correlation-stability coefficient (CSC) indicates the stability of a network if a portion of the participants is dropped and should remain above 0.5 (64). Although it is possible to calculate centrality indices using NA, we do not report these as the aim of our analysis was to show the flow of information between HRQoL, nonadherence and the covariates, not to assess which variable has the strongest influence in the network overall (65).




3 Results


3.1 Descriptive results

In total, N = 910 patients were recruited at baseline. Of those, N = 731 patients completed the measure of nonadherence and were thus included in the present analysis (Table 1). On average, they were 70.2 years old and 56.2% were female. They regularly took 5.74 different medications per day. The main neurological diagnoses were classified into movement, cerebrovascular, or neuromuscular disorders, epilepsy, and miscellaneous neurological diagnoses (see (29) for details) (Table 1).



TABLE 1 Description of the study participants.
[image: Table displaying demographic and clinical characteristics, including variables such as age, gender, education, living situation, diagnosis, and personality traits. Mean, standard deviation, median, interquartile range, and percentages are shown for each variable. Notable values include mean age of 70.24, with majority disorders being movement and cardiovascular. Most participants are male, with a high level of education, and conscientiousness scores highest among personality traits. Abbreviations at the bottom explain measures like MoCA and TuG.]



3.2 Nonadherence and HRQoL

We then analyzed how the SAMS was related to HRQoL as assessed by the MCS and the PCS of the SF-36, which exhibited a Cronbach’s alpha of 0.89 each in our dataset. Spearman correlations (Supplementary Table 1) showed that the SAMS was weakly correlated with the MCS (r = −0.20, p < 0.001) and the PCS (r = −0.13, p < 0.001), as well as with other SF-36 subscales (r ranging from −0.13 for the physical subscale to −0.19 for the emotional and social subscales). These results already suggest a negative association between nonadherence and HRQoL, with a stronger association with the mental scales than with the physical scales. In addition, the SAMS was most strongly correlated with the BDI (r = 0.30, p < 0.001), as well as the TuG (r = 0.12, p = 0.009) and negatively with the MoCA (r = −0.13, p = 001) and the HCCQ (r = −0.19, p < 0.001). This indicates that higher levels of depressive symptoms, worse mobility, worse cognition and worse healthcare satisfaction are associated with higher levels of nonadherence.

We confirmed the relationship between the SAMS and the MCS using a simple linear regression model (Table 2). The SAMS was found to be a significant contributor to the MCS (est. = −0.028, CI [−0.038, −0.017], p < 0.001), explaining 3.3% of the MCS variance. However, this association between the SAMS and the MCS disappeared when covariates were added to the model; instead, the BDI, number of drugs, HCCQ, and MoCA were identified as the factors explaining most variance in MCS (Table 2).



TABLE 2 Linear regression for the MCS with (a) SAMS and (b) SAMS and covariates.
[image: Table with two sections, A and B, displaying predictors affecting the Mental Component Scale (MCS) with estimates, confidence intervals (CI), and significance values (p). In section A, SAMS has a negative estimate of -0.28 (p < 0.001). In section B, predictors like BDI, number of drugs per day, MoCA, HCCQ, miscellaneous disorder, BFI: Conscientiousness, and BFI: Extraversion show significant p-values (<0.05). Sample sizes and R-squared values are provided. Statistically significant values are bolded.]

For the PCS, the SAMS was not significantly associated even in the simple model (p = 0.104), see Supplementary Table 2.1. Detailed analyses for the SAMS and other subscales of the SF-36 are given in Supplementary Tables 2.2–2.9, showing that the SAMS was more strongly associated with the mental subscales. It is worth noting that in all models, the initial influence of the SAMS diminishes when covariates are added into the model. Since the PCS is not significantly associated with the SAMS, we focused on the MCS alone, as the mental subscales are more closely associated with nonadherence in our data.

In our previous analysis of this dataset, we found a strong association between the SAMS and the BDI, but also between the SAMS and mobility, cognition, number of medications, age, and HCCQ (28). Our present analyses confirm that when these variables are included, the association between the SAMS and the MCS disappears. Thus, it is likely that these variables act as a link between MCS and SAMS. Therefore, we performed a network analysis to obtain an overview of the relationships between the SAMS and the variables identified as significant in the regression models (Figure 1). The network is stable with a CSC = 0.75 and presents 7 nodes connected by 28 out of 49 possible edges. It shows bidirectional relationships between SAMS and BDI, HCCQ, and MoCA. As expected, there is no direct connection between SAMS and MCS. Instead, visual inspection shows that the SAMS is connected to the MCS via the BDI, which has the strongest connection to the MCS, as well as via HCCQ and MoCA. The relationship with TuG and Number of Drugs is not straightforward in the network, instead they are connected through BDI and MoCA.

[image: Diagram of interrelated nodes labeled MCS, BDI, SAMS, MoCA, drugs, HCCQ, and TuG_Seconds. Arrows connect these nodes, indicating relationships. Prominent red arrows connect MCS and BDI, with blue arrows showing additional interconnections among nodes.]

FIGURE 1
 Network plot of SAMS, MCS and covariates. BDI, Beck Depression Inventory; drugs, number of drugs; HCCQ, Healthcare Climate Questionnaire; MCS, SF-36 Mental Component Score; MoCA, Montreal Cognitive Assessment; SAMS, Stendal Adherence to Medication Score; TuG_Seconds, Timed Up and Go. Red lines depict negative, blue lines positive associations.


Finally, to confirm the association between the MCS and the variables included in the NA, we lastly performed linear regressions including the SAMS as well as each individual variable from the network. Notably, the SAMS remained significant as an independent variable to explain variance in the MCS when only HCCQ, TuG, number of drugs, and MoCA were included (Supplementary Table 3). However, once the BDI was included (Table 3), the significant influence of the SAMS disappeared (est = −0.04, p = 0.349, CI [−0.13, 0.05]).



TABLE 3 Linear regression on the mental component scale using the SAMS and BDI as dependent variables.
[image: Table A presents regression analysis results for MCS. The intercept estimate is 57.87 with a confidence interval (CI) of 56.76 to 58.98 and a p-value of less than 0.001, indicating statistical significance. SAMS has an estimate of -0.04, a CI of -0.13 to 0.05, and a p-value of 0.349. BDI shows an estimate of -0.90, a CI of -0.99 to -0.81, and a statistically significant p-value of less than 0.001. Sample size is 689 with an adjusted R² of 0.381. Statistically significant values, p<0.05, are in bold.]

As the SAMS can further be classified into nonadherence subscales, we repeated the analyses using the subscales Forgetting to take medication, Modification of medication intake, and missing Knowledge about medication (Supplementary Tables 4–6). Linear regression revealed that the effect of Forgetting on the MCS disappears (p = 0.068) after adding the BDI (p < 0.001) or HCCQ (p < 0.001) to the model. Likewise, including the BDI (p < 0.001) nullifies the effect of missing Knowledge (p = 0.368) and Modification (p = 0.103) on the MCS, whereas the inclusion of HCCQ, Number of Medications, TuG or MoCA do not annul the association between SAMS and MCS.




4 Discussion

The aim of our analysis was to evaluate the effect of nonadherence on HRQoL and to determine the suitability of HRQoL as an outcome for clinical trials targeting nonadherence. Using regression and network analysis, we found a weak association between the mental subscales of HRQoL (SF-36) and nonadherence, which was mainly delivered via depressive symptoms.

Of note, a weak association between HRQoL and nonadherence has been reported previously (18, 25), while other studies have found stronger associations (20–22). Differences in the covariates and patients included in the studies may explain these variations. In addition, nonadherence represents a highly complex, multi-faceted phenomenon (66), and interventions that only address specific aspects of nonadherence may prove insufficient to influence HRQoL (13). Our research further suggests that other factors, particularly depressive symptomology, may connect nonadherence and HRQoL, making it an indirect link. Although medication nonadherence may impact health especially in older, chronically ill patients that depend on their pharmacotherapy, (HR)QoL encompasses more than mere physical health. Especially in advancing age, where a full recovery is not feasible and a certain health decline can be expected, other factors such as satisfaction with life, social connection and purpose take precedence (67, 68). Likewise, HRQoL describes a person’s satisfaction with and interpretation of their health status, thus it may be independent of the objective health. The paradox that some persons report high HRQoL despite being physically ill may be explained by differences in expectations regarding health and aging that strongly influence a person’s interpretation of their health status (69, 70). Importantly, the gap between desired and present health status is also influenced by depressive symptoms (69).

Overall, the relationship between depressive symptoms and nonadherence is well documented in the literature (11, 12, 27, 28). Depressive symptoms are associated with reduced self-efficacy, loss of control and interest as well as hopelessness and fatigue (3, 27, 71, 72). This may lead to changes in the beliefs about the effectiveness of medication: if someone does not believe that they can make a positive difference to their health, they may feel that taking their medication is less necessary (73). Thus, depressive symptoms may affect patients’ motivation to take medication (74). This strong association between nonadherence and depressive symptoms is further highlighted by our subscale analyses, showing that depressive symptoms not only influence overall nonadherence but also the three subscales Forgetting to take medication, missing Knowledge about medication, and Modification of medication. In a previous publication based on this dataset, we performed a symptom-driven analysis to understand which depressive symptoms in particular drive the association with nonadherence. Loss of interest, fatigue and difficulties with concentration tie depressive symptoms to nonadherence for all subscales, indicating an overall lack of investment in one’s own health that may lead to carelessness with medication intake (27). In addition, Lee and Oh (8) showed that self-efficacy and emotional support reduce nonadherence, both of which may be reduced in patients with higher levels of depressive symptoms (75, 76). Schoenthaler et al. (76) conducted a mediation analysis showing that self-efficacy mediates the relationship between depressive symptoms and nonadherence. Similarly, Chantzaras and Yfantopoulos (21) found that the relationship between HRQoL and nonadherence was determined by the level of self-care, again strengthening the relation between nonadherence and depressive symptoms via motivational and behavioral paths. Likewise, depressive symptoms are associated with psychosocial parameters such as loneliness and reduced social participation, as well as with worse physical health, all of which may influence HRQoL (9, 77, 78). Thus, depressive symptoms have the potential to simultaneously impact nonadherence and HRQoL. Future studies may benefit from longitudinal data on nonadherence, HRQoL and depressive symptoms to conduct mediation analyses and allow for causal interpretation to confirm this hypothesis.

Additionally, poor healthcare climate and cognitive deficits have previously been identified as barriers to adherence. Our NA supports this link, demonstrating connecting effects through HCCQ and MoCA in the network (12, 13). Healthcare climate is associated with patient engagement and better communication with healthcare providers, leading to better health-literacy and understanding of prescribed medications (12, 13). On the other hand, cognitive deficits may pose a challenge to understanding medication regimens and may lead to forgetfulness (12, 13). However, as shown in our regression and network analysis, the effects of cognition and healthcare climate are comparatively smaller than those of depressive symptoms and cannot fully explain the association between nonadherence and HRQoL. Of note, we excluded patients with severe dementia from study participation, thus this association may be stronger in a patient population with dementia (79).

Our results further suggest that the relationship between nonadherence, HRQoL and mobility (TuG) or number of drugs is not straightforward. While both mobility and number of drugs as a proxy for health (in terms of multimorbidity) are associated with HRQoL (8), they did not nullify the association between HRQoL and nonadherence in our data the way the BDI did. On average, our patients were taking 5.74 medications daily. Although increased treatment complexity correlates with nonadherence, the majority of our patients had chronic conditions, suggesting that the habitual use of their medication could mitigate the effect of complexity on nonadherence (8, 12, 80, 81). Likewise, different types of nonadherence are differentially associated with treatment complexity, as a higher number of medications may increase unintentional forgetting of medication but not intentional modification of their intake (28). In addition, although mobility limitations can affect HRQoL, they were not severe enough to interfere with medication use in our patients (21).

Overall, we found a stronger effect of nonadherence on the mental rather than on physical aspects of HRQoL. This has been confirmed in previous research (12, 18, 21). For example, in their review, Hickey et al. report a decreasing association between physical health and HRQoL with advandcing age (82). Likewise, Bernsten et al. (14) attribute the effect of mental health to psychosocial pathways such as increased support. One explanation suggested by our data is the close connection between nonadherence and motivation, self-efficacy and health beliefs through depressive symptoms, which are captured in the mental subscales of the SF-36 (27). These results are also consistent with the stronger association of nonadherence with depressive symptoms than with physical health such as mobility and multimorbidity found in our analysis. This again points to the strong influence of depressive symptoms on both nonadherence and HRQoL (9, 12).

Overall, meta-analyses show that previous intervention studies aimed at improving nonadherence have often been ineffective, which may be attributed in part to methodological variations in the included studies (13). Similarly, both HRQoL and nonadherence are complex behaviors with multiple components that need to be aligned for an effective intervention, as shown by the finding that multifaceted interventions yield the best results (13, 83). However, another reason as to why interventions remain underperforming may be that in order to assess the effectiveness of a clinical trial, it is essential to identify an appropriate endpoint. In their review, Cross et al. (13) provided an overview of the quality of evidence depending on the chosen outcome. Previous studies have found that interventions are more effective when changes in nonadherence itself, rather than HRQoL, are considered as an endpoint (83). Our analyses combined with previous research suggest that the failure to find an effect on HRQoL does not imply that the intervention itself was ineffective. Rather, it is plausible that nonadherence alone cannot sufficiently influence HRQoL because they are indirectly linked. Instead, it is critical to use outcomes that are directly related to nonadherence to measure the effectiveness of interventions targeting medication adherence. Additionally, in the design and evaluation of clinical trials on medication adherence and HRQoL, particular attention should be paid to depressive symptoms, especially to the connecting symptoms such as lack of motivation, interest in one’s health, fatigue and cognitive overload. As they appear to be linking nonadherence with HRQoL, overcoming barriers in motivational and behavioral pathways related to depressive symptoms can enable patients to take an active role in their healthcare (84, 85).


4.1 Limitations

As we were interested in the type of nonadherence we used a self-report measure, although it is susceptible to bias. However, objective measures of nonadherence have other shortcomings (see (3) for a discussion), and research has shown that using a validated scale can provide data comparable to objective measures (86). Still, the nonadherence data used in this study was not validated against an objective measure, thus it should be interpreted with caution. As there is no generally accepted cut-off point for nonadherence, we treated the SAMS as a continuous variable (3).

In addition, the single-center and cross-sectional design of our analysis reduces the generalizability and causal interpretation of our results, as does the inclusion of a specific patient population. Results may be different for other patients in different countries. Additionally, although many relevant covariates were included in our study, both HRQoL and nonadherence are complex constructs influenced by a multitude of factors, future studies should assess both using different scales. Especially in research on older adults, age-related changes should be appropriately considered in the HRQoL- instrument (82). Additional factors such as anxiety, social support and measures of health or daily activities should be included in future studies. Likewise, treatment burden and adverse health events impact on satisfaction with healthcare and adherence, as they may influence the perceived effectiveness of the treatment (87). These variables should be incorporated in future studies to understand which other factors connect nonadherence and HRQoL.




5 Conclusion

Our findings, along with past research, indicate that HRQoL is not suitable as a single endpoint for clinical trials to improve nonadherence, as there is no straightforward effect of nonadherence on HRQoL in this patient population. However, ours and previous analyses revealed that nonadherence and HRQoL are connected by similar variables, predominantly depressive symptomology. Depressive symptoms seem to provide a link between nonadherence and HRQoL, potentially via motivational pathways. When designing interventions on HRQoL and medication-taking behavior, it is essential to pay close attention to depressive symptomatology and further related covariates.
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Background: The evolution of the family model in Europe in the 21st century, and particularly in Spain, has led to grandparents playing a major role in caring for their grandchildren. Grandparents are required to take on certain functions and roles in order to provide this care. This results in changes to their daily lives, their family relationships and therefore their quality of life.
Objective: To explore grandparents’ lived experience of being involved in the upbringing and care of grandchildren and to determine how this affects their quality of life.
Methodology: A descriptive qualitative design was used. The data collection strategy involved two focus groups in two health centres in the province of Alicante (Spain), which were attended by 19 grandparents. Thematic analysis was used to analyse the data.
Results: Four themes and their respective sub-themes emerged from the data analysis: (1) Not only caring, but also raising (implications for upbringing; dealing with their children’s rules; nutrition of grandchildren); (2) Motivation for providing care (it is what families do; financial support; barriers to caregiving that outweigh the reasons for caregiving); (3) Significance of gender (grandmothers bring up, grandfathers help out; cultural burden of caregiving for women) and (4) Implications of care (negative aspects of caregiving; positive aspects of caregiving).
Conclusion: The study findings show that while grandparents recognise the value and benefits of providing regular childcare, there are important challenges that need to be addressed. It would therefore be advisable for health professionals to take into account the experience of grandparent caregivers and the process of caring for young children when developing inclusive policies for this population of caregivers.
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1 Introduction

The family is a global institution of a historical and dynamic nature. It consists of a series of interconnected networks that contribute to the development of the individual and the acquisition of prevailing social values. However, throughout history, the family has undergone various transformations, both in its structure and in its relationships. The pace and intensity of these changes have varied from one society to another and have influenced the way its members relate to each other (1, 2).

Most Spanish families in the 20th century adhered to a patriarchal structure and the notion of permanence of marriage, closely linked to the Catholic faith, in which the care of the youngest members of the family fell to the figure of the mother, with no need for child-rearing assistance (3). However, this traditional model has rapidly evolved towards a contemporary model of family, especially affected by the incorporation of women into working life, causing the model to undergo a change and increasing the active participation of grandparents in the upbringing and care of their grandchildren (4).

The reasons for this change in the family model, with grandparents as the core caregivers of the youngest children, are many and complex, and are intertwined with various socio-demographic indicators such as the ageing of the population (5). This demographic trend is leading to a greater concentration of older adults who are in better health and therefore able to provide ongoing care for their grandchildren. In this way, their participation in their role in the family goes beyond caregiving and they take on parenting (6). This phenomenon, whether occupying a central or peripheral role, is known as “grandparenting” (4) and is characterised as a relational dynamic that links two non-adjacent generations - grandparents and grandchildren - mediated by another generation of parents who happen to be their own children, i.e., their direct filiation (7).

Compared to other European countries, Spain is one of the countries with households built on strong family ties and with a more deeply rooted familistic culture (8). Here, intergenerational relationships continue to play a crucial role as a pillar of social wellbeing and therefore rely on the support of grandparents as caregivers for their grandchildren, partly because parents work long hours and do not have adequate time for child-rearing. The Survey on Health, Ageing and Retirement in Europe (SHARE) (9) shows that 22.7% of grandparents care for their grandchildren. Moreover, the intensity and circumstances of grandparental care vary widely and are influenced by a range of family dynamics (10, 11).

Caring for grandchildren has a significant impact on the grandparents’ health. This impact will be regulated by different factors, including the intensity of care, i.e., the number of hours spent caring for grandchildren. So-called “custodial care,” where grandparents take responsibility for their grandchildren for more than 12 h a day, appears to have a negative impact on grandparents’ health (12–14). In contrast, supplementary or occasional care, typically between 15 and 20 h per week, appears to be beneficial to grandparents’ health. Benefits include maintaining greater physical mobility, improved life satisfaction and lower levels of depressive symptoms (15, 16).

Another factor to consider that affects the health of grandparents caring for their grandchildren is related to work and economic aspects of the grandparents’ lives. Grandparents with fewer financial resources or who have reduced their working hours to care for their grandchildren are more prone to depression (13). It should also be noted that grandparents who take care of their grandchildren often contribute directly or indirectly to their children’s household finances, thus depleting their own financial resources (6).

Other variables, such as the age of grandparents and grandchildren, also influence the health implications of caregiving. Younger grandparents feel more useful when providing care, but the older the grandparent, the greater the risk of adverse health effects (17) intergenerational dynamics within each family system must also be taken into account. Grandparents, whose roles are often undefined or poorly understood, may feel overwhelmed or overburdened by this (18).

The efforts of grandparents in Spain often go unnoticed. This is because there is still a strong intergenerational bond between grandparents and grandchildren and, in general, the grandparent-grandchild relationship seems to have a positive impact on grandparents (4). Most of the research that has been conducted in Spain has focused on examining specific variables such as physical, economic and/or emotional factors and their impact on grandparents‘health at a given time in a quantitative way, without delving into the grandparents’ experiences of providing this upbringing. On the other hand, some studies have analysed the effects of caring for grandchildren on the formation of intergenerational relationships and the specific factors that predispose older people to take on the role of caregiver for their grandchildren. However, these studies have tended to overlook the lived experiences of grandparents in assuming these responsibilities (4, 19). To our knowledge, there are no qualitative studies documenting the experiences of Spanish grandparents caring for their grandchildren. Therefore, the aim of this study was to explore grandparents’ lived experiences of being involved in the upbringing and care of their grandchildren, and to determine how these practices affect their quality of life.



2 Methodology


2.1 Design

We adopted a descriptive qualitative approach using focus groups as a data collection strategy to better understand the impact of caring for grandchildren on quality of life (20). This method was chosen because focus groups are a particularly fruitful way of stimulating discussion and collecting rich data on a particular set of issues. Focus groups also tend to encourage the participation of people who would not normally take part in certain discussions (21).



2.2 Participants

The study population included caregivers of grandchildren in the Torrevieja area [Guardamar Health Centre (HC)] and the Elda Health Department (Acacias HC), Alicante (Spain). The inclusion criteria were: people attending routine visits to the nurse in the district’s health centres, who were grandparents, who spoke and understood Spanish, who were not frail or had any functional or sensory impairment, and who were caring for grandchildren without any degree of dependency or incapacity. Older adults with cognitive or other impairments that made communication difficult were excluded, and two people who were cohabiting or married and thus sharing care were not allowed to contribute to the same focus group. A total of 19 participants took part in the study. The majority were women and the mean age was 67.15 years (Table 1).



TABLE 1 Socio-demographic data from the focus groups.
[image: Table listing individuals from "PG" and "PE" groups with details on age, gender, marital status, employment status, number of children and grandchildren, hours of care, and years of care. Ages range from 63 to 74. Most are retired, with varying numbers of children (ranging from one to four) and grandchildren (ranging from one to eight). Hours and years of care vary widely.]



2.3 Instruments

We prepared a questionnaire to collect the participants’ socio-demographic information. We also developed a script of open-ended questions to facilitate and guide the focus group. The questions were drawn from the existing literature on the research topic (Figure 1).

[image: Questions related to being a grandparent caregiver are categorized under: reasons for caregiving, managing personal space, effects on health, boundaries between caregiving and parenting, responsibility and decision-making, and gender tasks. Each category contains specific questions about these themes.]

FIGURE 1
 Focus group guide script.




2.4 Procedure

Healthcare staff at each health centre provided the lead researcher with the contact details of people who fulfilled the inclusion criteria. Having obtained the information about potential participants, the researchers telephoned them to give them more information about the study and explain what their participation would involve, with a view to arranging a face-to-face appointment for the focus group. The researchers contacted 30 potential participants from the two centres. However, 11 of them declined the invitation, either due to time constraints or health problems. We eventually recruited 10 participants for the Guardamar HC Group and nine participants for the Elda HC Group.

We held two focus groups between October and November 2021 in specially prepared rooms at the two health centres. The first session (Guardamar HC Group) was approximately 105 min in duration, while the second session (Elda HC Group) was approximately 95 min. Two researchers trained in qualitative research, with no prior relationship to the participants, moderated the groups. One took the role of facilitator and asked questions of the group, while the other made field notes. The groups discussed each topic separately until a consensus was reached. With the consent of the participants, the focus group discussions were videotaped for later analysis.



2.5 Data analysis

Both the systematic processes used to obtain data and the subsequent data collection contribute to the validity of qualitative research (22). In conducting the focus groups, the lead interviewer (GS) ensured that the resulting data were consistent and on topic. Data analysis was guided by Braun and Clarke’s method of Thematic Analysis (23). SG and AG analysed the focus group transcripts using an open and inductive coding system in which each paragraph or sentence was given an emergent code summarising its meaning. Cases of disagreement were settled by a third party (MJC). The codes were organised into groups based on their similarity to each other. Having identified these patterns in the interviews, we then grouped them into themes and sub-themes. After reflecting on the differences and comparisons with the available academic literature on the subject, as well as the conceptual framework of this paper, we refined the different themes and sub-themes and determined which data could best be used to make sense of them (23). Verbatim quotes (in italics) have been included in the manuscript of this study to illustrate the different themes. Each quote is identified by the code assigned to each participant in both focus groups.




3 Results

From the data collected on the experience of caring for grandchildren, we have identified four themes and their corresponding sub-themes: (1) Not only caring, but also raising (the grandchildren); (2) Motivation for providing care; (3) Significance of gender; (4) Implications of caregiving (Table 2).



TABLE 2 Themes and sub-themes.
[image: Table listing themes and sub-themes related to caregiving: 1. Not only caring, but also raising the grandchildren, with sub-themes on upbringing, rules, and nutrition. 2. Motivation for caregiving, with sub-themes on family roles, financial support, and caregiving barriers. 3. Significance of gender, with sub-themes on grandparent roles and cultural burdens for women. 4. Implications of caregiving, with sub-themes on negative and positive aspects.]


3.1 Theme 1: Not only caring, but also raising


3.1.1 Implications for upbringing

The discussion began with the issue of raising grandchildren, not just providing care. It then moved on to specifically consider the health implications of caring for grandchildren. On the issue of caregiving, participants agreed that it is not just about spending time with grandchildren, but also about bringing them up. Our interviewees explained that caring for their grandchildren was not limited to picking them up from school or taking them to extra-curricular activities, but that there were aspects of caregiving that went beyond simply ferrying them from one place to another.


PE1: ‘When you have them around for so long, there comes a point where you are playing the role of parent, or you need to be. I mean, my son-in-law is away for months on end and you see him on a video call or he pops in for a few days and then he’s off again…’.
PG10: ‘And when you realise that you are around them so much and you see things that you would not condone, you step into the parents’ shoes and your children become the grandparents, when they come to pick them up in the evening and you realise that you are being the mum, I tell my kids that I want to be the grandma, not the mum’.



The participants concluded that they are very involved in their grandchildren’s education, not only by helping them with their homework, but also by teaching them values and basic rules that influence their behaviour. In fact, most of them reported disciplining their grandchildren in the same way as their own children when necessary. The childrearing role of grandparents is therefore a crucial factor in the upbringing and development of their grandchildren.


PG4: ‘How do I raise them? Like I did with my own kids, exactly the same, and when they say something to me, I say this to my grandson, who’s in charge at home? Your grandpa, well, you have to pay attention to what you see here’.

PE9: ‘Sometimes you have to be firm and other times not so much, and I’m telling you I think I did a good job bringing you up and the same goes for them, and I think they should be allowed to do whatever…’.

PE7: ‘Yes, and most kids today are being brought up by us, the grandparents, and so we pass on our values and our outlook on life to them’.
 



3.1.2 Dealing with their children’s rules

Grandchildren are subject to the rules that govern their grandparents’ lives. Sometimes, however, participants admitted to disagreements with their own children, who try to enforce standards of care that do not always match their own ways of doing things.


PE6: ‘…And I say (to my son), there’s a simple way to fix this, when I have her, I do what I want and you, when you have her, do what you want… I think what I’m doing is following the same rules I followed with you and you know what I’m like, if you do not like it, then do not leave her with me, think about it… we all have to have our own rules’.

PG3: ‘So she (her daughter) says that you should not hit them, that violence is not the way, that you have to tell children “this no, that yes,” in other words they do not want us smacking them. But hey, if they have it coming, then they need a good smack, but of course, when they (her daughters) were little, there was no violence or anything like that, was there, eh?And look how well they have turned out’.

PG10: ‘I reckon they have them doing a lot of things after school. Used to be they’d go out and play in the park and stuff, but they are not my kids so I cannot really say anything’.
 



3.1.3 Nutrition of grandchildren

The situation is similar when it comes to nutritional arrangements, as most participants have to look after their grandchildren at mealtimes, be it lunch or afternoon snack/dinner. Both groups agreed on the importance of instilling healthy eating habits and also said that they fed their grandchildren according to their own beliefs and norms.


PE7: ‘When I pick them up from school at midday, they have to come home for lunch, so my wife makes lunch for everyone’.

PG9: ‘Mine have lunch in the school canteen, but of course we give them their afternoon snack and sometimes their dinner, and obviously they eat the same as us’.

PG1: ‘I even give him breakfast because they bring him to me before they go to work so he can have breakfast and then I take him to school’.
 

However, a two-way discussion developed. The first problem was that the children gave advice to their parents about which foods were the best for their children and which were not. Despite these recommendations, grandparents displayed enough judgement to comply or not with their children’s dietary recommendations, depending on their own beliefs. The other aspect of the discussion concerned giving in to the consumption of certain foods. Even though they knew it was not always healthy for their grandchildren, they made concessions simply because they were grandparents and wanted to give their grandchildren a treat. Most were in favour of this and also commented that they would not have taken such liberties with their own children, but were allowed to do so as grandparents. There was also a consensus that grandparents felt that grandchildren ate better with them than with their parents, possibly because they have more time to spend on cooking or grocery shopping. This is in contrast to their children who, due to work commitments, have to rely on quicker and less healthy meals.


PG6: ‘Especially my daughter, who tells me to give them (her grandchildren) lots of fruit and not to give them anything sugary, but come on, the little ones eat the same things we do and if they do not like it, then do not leave them with me’.

PE2: ‘I do not let them have sweets, but I did not with my own kids either, they used to moan a lot about people bringing sweet things to school, when at home it was all toast and milk and sandwiches… but sometimes I do buy them some sweets’.

PE8: ‘I think they eat worse at home, when they are with me of course I always make sure they have proper home-cooked meals and at their own house they eat whatever they can get their hands on…’.

PE3: ‘Yes, absolutely, my grandson will not touch a chickpea unless I make them for him, if I peel the chickpeas and mash them up, then he’ll eat them… they eat worse, one day he said he did not want lentils, I made them, and he ate them…. they are always in a rush and they think that if they do not eat, they’ll have a snack, my son has told me this a thousand times. My granddaughter eats a lot worse when her parents are around’.
 




3.2 Theme 2: Motivation for caregiving


3.2.1 It is what families do

Group participants quickly came to a consensus that caring for their grandchildren was a matter of tradition, just as they themselves had been cared for and raised by their grandparents. However, there was a difference of opinion in both groups when it came to deciding whether this tradition of family caregiving could be seen as an obligation. While there was some debate about the notion of obligation, it was agreed that despite having to provide care, the majority did not see this as a negative thing. Rather, they saw it as something that had been a normal part of their upbringing since childhood. They looked after their grandchildren because that is what families do, given their understanding of the concept of family in the broadest sense. For our participants, it is a way of showing love, providing support and helping other members of the wider family.


PG3: ‘We have to help our children because they work and we have to help them, that’s the way it’s always been and that’s the way it should be, families have to help each other… and I do not know, the fact is you do not think about it, you just know you have to do it and that’s all there is to it’.

PE1: ‘Out of obligation, out of devotion, but out of obligation, I’m speaking for myself… out of devotion too, I’m delighted with her, she gives me energy, as I like to say… but at the same time it’s out of obligation…’.

PG7: ‘They never asked me if I wanted to look after the kids or not, it just sort of happened naturally. Little by little you see that they need help and you step up, but that’s normal. My daughter does check to see if I can take them on this day or that day, but my son calls and straight out tells me what we have to do, but it’s only natural, because if they are working I’ll take the kids and I do not mind’.

PG6: ‘Yes, it’s true, my grandmother was also there for me and my sisters, more than my parents, just like now it’s our turn to look after them, so we try to do the best we can, as far as possible, just like they did for us’.
 



3.2.2 Financial support

The issue of financial support was also discussed at this point. All participants were in agreement that if they did not take on the role of caregiver, their children would have to pay for external providers and this would have a negative impact on the family’s finances. However, some participants observed that although their children could afford paid childcare, it was they themselves who offered to look after their grandchildren, even when it was not financially necessary. Once again, this underlined the notion of caregiving being a family tradition.


PE2: ‘If I could not do it, they’d have to pay someone else to look after them, so if we can help our children, it’s the best thing we can do, and besides, it’s no hassle for me to look after my grandchildren, even if sometimes it’s really tiring or you do not feel well one day…’.

PG7: ‘I was the one who made the decision to take my granddaughter. I mean, who were they going to leave her with, a stranger? Well, I was happy to have her and I’m also saving them money because they are strapped for cash, so it’s good for them and it’s good for me too because I love hanging out with her’.
 



3.2.3 Barriers to caregiving that outweigh the reasons for caregiving

It was also noted that some of the participants, although willing to look after their grandchildren, found it impossible to do so. These were very old people with various health issues that prevented them from having the mobility to run after their grandchildren, or they were physically exhausted from the daily demands of caring for their own parents. They also reported facing challenges in using new technologies while providing care. There is a clear generation gap between grandparents and grandchildren, and grandparents often find it difficult to maintain control of such devices. This creates a communication gap that acts as a barrier when it comes to taking care of and supervising younger children.


PE8: ‘I have fibromyalgia and there are days when I cannot be with them, I’m stuck on the sofa, but my husband takes care of them and I try to do what I can’.

PG5: ‘After a hard day’s work, at my age, I’m worn out and guess what, I’ve got to look after them, there are days when I’d rather just crash when I get home, but I’ve got to look after them and that’s all there is to it’.

PE3: ‘They grab my phone and I do not let them, because then they put stuff on it that I do not know how to get rid of, so if they need a phone for something, they should use their parents’ phones when they are at home’.

PE6: ‘The trouble is, they just do not know how to play outside, they are glued to their phones all day and get bored if you tell them to do something else, so I give them an old mobile phone of mine to keep them entertained, but I do not really know what they are getting up to either’.
 




3.3 Theme 3: Significance of gender


3.3.1 Grandmothers bring up, grandfathers help out

Although it was clear from the conversations that it was the women who were responsible for raising and feeding the grandchildren, it was not until the specific question of ‘What tasks and/or activities do you do with your grandchildren?’ that this topic was properly explored. The women in the group were responsible for meals, homework and raising their grandchildren, while the men were responsible for dropping them off and picking them up from school, taking them to after-school activities, if necessary, as well as doing the grocery shopping as directed by their female partners. However, when it came to taking the children to the park, they either did this together or it was just the women.


PE1: ‘If they are sick, I take them to the doctor… the truth is that I’m more responsible for taking them to school and wherever they need to go, but my wife is the real caregiver, so I do not feel that responsibility that you are talking about… maybe it’s because you are women and you spoil them more and have to be on top of everything’.

PG6: ‘Because mine (husband) is oblivious to everything, they come to eat and the three of them get together and there I am in the middle of making lunch and the three of them are sprawled on the floor and so I pick them up and put them on the sofa, but not him, no… because he just shuttles them back and forth and I’m the one left doing all the heavy lifting’.

PE9: ‘In my house it’s more or less the same, I take them everywhere and my wife looks after meals and snacks, homework and all that, but sometimes you have to put your foot down because they do not want something or cannot be bothered to do something else…’.
 



3.3.2 Cultural burden of caregiving for women

Participants soon agreed that women were responsible for the more educational tasks, while men were in charge of the more fun activities. The men acknowledged that this was also a feature of their own parenting and that they continued in this way out of tradition. Moreover, the women also admitted that they were partly to blame for encouraging this type of behaviour because it was what they had been expected to do. It is also worth noting that both genders concluded that their children were more likely to communicate with the women (grandmothers) when it came to giving instructions on how to look after their own children. This further perpetuated the tradition that it is the role of women to look after young children.


PE4: ‘Maybe it’s our own fault, but hey, that’s the way it’s always been with us, so we go along with it, I’m always keeping an eye on them and my husband does the school run and goes shopping for whatever we need, but that’s as far as it goes’.

PE1: ‘But you are partly to blame for that (being on top of everything the grandchildren do) because you are always hovering over them and never let anyone else do anything, plus my wife cannot say no to my daughters either and is always there for them, no matter how tired she is’.
 




3.4 Theme 4: Implications of caregiving


3.4.1 Negative aspects of caregiving

All the participants expressed their joy at being grandparents. However, from the very beginning of the discussion on this topic, differences of opinion emerged between the joy of being grandparents and the obligation to take care of their grandchildren. Most participants reported that none of their children had consulted them about the possibility of becoming grandparents, bearing in mind the immediate impact it was to have on their lives. Participants agreed that their children did not ask if they were willing or able to look after their grandchildren, but simply took it for granted. This assumption had negative consequences at times, with some participants observing that caring for their grandchildren meant that they could not devote time to their own lives. This issue proved more controversial than the previous ones, with similar numbers of people in both groups saying that caring for their grandchildren sometimes felt like an unexpected burden. For example, it prevented them from enjoying age-appropriate leisure activities, or meant that they had to push their bodies to do physical activities that they were barely able to cope with by this point.


PE8: ‘It’s like I’m saying, becoming a grandmother for the first time was really exciting for me, but then of course you realise that you have to keep on taking care of them and I’m more tired when I come home from work, but well, they bring them to me in the afternoon and I’m happy to have them, although sometimes I say… Oh, how nice it would be if they did not bring them here this afternoon… I could have a chance to rest’.

PG10: ‘Even though I do not have much time and I’m tired, I really like being with my grandchildren, if I did not look after them, I might not see them or my children, so it suits me fine, although there are days when I’d rather not have them around and just rest… but hey ho, that’s what we have signed up for now, we’ll do other things when we can’.
 



3.4.2 Positive aspects of caregiving

At the same time, there was a group who, despite not having been asked if they were available to look after their grandchildren, insisted that it was a very positive experience for them because it kept them occupied and also forced them to stay physically active, admitting that otherwise they would not leave the house. On a positive note, they also commented that caring for their grandchildren had brought them closer to their children, as their relationship with their children was practically non-existent before they were asked to care for their grandchildren. However, this relationship was sometimes adversely affected when they were unable to agree on the rules and habits that the parents wanted to impose on their children while they were in the care of the grandparents.


PE2: ‘And even if we do not realise it, sometimes I’ve stopped to think and said “if it wasn’t for this, I’d be preoccupied with this, that or the next thing,” this way I do not worry about other stuff, I look at the little one and say “oh look, he’s scratched his face…”. it’s like the brain kicks into overdrive… He falls and hurts his knee, so suddenly you are like, “What happened to him, what did not happen to him?” Instead of watching the football in the afternoon, you are trying to find out what happened to the little guy, it’s like your mind switches gears and you become more active yourself…’;

PG7: ‘They can be a handful, but they also make you feel energised, and I’m a very happy Grandma to have them come here’.

PG4: ‘I do not feel like I’ve given up anything important to look after my grandchildren, I feel that taking care of them has given me a lot, more joy, more energy, I used to joke: “they have got me off my medication!” Because they are so much alike, I’ve had some tough summers, everyone to the beach, pool time, back home, shower them, then back to the beach in the afternoon… yes, since they were little, I’ve made them understand that this is your drawer, swimsuits off and into the bathroom!…’.
 

After several rounds of discussion, the participants agreed that if the grandparent was in good health, had no desire for leisure activities and did not spend more than 20 h a week caring for the grandchildren, then the impact of caring for them was positive. However, it was also agreed that if caregiving exceeded 15–20 h per week, or if the grandparent had health problems or wanted to engage in age-appropriate activities, then caregiving had a negative impact. Nevertheless, as discussed in the previous sections, they continued to do it anyway because it was the family tradition.





4 Discussion

The aim of this study was to explore grandparents’ experiences of being involved in the upbringing and care of their grandchildren and to determine how this affects their health-related quality of life. Our key findings show that there is more to grandparental childcare than merely providing supervision, but that it also involves the transmission of values, education, role-sharing and both a positive and negative impact on their lives.

As in other studies (24, 25), our findings show how grandparents not only look after the young children when the parents are not around, but also have to take responsibility for their upbringing and set standards equivalent to those they set for their own children. In this way, the grandparent figure acts as a role model, providing valuable advice and giving their grandchildren a sense of history and continuity (26).

Taking on this new role affects their relationship with their children as they struggle to reconcile their own parenting models with the parenting styles advocated by their children (27, 28). In effect, they can be said to be exercising their role not as grandparents but as parents, albeit taking into account their children’s recommendations. This means setting clear boundaries with them in a way that does not disrupt family harmony and is compatible with the parenting model of both generations when it comes to looking after grandchildren (16, 29). This role reversal can be a source of stress when caring for grandchildren. Grandparents may disagree with their children’s parenting advice and instead choose to use the same parenting model with their grandchildren that they used with their children (30).

A specific example of this would be nutrition and feeding, a responsibility that often falls to grandparents. While they are aware of and agree on the importance of instilling healthy eating habits, they take issue with their children second-guessing their judgement and dispensing instructions and “orders” about what the grandchildren should eat (31). However, most grandparents agree that their grandchildren eat better with them because they spend more time preparing meals, from grocery shopping to cooking. They often make concessions for their grandchildren that they would not have made for their own children, such as letting them indulge in unhealthy treats. This is also consistent with the literature, which supports the idea that parental feeding practices and rules–and the resulting habits of grandchildren–can sometimes hinder their efforts to promote healthy eating. Similarly, grandchildren may be reluctant to accept new foods because they expect to be served the same foods they eat at home with their parents (32, 33).

Another theme that emerged from our data is the belief that caregiving is seen as a tradition rather than a duty or obligation. In the context of the traditional family, caregiving is regarded as an expression of love, help and support for other members of the wider family (34). This support takes the form of helping their children financially, even if they can afford paid carers. This idea is supported by the existing literature, which suggests that grandparents whose children are less well-off assume even more caregiving hours and responsibilities (25, 35). However, despite these motivations and family traditions, our sample shows that there are limitations and barriers to caregiving when grandparents face age-related physical problems and difficulties using new technologies. These challenges can even affect communication and relationships with their grandchildren (36, 37).

Gender differences are also evident, in line with much of the literature (38). Grandmothers tend to play more of an educational role (meals, homework, childrearing, etc.), while grandfathers are responsible for more practical or recreational activities (ferrying children to and from school and/or after-school activities, going to the park, etc.). These gender differences in the division of childcare responsibilities are a widespread phenomenon internationally, with several aspects having been documented. Firstly, there is a gender gap in terms of the time grandmothers spend caring for their grandchildren compared to grandfathers, even when they live together. Secondly, the gender disparity is reflected in the different tasks assigned to each role (39, 40).

A further theme that emerged from our findings was the perceived consequences of grandparental care. In terms of the negative consequences, we found that the groups in our study referred to the sense of obligation involved in caregiving, with it being less of a voluntary choice and more of an imposition that was taken for granted. This is compounded by the feeling of not being able to focus on their own lives and the impossibility of pursuing leisure activities or other projects (41). However, there are positive aspects related to keeping grandparent carers active and mobile (42–44). It is emphasised that these positive outcomes are more pronounced when grandparents are in good health, when there is no desire to pursue leisure activities, and when the number of hours of childcare is <20 per week. This adds to findings from empirical studies in other countries, which have found positive associations between non-intensive grandparenting and better health outcomes (45–47). However, due to the heterogeneity of the research models used in these studies, it is not possible to state categorically whether caring for grandchildren has positive or negative consequences without taking other factors into account (48).


4.1 Limitations

The data analysed in this study reflect the lived experiences of a group of grandparents who provide care for their grandchildren. Looking at this from the perspective of experiential learning within a specific population means that no overall generalisations can be made. The findings presented must be considered in the context of the limitations of this study. Firstly, this study is based on data collected on grandparental childcare at a single point in time, without standardising the length of time spent providing care or the number of grandchildren cared for. It may be of interest for future lines of research to explore the point at which someone becomes a grandparent caregiver for the first time. The sample consisted of 19 people, so a larger sample may be able to provide a more complete insight into caregivers’ experiences. However, our sample represents a range of grandparental childcare experiences at different stages of caring for grandchildren. Therefore, our findings are transferable to other caregivers. Despite its limitations, this study may be useful in helping to understand the perspectives of grandparent caregivers. It provides preliminary evidence that can be used to develop culturally sensitive support programmes or interventions for caregivers in this context.




5 Conclusion

Our qualitative study describes the lived experience of grandparents providing care for their grandchildren and explores how this affects their quality of life. It shows how caring for grandchildren obliges them to reassume a parenting role and to oversee the upbringing of their grandchildren in the broadest sense. Grandparents also have to contend with family dynamics and the physical and mental aspects of ageing. However, there is a need for further research into the relationship between grandparental care and grandparents’ health, and the relationship between grandparents’ health and that of their grandchildren, from the perspective of grandparents’ own lived experience. It would therefore be advisable for health professionals to take into account the experience of grandparent caregivers and the process of caring for young children when developing inclusive policies for this population of caregivers.


5.1 Implications for practice

The findings of this study have important theoretical and practical implications. From a theoretical standpoint, this study adds to the existing literature by highlighting the central role that grandparent caregivers play within the family structure and shedding light on the complex dynamics involved. In practical terms, our findings underline the need to recognise the social contribution of older people in supplementing childcare and supporting family development. Politicians and public institutions should provide social support to older people who care for their grandchildren, encouraging them to maximise the benefits for the family and to support their own healthy ageing process. It is also important for older caregivers to recognise the contribution they can make to the development of their children’s families. Moreover, cultivating positive attitudes towards ageing is essential for healthy ageing, which may be achieved through their active participation in society.
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Background: The right attitude of health professionals (mainly doctors) towards patients—particularly older ones—determines patients’ level of illness acceptance and quality of life. The aim of the study was to assess patient expectations of health professionals and quality of life among residents of Płock (Poland) aged 55 and over in relation to sociodemographic variables and to examine correlations between these patients’ expectations and their quality of life.
Methods: The study included 2040 adults aged 55 and over, with 68.9% being women. A diagnostic survey was used, incorporating sociodemographic questions and two standardized scales: the Patient Request Form (PRF) and the 36-Item Short Form Health Survey (SF-36). This cohort study utilized a multi-stage sampling method, with data collected through a diagnostic survey. Data analysis incorporated ANOVA, post-hoc Fisher’s LSD tests, and Pearson’s correlation to assess relationships between variables.
Results: Statistically significant differences were observed between male and female respondents in their expectations of health professionals. Women reported higher scores than men across all three PRF scales, including emotional support (4.85 vs. 4.35, p < 0.05), test- and treatment-related information (7.41 vs. 6.81, p < 0.05), and explanation of the illness (6.89 vs. 6.47). A low but statistically significant correlation was found between age and expectations for emotional support (r = 0.162, p < 0.001), as well as test- and treatment-related information (r = 0.122, p < 0.001). Respondents with secondary/post-secondary education reported the highest expectations for explanation of the illness (mean = 7.06) and test- and treatment-related information (mean = 7.64). Meanwhile, respondents with lower education levels, especially those with primary or vocational education, reported the highest expectations for emotional support (mean = 4.93). The average QoL score measured by the SF-36 was 63.45 (SD = 17.68), indicating moderate-to-high overall QoL. The mental component summary score (mean = 65.07, SD = 19.69) was slightly higher than the physical component summary score (mean = 62.70, SD = 18.06). Age was negatively correlated with QoL scores, particularly in the physical component (r = −0.407, p < 0.001). Education level positively influenced QoL, with respondents holding tertiary education reporting the highest QoL scores.
Conclusion: What the older adults included in our study expect most from health professionals is full and ac-curate medical information, particularly information about their health. Overall, the respondents reported moderate, bordering on high, quality of life. The quality of life of the respondents and their expectations of health professionals were influenced by sociodemographic characteristics, and in particular sex, age and education level.
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1 Introduction

Nowadays, older people are a growing population with special needs related to significant advancements in science and technology, including in particular developments in medical diagnostic and treatment methods, and growing health awareness among people in this age group (1). The increasing proportion of older people in society poses a challenge for public health (2). As in many other countries around the world, the population of Poland is ageing rapidly. The latest demographic figures show that more than 6.7 million (17.5%) people in Poland are aged 65 or over (3). According to projections, by 2060 Poland will have one of the oldest populations in Europe (4). Płock, located approximately 115 km from Warsaw, had a population of 113,660 as of December 31, 2022. Among its older adults residents, females represent over 67% of the population aged 65 and older for men, and 60 and older for women (5, 6). This demographic imbalance highlights significant challenges for healthcare services, particularly in addressing the differing health expectations and needs of the predominantly female older adults population. These demographic shifts pose a considerable challenge to public health infrastructure, particularly in smaller cities like Płock, where the demand for healthcare services for older adults is rising (7).

Quality of life is an important factor in determining health status; in the case of older individuals, a number of physical aspects of quality of life, such as the energy to be physically active, absence of pain and ability to perform daily activities, are particularly important. The extent to which individual domains of quality of life are affected varies and depends on the environment, preferred lifestyle and degree of decline in capacities (8, 9). The concept of quality of life can be analysed from different perspectives, viewing it as multidimensional (9) in such a way that it can only be measured and described in individual terms of both objective circumstances and subjective assessments. The latter depend on the assessments and interpretations made by individuals about particular situations and conditions of the environment in which they function and on the individuals’ attitude towards adverse situations and their satisfaction with themselves and their lives (9, 10). A distinction has been made between general quality of life and health-related quality of life (HRQoL). The term ‘general quality of life’ encompasses an individual’s wellbeing and happiness and does not refer to health problems or other disorders, whereas HRQoL is part of a multidimensional approach where special focus is given to the functional consequences of the illness and its treatment for physical, psychological and social functioning (11). Understanding the associations between biological ageing, factors specific to individuals and the dimensions of quality of life is important for planning services and interventions to enhance quality of life in older individuals (12).

Given their health needs, older adults require regular appointments with health care professionals. The right attitude of health professionals (mainly doctors) towards patients—particularly older ones—determines, among other things, the patients’ level of illness acceptance and quality of life. Therefore, interactions between a patient and a health professional should include, in addition to the direct provision of health care services, provision of information about the patient’s health status, course of their illness, its treatment and types of possible side effects and, most importantly, should result in the establishment and maintenance of emotional contact through empathy and kindness in direct relations between the patient and the health professional. The quality of the interactions is important in the recovery process as it plays a major role in helping the patient develop the right attitude to their illness and treatment and has an impact on the patient’s mental wellbeing and motivation to manage their illness. Active contact between the patient and their doctor helps the patient feel more secure and place more trust in their physician and thus increases the patient’s motivation to adhere to treatment (13, 14). Studies on patients’ expectations of health professionals are an important but underrated niche within research on the quality of life of older adults. One issue that has not been examined and described in detail in the literature so far is the experience of older individuals with healthcare professionals, and in particular the attitude of health professionals towards older patients. To our knowledge, this is the first study on the subject in Poland to include such a large cohort of respondents and examine relationships between older patients’ expectations of health professionals and their quality of life.

While the general concept of quality of life among older adults has been explored, little attention has been given to the specific expectations older patients have towards healthcare providers, particularly regarding communication, empathy, and provision of medical information (5, 8, 9). The aim of the study was to assess patient expectations of health professionals and quality of life among residents of Płock (Poland) aged 55 and over in relation to sociodemographic variables, such as sex, age and education, and to examine correlations between patients’ expectations and their quality of life. The specific expectations assessed in this study include communication, empathy, professionalism, and the provision of medical information, measured using the Patient Request Form (PRF), alongside health-related quality of life (HRQoL) indicators. The cohort study design was chosen as it allows for the comprehensive analysis of the relationships between patients’ expectations and quality of life over time, capturing both sociodemographic influences and potential changes in health perceptions.



2 Materials and methods


2.1 Participants and study design

The study employed a cross-sectional design, where data were collected at a single point in time without longitudinal follow-up of participants. The study was conducted between January and November 2022. Respondents were recruited in three stages. In the first stage, 2,253 individuals gave their consent to participate in the study. Participants were recruited from the members of the Płock University of the Third Age and patients of primary health care surgeries in Płock—a town of 113,660 inhabitants (as at 31 December 2022) in the Mazovia Province located approximately 115 km from Warsaw, capital of Poland (12). The minimum required sample size for our study was determined to be 383, taking into account the available population and a 95% confidence level. This calculation was based on demographic data from Poland up to the year 2020 (6, 7). In the second stage, the Mini Mental State Examination (MMSE) was performed on all participants. All individuals with an MMSE score of between 27 and 30 (n = 2,102; 93%), indicating the absence of cognitive impairment, were included in the next (proper) stage of the study. The inclusion criteria were as follows: age ≥ 55 years; individuals residing or domiciled in Płock; absence of cognitive impairment (as assessed by the MMSE).

All individuals who met all the inclusion criteria chose whether to complete the survey on paper, at the place where they were recruited or at home, or electronically. The electronic survey was prepared and hosted on the LimeSurvey platform (LimeSurvey GmbH, Hamburg, Germany, with responses securely transmitted using encrypted connections to protect participant privacy. Paper surveys were manually entered into the system by authorized personnel, ensuring consistency and confidentiality during data transfer. All data were stored on secure servers with restricted access, limited to designated research staff. To ensure participant confidentiality, the data were anonymized prior to analysis, and only aggregate, non-identifiable data were used in the final analysis. We then reviewed the questionnaires received for completeness. Incomplete questionnaires were excluded from the analysis. A total of 2,040 fully completed questionnaires (97%), 1,406 of which (68.9%) were completed by women, were included in the analysis. The study employed a cohort design, with data collected at a single point in time without longitudinal follow-up.



2.2 Measures

The study was conducted using a diagnostic survey by means of our own survey questionnaire including sociodemographic questions and two standardised psychometric scales: the Patient Request Form (PRF) and the 36-Item Short Form Health Survey (SF-36).

The PRF is a self-report instrument. Its Polish version consists of 18 statements about the reasons for wanting to visit a general practitioner. Respondents are asked to rate each statement for how much it applies to their visit to their doctor. The statements are aggregated into the following three factors: expectations for explanation of the illness, expectations for emotional support and expectations for test- and treatment-related information. Expectations for explanation of the illness are related to seeking assistance from specialist doctors, whereas expectations for test- and treatment-related information are related to seeking assistance from health services. Expectations for emotional support are related to attaching importance to psychological and psychiatric counselling and assistance. Respondents are asked to rate how much each statement applies to their visit by choosing one of three answers: ‘agree’, ‘uncertain’ and ‘disagree’. All statements must be rated. The questionnaire takes on average not more than 10 min to complete. ‘Agree’ is scored as 2, ‘uncertain’ is scored as 1 and ‘disagree’ is scored as 0. The questionnaire yields a separate score for each of its three scales. Each scale has a possible score range of 0 to 12. The higher the score, the higher the level of expectation for a given type of assistance (15, 16).

The 36-Item Short Form Health Survey (SF-36) is a self-report instrument designed to measure subjective health status. It consists of 11 questions and 36 items generating 8 dimensions: physical functioning (I), role limitations due to physical health problems (II), bodily pain (III), general health (IV), vitality (V), social functioning (VI), role limitations due to emotional problems (VII) and mental health (VIII). The dimensions can be aggregated into two summary measures—the physical component summary scale (dimensions: I, II, IV, VIII; maximum possible score: 103) and the mental component summary scale (dimensions: III, V, VI, VII; maximum possible score: 68). The instrument produces a total SF-36 score (maximum possible score: 171) which is calculated as the sum of all 8 dimension scores and is a measure of overall health status. The higher the score, the higher the quality of life. For the purpose of comparative analyses, scores on the SF-36 were transformed into a 0–100 scale. The internal consistency of the subscales of the SF-36 for the general population is 0.78–0.93 (17–20).



2.3 Procedure and ethical considerations

The study was carried out in accordance with recommendations and was reviewed and approved by the Bioethics Committee of the Mazovian Academy in Płock (statute no. KB/N/BN/P/1.2021). All participants gave their written informed consent in accordance with the Declaration of Helsinki.



2.4 Statistical analysis

Statistica 10.0 (StatSoft Polska Sp. z o.o., Kraków, Poland) and PQStat (PQStat Software, Poznań, Poland) were used to analyse the data collected. Descriptive statistics for continuous variables were reported as means (M), standard deviations (SD), medians (Me), minimum values (Min.), maximum values (Max.), lower quartiles (Q25) and upper quartiles (Q75). Categorical variables were reported as frequencies (N) and percentages (%). Differences in one variable between three or more groups were examined using one-way ANOVA. Fisher’s LSD post-hoc test was used to determine which groups differed. Relationships between quantitative variables were tested using Pearson’s correlation. Statistical significance was set at p < 0.05.




3 Results


3.1 Respondents’ characteristics

The study included 2,040 respondents, the majority of whom were women (68.9%). The mean age of respondents was 65.4 years, with men being slightly older than women (66.87 vs. 64.8 years, p < 0.001). The largest proportion of respondents were aged between 60 and 75 (52.6%), and the smallest proportion were over 90 (1.2%). Most respondents had secondary or basic vocational education (56.4%), while a small fraction had no or incomplete primary education (2.4%). The majority of respondents were retired (54.5%) or employed (34.7%), with the smallest groups reporting self-employment or other specific statuses (0.2% or less). The mean duration of employment was 35.0 years, significantly longer for men than women (37.8 vs. 33.8 years, p < 0.001). Table 1 provides detailed sociodemographic characteristics of the respondents.



TABLE 1 Respondents’ sociodemographic characteristics.
[image: Table displaying sociodemographic characteristics with columns for characteristic, number (n), and percentage (%). Categories include sex, age, education, social and professional status, and source of income. Majority are female (68.9%), aged 60 or under (32.5%), have secondary education (28.6%), are old-age pensioners (54.5%), and main income source is old-age pension (40.7%).]



3.2 Patients’ expectations of health professionals (PRF)

Respondents reported the highest scores for expectations for test- and treatment-related information (M = 7.22), and the lowest scores for expectations for emotional support (M = 4.69). Descriptive statistics for scores for the three types of expectations of health professionals (factors) measured by the PRF are shown in Table 2.



TABLE 2 Descriptive statistics for the PRF.
[image: Table displaying factors related to patient expectations with statistical data: "Expectations for explanation of the illness," "Expectations for emotional support," and "Expectations for test- and treatment-related information." Each factor lists values for sample size (2040), arithmetic mean, standard deviation, minimum, maximum, lower quartile (Q25), median (Me), and upper quartile (Q75). Values range from 0.0 to 12.0 in various columns.]

Statistically significant differences (p < 0.05) were found between male and female respondents, with women reporting higher scores than men for all three types of expectations measured by the PRF. A low but statistically significant correlation was observed between age and expectations across all scales, with respondents aged 76–90 and 61–75 reporting the highest scores, and those over 90 reporting the lowest. Additionally, a weak correlation was found between education level and expectations, with respondents with secondary or vocational education scoring highest for explanation of illness and test- and treatment-related information, while those with tertiary education scored lowest. Table 3 provides detailed information on the relationships between sociodemographic factors and expectations.



TABLE 3 PRF scores by sociodemographic variables.
[image: A table showing expectations for medical information and support based on sex, age, and education. Categories include explanation of illness, emotional support, and test-related information, with metrics for mean, standard deviation, and median.]



3.3 Quality of life (SF-36)

The respondents’ mean total SF-36 score was 63.45, indicating a moderate to high quality of life, with moderate variation in scores (SD over 27% of the mean). The mental component summary score (M = 65.07) was slightly higher than the physical component summary score (M = 62.70), with both scores falling in the moderate range. Respondents scored highest in the physical functioning (PF) and social functioning (SF) dimensions, and lowest in vitality (VT) and general health (GH). Most respondents (59.9%) reported high quality of life, while 29.2% reported moderate and 10.9% low quality of life. Table 4 provides detailed SF-36 scores and their distribution.



TABLE 4 Descriptive statistics for the SF-36.
[image: A table presenting the SF-36 health survey scores for 2,040 participants, showing various factors including total score, physical and mental component summaries, with columns for mean, standard deviation, minimum, maximum, quartile values, and median. Factors include physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health.]

No statistically significant difference (p > 0.05) was found in quality of life scores between male and female respondents, though women had slightly higher total and mental component summary scores, while men had slightly higher physical component summary scores. A moderate negative correlation was found between age and total SF-36 and physical component summary scores, while a weak negative correlation was observed between age and mental component summary scores. Respondents aged 60 or under had the highest total, physical, and mental component summary scores, while those aged over 90 had the lowest. Additionally, a weak correlation was found between education level and quality of life scores, with respondents with tertiary and secondary/post-secondary education reporting the highest SF-36 scores, and those with primary or lower education reporting the lowest.

Table 5 provides detailed information on the correlations between sociodemographic variables and SF-36 scores.



TABLE 5 SF-36 scores by sociodemographic variables.
[image: A table presents SF-36 health survey scores categorized by sex, age, and education level. Columns display total score, physical, and mental component summary scores, with values for mean (M), standard deviation (SD), and median (Me). Scores vary among categories, indicating diverse health perceptions.]



3.4 Correlations between patients’ expectations of health professionals and their quality of life

There was a statistically significant correlation between expectations for explanation of the illness and several SF-36 dimensions, including physical functioning (PF), bodily pain (BP), social functioning (SF), general health (GH), and the total SF-36 score. Higher expectations for explanation of the illness were associated with higher scores for general health, social functioning, and mental health (MH), but lower scores for physical functioning, role limitations (RP), and bodily pain. A medium correlation was observed between expectations for emotional support and physical functioning and total SF-36 scores, with higher expectations for emotional support associated with lower scores across all SF-36 subscales. Expectations for test- and treatment-related information were also correlated with physical functioning, social functioning, and mental health, with higher expectations linked to better social functioning, mental health, and vitality, but poorer physical functioning and bodily pain. Table 6 provides detailed correlation data.



TABLE 6 Correlations between scores for expectations for explanation of the illness, expectations for emotional support and expectations for test- and treatment-related information and scores on the SF-36.
[image: Table displaying correlations between patients' expectations and various health survey factors. Factors include explanations of illness, emotional support, and test-related information, compared across SF-36 dimensions like PF, RP, BP, GH, VT, SF, RE, MH. Each cell contains Spearman’s rank correlation coefficients (r) and p-values, with asterisks marking statistical significance.]




4 Discussion


4.1 Expectations of health professionals

The present study showed that what the Płock residents aged 55 and over surveyed expected most from health professionals was test- and treatment-related information (mean score on the PRF: 7.22 ± 4.809), followed by explanation of the causes and consequences of their illness (mean score on the PRF: 6.76 ± 4.638). The least commonly reported expectations were for emotional support (mean score on the PRF: 4.69 ± 4.263). These findings are largely consistent with those from other studies in the literature. In a study by Kurowska et al. (21), which was conducted using the Polish version of the PRF, the patients included in the study reported the highest scores for expectations for explanation of the illness (mean score: 9.02 ± 3.385) and expectations for information about tests and treatment (mean score: 9.0 ± 3.811). The respondents reported the lowest scores for expectations for emotional support (mean score: 4.72 ± 3.957). Similarly, in a study by Cieślak et al. (22), the most commonly reported expectations were for explanation of the illness and information about tests and treatment, and the least commonly reported expectations were for emotional support. Similar results were reported by Cybulski et al. (23) in their study using, among other instruments, the Polish version of the PRF. The older adults included in the study were least likely to seek emotional support (mean score: 5.11 ± 4.01). Expectations for explanation of the illness were more commonly reported (mean score: 7.79 ± 4.02). The most commonly reported expectations were for information about tests and treatment (mean score: 8.07 ± 3.87). It can be concluded that the respondents in our study and those included in the studies referred to above were most likely to seek explanation of their illness and information about tests and treatment and least likely to seek any type of emotional support from health professionals. Our findings are consistent with the broader trend observed in similar studies, which indicated that older patients tend to prioritize clear communication and detailed information about their health condition and treatments (18). These expectations are likely driven by the complexity of the medical conditions experienced by older adults, particularly chronic diseases, which necessitate a deeper understanding of medical information to facilitate informed decision-making. On the other hand, the relatively lower emphasis on emotional support suggests that older adults may seek such support elsewhere or may not expect it as part of their interactions with health professionals. This aligns with research by Cybulski et al., who found that older patients prioritize practical information over emotional reassurance, which may be perceived as secondary to their primary medical concerns (23).

In their study using the Polish version of the PRF, Rotter et al. (24) reported a low overall level of expectation for emotional support among the primary care patients studied (mean score: 3.69 ± 0.38). The score for expectations for emotional support reported by the authors was lower compared to that reported in the present study. However, different results have also been reported in the literature. In one study among Lithuanian primary care patients, the ‘emotional support’ factor was found to be one of the four main factors of patients’ expectations (25), whereas in a study by Kurpas et al., the percentage of individuals who felt that their expectations for emotional support from a general practitioner were met was similar to the percentage of individuals who felt they did not receive such support (26).

A study by Kurowska et al. (21) showed that female respondents, respondents aged 41–50, respondents aged over 60 and those with primary or vocational education were more likely to seek explanation of their health problem, emotional support and information about tests and treatment. Similarly, in a study by Cybulski et al. (23), female respondents and respondents aged between 60 and 69 reported higher scores on the PRF.

The present study showed statistically significant differences between men and women in scores for expectations for emotional support and expectations for information about tests and treatment. Different results were reported by Rotter et al. (24), who did not find a statistically significant difference between female and male patients in the extent to which they sought emotional support from their primary care physicians. However, the authors found that the older the patients included in the study were, the more likely they were to seek emotional support and that there was a statistically significant difference (p < 0.05) between young individuals and patients in two older age groups in the extent to which they expected emotional support from their primary care physician. A similar finding was made in the present study. Scores for expectations for emotional support increased with age among respondents aged 90 or under. However, respondents aged over 90 had the lowest scores on this scale of the PRF. This may be due to the fact that the proportion of respondents aged over 90 in our study was relatively small and was smaller than proportions of respondents in other age categories. The study by Rotter et al. (24) also found a statistically significant relationship between education and expectations for emotional support. Patients with tertiary education reported the lowest scores on the ‘expectations for emotional support’ scale of the PRF, whereas patients with vocational or primary education reported the highest scores on the scale (p < 0.05). The same correlation was observed in the present study. In addition, we found that the lower the education level of respondents, the more likely they were to seek emotional support from health professionals, which is consistent with findings from the study by Rotter et al. (24). There may be several reasons for the significant relationships between sociodemographic factors, particularly age and education, and patients’ expectations of health professionals. The main reason may be that older adults tend to have multimorbidity—they have more health problems than younger individuals and are more likely to be affected by pain. Moreover, they have difficulties in accessing health care. As a result, they have increasing expectations in all the three areas analysed. Older individuals who are lonely and have no peer-aged friends or loved ones who could provide them with emotional support seek such support from health professionals, particularly general practitioners, whom they often trust and even consider friends. Further research is needed to explore whether these expectations are shaped by personal experiences with healthcare or broader societal trends. For example, older adults with lower education levels may feel less empowered to seek detailed medical explanations, relying more on healthcare professionals for emotional support. Conversely, individuals with higher education levels may have greater health literacy, enabling them to independently understand medical information, which reduces their reliance on emotional support from healthcare providers.



4.2 Quality of life

Our analysis of the results of the SF-36 showed that the older age Płock residents included in the present study reported the highest scores for the physical functioning (PF) and social functioning (SF) dimensions, and the lowest scores for vitality (VT) and general health (GH). In a study by Lövkvist et al. (27) among Swedish women with endometriosis, the participants reported significantly lower scores on the subscales of the SF-36, particularly on the vitality (VT), role physical (RP) and general health (GH) subscales. In a study by Payne et al. (25), respondents reported the highest scores for social functioning (SF) and mental health (MH), and the lowest scores for vitality (VT) and physical functioning (PF). The Tehran residents aged 55 and over included in a study by Tajvar et al. (28) reported the highest scores for bodily pain (BP) and social functioning (SF), and the lowest scores for role limitations due to physical health problems (RP) and role limitations due to emotional problems (RE). The scores reported in that study were significantly lower compared to those reported in the studies referred to above. In a study by López-Ortega et al. (29), the older individuals included in the study reported the lowest scores for vitality (VT), general health (GH) and mental health (MH), and the highest scores for role limitations due to emotional problems (RE), role limitations due to physical health problems (RP) and social functioning (SF). Similar findings were reported in studies by Polish authors. In a study by Knapik et al. (30), the older adults surveyed reported the highest scores for social functioning (SF) and physical functioning (PF), and the lowest scores for role limitations due to physical health problems (RP) and general health (GH). In a study by Mirczak (31) among older people living in rural areas, study participants reported the highest scores for the role emotional (RE) and mental health (MH) dimensions of the SF-36, and the lowest scores for the physical functioning (PF) and role physical (RP) dimensions of the questionnaire. Findings from the present study show that the older adults surveyed reported significantly higher scores for the physical domain than for the mental domain of HRQoL. One exception were respondents living in rural areas, who reported higher scores for the mental domain than for the physical domain.

Our study showed no significant difference in quality of life between male and female respondents (the scores reported by men and women were almost identical). Men reported slightly higher physical component summary scores. In a study by Mirczak et al. (31), the authors found significant differences between male and female respondents in the physical functioning domain of HRQoL, with men reporting higher scores for this domain. Most studies in the literature on the subject show that women tend to report poorer HRQoL than men (32–36). In a study by López-Ortega et al. (32), female participants reported lower scores in all dimensions of the SF-36, apart from general health, with the largest difference seen in the physical functioning dimension. Differences between men and women in scores for physical functioning, vitality and bodily pain were statistically significant (p ≤ 0.01). The fact that women report poorer HRQoL may be due to their anatomical, physiological and psychosocial characteristics (37, 38). In their study, Guallar-Castillón et al. (33) noted that the fact that the women included in their study reported lower quality of life scores than men may be due to the female participants having a lower educational level and a higher BMI and engaging in less physical activity compared to male participants.

In line with previous research, our study found a relationship between the quality of life of older adults and their age and education (39–41). Similarly, López-Ortega et al. observed a decline in quality of life with age, with significant differences between respondents aged 80 and above and younger cohorts, particularly in the physical functioning and role physical dimensions (29). Moreover, studies such as Aghamolaei et al. (36) support our findings that higher education is associated with better overall quality of life, emphasizing the role of education in shaping health outcomes and perceptions among older adults. We found that quality of life as measured by the SF-36 decreased with age and increased with increasing education and that there was a statistically significant low correlation between the level of education of the respondents and their total SF-36 scores (p < 0.001), physical component summary scores (p < 0.001) and mental component summary scores (p < 0.001). Similarly, in a study by López-Ortega et al. (29), scores in all dimensions of the SF-36 decreased with age, with the largest differences seen between respondents aged 80 and over and other age groups. The study found statically significant differences between age groups in scores for the physical functioning (p < 0.05), role physical (p < 0.001), bodily pain (p < 0.001) and general health (p < 0.05) dimensions.

Our results are consistent with the findings of Kurowska et al., which showed that older patients, particularly women, tend to have higher expectations for clear communication and medical information (21). However, Rotter et al. (24) did not observe significant gender differences in emotional support expectations, suggesting that patient demographics and cultural factors might influence these expectations differently across populations.



4.3 Limitations

Our study has certain limitations. Firstly, our findings are based on the assessment of the subjective feelings of the older adults surveyed. The study used standardised scales, which are sensitive research tools. However, they are based on the self-report of subjective feelings, as opposed to objective criteria, which can result in false positive findings. Secondly, even though our sample was large, it included residents of only one city. Therefore, it is difficult to apply the results of the study to the general population of older people in Poland, and it is even more difficult to apply them to the population of older people living in rural areas. Thirdly, women were overrepresented in our study. Therefore, our findings should be tested in a study including an equally large group of men. However, the majority of the population of older people in Poland are women (older women are overrepresented compared to older men), which is a significant problem. Despite these limitations, our findings may serve as a starting point for further research on satisfaction with life and preferred behaviours among older people in Poland and their sociodemographic characteristics. Ideally, the research should have the form of a longitudinal nationwide study.




5 Conclusion

A number of important conclusions can be drawn from the present study on Polish older adults’ expectations of health professionals and their quality of life. The study showed that what the older adults surveyed expect most from health professionals is accurate medical information, particularly information about their health. Respondents in our study reported moderate, bordering on high, overall quality of life. Specifically, females and younger respondents reported significantly higher expectations for clear communication and emotional support compared to males and older respondents. Likewise, individuals with tertiary education demonstrated a notably higher quality of life, particularly in the mental and physical health domains, compared to those with lower educational levels. These findings suggest that sociodemographic characteristics play a key role in shaping expectations towards healthcare professionals and perceptions of quality of life. We found that the quality of life of the older adults surveyed and their expectations of health professionals were influenced by sociodemographic variables. Female respondents, younger respondents and respondents with tertiary education reported a higher level of expectations and higher quality of life. One exception were respondents aged 76–90, who reported the highest level of expectations. There was a statistically significant correlation between the respondents’ scores for expectations for explanation of the illness and expectations for emotional support and their overall perceived quality of life. Our findings highlight the need for further more in-depth research on a larger scale in Poland to gain a better understanding of the phenomena and their possible correlations.



6 Practical implication and future direction

These results emphasize the importance of adapting healthcare communication strategies to meet the diverse needs of older patients. Women and individuals with lower educational levels may benefit from enhanced emotional support during interactions with healthcare professionals, whereas those with tertiary education may require more comprehensive and detailed medical information. By recognizing and addressing these varying expectations, healthcare providers can improve patient satisfaction, increase adherence to medical recommendations, and ultimately enhance the overall quality of care for older adults. Future research should investigate how these findings generalize to different regions of Poland, particularly rural areas, where access to healthcare and patient expectations might differ. Additionally, longitudinal studies are needed to explore how patient expectations and quality of life evolve over time, especially as health conditions change and as older adults continue to interact with healthcare systems.
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Background: Adverse childhood experiences (ACEs) influence depressive symptoms. Depressive symptoms were heterogeneous from the perspective of life course.
Objective: To explore the effects of ACEs on the trajectory of depressive symptoms in China.
Participants: The data is from the 5 waves of the China Health and Retirement Longitudinal Study (CHARLS) and the 2014 Life Course Survey of it. A total of 17,106 individuals were included, without the people younger than 45 years.
Methods: We dealt with the missing values using multiple interpolation. The CESD-10 and a 12-item questionnaire was used to assess the depressive symptom and ACEs, respectively. We used group-based trajectory modelling (GBTM) to identify the 10-year depressive-symptoms. Logistic regression models were used to explore associations between the trajectory and the ACEs.
Results: Five depressive-symptom trajectories were identified based on the GBTM analysis (BIC = 540533.61; AIC = 540347.68; n = 17,106). Compared to the participants without depressive symptoms, the older adults who have more adverse childhood experiences have more odds of being in the other four groups, and the more ACEs the older adults experienced, the more likely it is.
Conclusion: The 10-year depressive-symptoms trajectories among middle-aged and older adults in China were different from previous features. The significance of a life-course intervention plan to prevent childhood adversity and the related mental health damage in later life is demonstrated by the long-term influence of ACEs on depressive symptoms.
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1 Introduction

With the gradual decline in fertility and the gradual increase in life expectancy, the proportion of older people in world is increasing. As an important part of the healthy aging strategy, mental health has been a hot research issue in the field of aging health (1). Since depression is one of the most prevalent mental illnesses and the second largest cause of disability globally (2), we need to pay special attention to depressive symptoms in the field of public health, which are the precursors of clinical depression. Depressive symptoms in older adults are associated with adverse consequences of multiple health outcomes (3), seriously affecting the social participation of the older adults, and impairing their social function, which ultimately increases the country’s health care burden (4). China is a large country with rapid development of aging, the depressive symptoms of Chinese older adults need urgent attention.

More and more ageing research was conducted from the perspective of life-course, which emphasize the importance of an accumulation of exposure of risk and the impact with age (5). Childhood is the critical period of development and growth in life. Adverse childhood experiences (ACEs) refer to various abuse experiences occurring during childhood or adolescence and influence the health (6). Being in a disadvantaged position in childhood will not only affect the development of the childhood (7), but also affect the health status in the middle and late adulthood (6, 8, 9).

Felitti’s team was the first to explore the association between adverse childhood experiences and depression risk (6). The effect of ACEs on depression in later life has been found in countries of all income levels, according to cumulative data (10, 11). Furthermore, a meta-analysis (12) revealed that compared to the people who did not experience ACEs, those who experienced more than there ACEs had a fourfold increased risk of depression. Research (13) has demonstrated that exposure to ACEs has a detrimental impact on people’ mental health and may increase their chance of developing depression. According to data from a recent study (14), early stressors can have a negative impact on mental health that lasts into old age. A research studying (15) the relationship between adverse childhood experiences and the sick age of bipolar disorder found that the age of illness significantly decreased with the occurrence of adverse childhood experiences. Another study (16) also indicates that the greater the number adverse childhood experiences were associated with an earlier age of mental illness. ACEs may worsen depressive symptoms in later life if the serious physiological and psychiatric illnesses were unsolved. In light with the previous study (16, 17), we included 12 ACEs from CHARLS, because the most widely used 10-item ACEs from the CDC–Kaiser Permanente ACE Study were generated based on a sample of mostly White and educated individuals, which may not adequately apply to the Chinese populations (18).

Behavioral trajectories refer to the processes that change behavior with age or time. These group distinctions have significant effects on how we comprehend the fundamental cause of depression. Distinct trajectory patterns could be a sign of underlying etiological variations. Additionally, people who exhibit specific long-term trajectory patterns may bear a disproportionate share of the harmful effects and contribute to the public health burden of depression. One study showed that depression trajectories vary across the population over time (19). Although existing studies in China have explored the effects of childhood adversity on depressive symptoms (20), but the effect on the depression trajectory was not explored. So it is worthwhile to examine the relationship between ACEs and long-term patterns of depressive symptoms. A group-based approach (21) can be used to identify individual depression trajectories for specific groups.



2 Methods


2.1 Study design and respondents

The China Health and Retirement Longitudinal Study (CHARLS) (22) was a nationally representative longitudinal survey among the residents aged 45 and older in China, which recruited participants from 150 counties in 28 provinces in China (23). A standardized questionnaire was used to collect data on participants’ sociodemographic characteristics and health-related information (23). All participants were followed up every 2 years and 4 subsequent follow-ups have been carried out.

We used the data of baseline and the four follow-ups, as well as the data from the 2014 Life Course Survey. A total of 17,708 participants were recruited at baseline in 2011. People younger than 45 years were excluded, and a total of 17,106 individuals were included in the study.

The Biomedical Ethics Review Committee of Peking University approved the CHARLS study (IRB00001052–11015), and all the data is publicly available.



2.2 Measurements


2.2.1 Depressive symptom

Depressive symptoms in the 5-wave survey were assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10) (24). We used this scale to assess how often participants experienced any of the 10 depressive symptoms in the past week (24). This is a 4-category scale, with each item assigned a score of 0–3 for a total score of 30, with higher total scores representing more severe depressive symptoms (23). It is important to note that questions 5 and 8 of this scale are scored backwards (23). According to a previous study (16, 41), those with a score of 12 or more are defined as having depressive symptoms.



2.2.2 Adverse childhood experiences (ACEs)

Conventional ACEs (25) consisted of 7 domains, including physical abuse, emotional neglect, family substance abuse, family mental illness, domestic violence, incarceration of family members, parental separation, or divorce (26). An additional set of expanded ACEs (27) consisted of 2 domains, including unsafe neighborhood and bullying. Several new ACEs (21, 28) indicators were included recently, consisting of parental death, sibling death and parental disability, 3 domains. The details of the 12 definitions of ACEs and the questionnaire items are shown in Supplementary Table S1. Participants’ responses to each ACE item were dichotomized (assigned values of 0 / 1) and summed to generate a cumulative ACE score for each participant, ranging from 0 to 12. We further categorized participants into 5 groups based on the cumulative ACE scores (17): 0, 1, 2, 3, and 4 or higher.



2.2.3 Individual-level covariates

Control variables included age, sex, marital status, residence, education, the self-reported health, multiple diseases coexist, smoking status and alcohol drinking status.




2.3 Statistical analysis

Descriptive analysis and the trajectory modelling was conducted using Stata17.0 and Mplus 8.3 software.

First, the missing values were processed by multiple interpolation. We used group-based trajectory modelling to identify distinct patterns of depressive symptom levels according to the depressive symptom scores among 5 waves. This research approach allowed us to estimate the probability of multiple trajectories between different groups of individuals, rather than modeling a single average for the study population (29). To determine the optimal number of trajectories of depressive symptoms, we fitted 6 sets of trajectories models, including 1 group to 6 groups. We selected the best-fit model based on the following criteria: (1) the average posterior probability for each group of trajectories was ≥0.70 (30); (2) the sample size of each trajectory set should exceed 5.0% of the total sample size; and (3) the case with the lowest absolute value of the Bayesian Information Criterion (BIC) was selected (31). According to the above criteria, a model of 5 trajectory groups was determined.

Descriptive features of subjects in the different depressive symptom trajectories were compared through the analysis of χ2 tests for categorical variables. Logistic regression models were used to explore associations between the trajectory groups of depressive symptom and the adverse childhood experiences. We used the following two sets of model: Model 1 was the raw model. Model 2 was adjusted by categorical variables.




3 Results

There should be 5 groups for depressive symptoms using the GBTM analysis (BIC = 540533.61; AIC = 540347.68; n = 17,106). For the reason that, the population percentage of one among six groups is 4.04%, which is less than 5% and does not fulfill the standards. The absolute value of Bayesian information criterion and Akaike’s information criterion is the most mini in the 5-group model. And all 5 classes have an average posterior probability higher than 0.70. More details are shown in Table 1.


TABLE 1 Fit of the different subgroup depressive-symptoms trajectory models.


	Group
	1
	2
	3
	4
	5
	6

 

 	AIC 	555104.53 	544052.31 	542493.85 	540952.29 	540347.68 	539884.04


 	BIC 	555104.52 	544145.28 	542617.80 	541107.23 	540533.61 	540100.96


 	Class 1 	100 	77.23 	30.79 	6.00 	57.34 	12.21


 	Class 2 	 	22.77 	5.68 	16.70 	13.09 	13.13


 	Class 3 	 	 	63.53 	59.73 	6.23 	5.83


 	Class 4 	 	 	 	17.59 	13.11 	54.58


 	Class 5 	 	 	 	 	10.23 	10.21


 	Class 6 	 	 	 	 	 	4.04


 	Class 1 	1.00 	0.95 	0.80 	0.86 	0.90 	0.73


 	Class 2 	 	0.88 	0.84 	0.78 	0.73 	0.73


 	Class 3 	 	 	0.90 	0.91 	0.85 	0.69


 	Class 4 	 	 	 	0.76 	0.75 	0.89


 	Class 5 	 	 	 	 	0.72 	0.71


 	Class 6 	 	 	 	 	 	0.82




 

Five depressive-symptom trajectories were identified, including “Without symptoms” (n = 10,257; 59.96%); “Decreasing symptoms” (n = 2,083; 12.18%); “High symptoms” (n = 1,061; 6.20%); “Remitting symptoms” (n = 2,128; 12.44%); “Increasing symptoms” (n = 396; 9.22%). The trajectories was shown in Figure 1.
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FIGURE 1
 10-year depressive-symptoms trajectories among middle-aged and older adults in China.


The baseline characteristics of the 5 depressive symptoms trajectory groups are shown in Table 2. About half of the participants were men, 48.79% lived in rural areas, and 86.99% were married. Most (38.91%) have an education level of Primary school. A larger proportion (38.59%) suffer from two or more chronic diseases. A minority (5.91%) live alone. Only one-quarter of the older adults did not experience ACEs. According to the results of the χ2 tests, there were significant differences in age, sex, marital status, residence, education, the self-reported health, multiple diseases coexist, smoking status and alcohol drinking status (all p < 0.05).


TABLE 2 Characteristics of participants according to different depressive-symptoms trajectories.


	Characteristics
	Overall (n = 17,106)
	Without symptoms
	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms
	p value

 

 	N (%) 	100 	10,257 (59.96) 	2,083 (12.18) 	1,061 (6.20) 	2,128 (12.44) 	396 (9.22) 	–


 	Age group 	<0.001


 	45–59 	9,650 (56.41) 	6,011 (58.60) 	1,027 (49.30) 	594 (55.98) 	1,154 (54.23) 	864 (54.79)


 	60–74 	5,887 (34.41) 	3,366 (32.82) 	789 (37.88) 	420 (39.59) 	748 (35.15) 	564 (35.76)


 	75–89 	1,364 (7.97) 	763 (7.44) 	235 (11.28) 	43 (4.05) 	199 (9.35) 	124 (7.86)


 	≥89 	205 (1.20) 	117 (1.14) 	32 (1.54) 	4 (0.38) 	27 (1.27) 	25 (1.59)


 	Gender 	<0.001


 	Female 	8,760 (51.21) 	4,670 (45.53) 	1,243 (59.67) 	768 (72.38) 	1,189 (55.87) 	890 (56.44)


 	Male 	8,346 (48.79) 	5,587 (54.47) 	840 (40.33) 	293 (27.62) 	939 (44.13) 	687 (43.56)


 	Residence 	<0.001


 	Urban 	6,942 (40.58) 	4,795 (46.75) 	637 (30.58) 	248 (23.37) 	757 (35.57) 	505 (32.02)


 	Rural 	10,164 (59.42) 	5,462 (53.25) 	1,446 (69.42) 	813 (76.63) 	1,371 (64.43) 	1,072 (67.98)


 	Marital status 	<0.001


 	Married 	14,881 (86.99) 	9,154 (89.25) 	1,675 (80.41) 	877 (82.66) 	1,833 (86.14) 	1,342 (85.10)


 	Not married 	2,225 (13.01) 	1,103 (10.75) 	408 (19.59) 	184 (17.34) 	295 (13.86) 	235 (14.90)


 	Educational level 	<0.001


 	Illiterate 	4,736 (27.69) 	2,331 (22.73) 	781 (37.49) 	452 (42.60) 	658 (30.92) 	514 (32.59)


 	Primary school 	6,656 (38.91) 	3,852 (37.55) 	838 (40.23) 	426 (40.15) 	875 (41.12) 	665 (42.17)


 	Middle school 	3,526 (20.61) 	2,426 (23.65) 	316 (15.17) 	137 (12.91) 	365 (17.15) 	282 (17.88)


 	High school or above 	2,188 (12.79) 	1,648 (16.07) 	148 (7.11) 	46 (4.34) 	230 (10.81) 	116 (7.36)


 	Multiple diseases coexist (%) 	<0.001


 	No 	10,504 (61.41) 	6,930 (67.56) 	1,012 (48.58) 	413 (38.93) 	1,257 (59.07) 	892 (56.56)


 	Yes 	6,602 (38.59) 	3,327 (32.44) 	1,071 (51.42) 	648 (61.07) 	871 (40.93) 	685 (43.44)


 	Living alone


 	No 	16,095 (94.09) 	9,703 (94.60) 	1,929 (92.61) 	990 (93.31) 	1,991 (93.56) 	1,482 (93.98) 	


 	Yes 	1,011 (5.91) 	554 (5.40) 	154 (7.39) 	71 (6.69) 	137 (6.44) 	95 (6.02) 	


 	Smoking status 	<0.001


 	Never smoker 	10,615 (62.05) 	6,096 (59.43) 	1,364 (65.48) 	771 (72.67) 	1,365 (64.14) 	1,019 (64.62)


 	Former smoker 	1,473 (8.61) 	951 (9.27) 	165 (7.92) 	71 (6.69) 	162 (7.61) 	124 (7.86)


 	Current smoker 	5,018 (29.33) 	3,210 (31.30) 	554 (26.60) 	219 (20.64) 	601 (28.24) 	434 (27.52)


 	Drinking status 	<0.001


 	Never drinker 	9,977 (58.32) 	5,675 (55.33) 	1,329 (63.80) 	729 (68.71) 	1,293 (60.76) 	951 (60.30)


 	Former drinker 	1,447 (8.46) 	796 (7.76) 	213 (10.23) 	95 (8.95) 	203 (9.54) 	140 (8.88)


 	Current drinker 	5,682 (33.22) 	3,786 (36.91) 	541 (25.97) 	237 (22.34) 	632 (29.70) 	486 (30.82)


 	SRH


 	Excellent/very good 	1,274 (7.45) 	986 (9.61) 	63 (3.02) 	13 (1.23) 	130 (6.11) 	82 (5.20) 	


 	Good 	2,767 (16.18) 	2,066 (20.14) 	202 (9.70) 	53 (5.00) 	264 (12.41) 	182 (11.54) 	


 	Fair 	7,958 (46.52) 	5,109 (49.81) 	756 (36.29) 	324 (30.54) 	1,030 (48.40) 	739 (46.86) 	


 	Poor/very poor 	5,107 (29.86) 	2,096 (20.43) 	1,062 (50.98) 	671 (63.24) 	704 (33.08) 	574 (36.40) 	


 	ACEs score 	<0.001


 	0 	4,333 (25.33) 	2,854 (27.82) 	432 (20.74) 	161 (15.17) 	527 (24.77) 	359 (22.76)


 	1 	5,372 (31.40) 	3,422 (33.36) 	610 (29.28) 	260 (24.51) 	617 (28.99) 	463 (29.36)


 	2 	3,816 (22.31) 	2,216 (21.60) 	487 (23.38) 	254 (23.94) 	473 (22.23) 	386 (24.48)


 	3 	2,126 (12.43) 	1,121 (10.93) 	308 (14.79) 	197 (18.57) 	289 (13.58) 	211 (13.38)


 	≥4 	1,459 (8.53) 	644 (6.28) 	246 (11.81) 	189 (17.81) 	222 (10.43) 	158 (10.02)




 

The association between ACEs and the depressive-symptoms trajectory is shown in Table 3, which is adjusted. And the unadjusted version is included in the Supplementary Table S2. Compared to the participants without depressive symptoms, the older adults who have more adverse childhood experiences have more odds of being in the other four groups, and the more ACEs the older adults experienced, the more likely it is. However, there is no difference between the participants in “Without symptoms” and “Remitting symptoms,” or between “Without symptoms” and “Increasing symptoms,” when the participants have only one ACE. The association between 12 domains of ACEs and depressive-symptoms trajectory is shown in Table 4, which is adjusted, too. The unadjusted version is in the Supplementary Table S3.


TABLE 3 Association between ACEs and depressive-symptoms trajectory.


	ACEs
	ORa =eβ (95% CI)b



	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms

 

 	0 	1.00 	1.00 	1.00 	1.00


 	1 	1.21 (0.06, 0.33) 	1.39 (0.12, 0.54) 	0.99 (−0.15, 0.10) 	1.09 (−0.06, 0.23)


 	2 	1.45 (0.22, 0.51) 	1.96 (0.46, 0.89) 	1.16 (0.01, 0.28) 	1.37 (0.16, 0.47)


 	3 	1.75 (0.39, 0.73) 	2.91 (0.84, 1.30) 	1.38 (0.16, 0.48) 	1.44 (0.18, 0.55)


 	≥4 	2.46 (0.71, 1.09) 	4.94 (1.36, 1.84) 	1.87 (0.44, 0.81) 	1.90 (0.43, 0.85)





a Adjusted for age, sex, marital status, residence, education, the self-reported health, multiple diseases coexist, smoking status and alcohol drinking status.

b Reported 95% CI correspond to β; significance threshold = 0.
 


TABLE 4 Association between 12 domains of ACEs and depressive-symptoms trajectory.


	Domains
	ORa =eβ (95% CI)b



	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms

 

 	Physical abuse 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.30 (0.15, 0.37) 	1.59 (0.32, 0.61) 	1.10 (−0.02, 0.20) 	1.18 (0.04, 0.29)


 	Emotional neglect 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.08 (−0.03, 0.18) 	1.23 (0.07, 0.35) 	1.08 (−0.03, 0.17) 	1.07 (−0.05, 0.18)


 	Household substance abuse 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.05 (−0.15, 0.24) 	1.27 (−0.01, 0.48) 	0.86 (−0.35, 0.05) 	0.97 (−0.25, 0.19)


 	Household mental illness 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.83 (0.46, 0.74) 	3.40 (1.06, 1.38) 	1.69 (0.39, 0.67) 	1.55 (0.28, 0.60)


 	Domestic violence 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.44 (0.19, 0.54) 	1.85 (0.39, 0.83) 	1.05 (−0.14, 0.24) 	1.37 (0.12, 0.52)


 	Incarcerated household member 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.07 (−1.04, 1.16) 	0.60 (−2.56, 1.55) 	3.00 (0.38, 1.81) 	2.46 (0.03, 1.77)


 	Parental separation divorce 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.70 (0.07, 0.99) 	1.19 (−0.50, 0.85) 	0.97 (−0.59, 0.54) 	1.62 (−0.03, 1.00)


 	Unsafe neighborhood 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.31 (0.10, 0.44) 	2.01 (−0.50, 0.90) 	1.17 (−0.01, 0.33) 	1.50 (0.22, 0.58)


 	Bullying 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.50 (0.27, 0.54) 	2.18 (0.61, 0.95) 	1.31 (0.14, 0.41) 	1.34 (0.12, 0.44)


 	Parental death 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.44 (0.25, 0.48) 	1.97 (0.53, 0.82) 	1.24 (0.10, 0.34) 	1.43 (0.15, 0.41)


 	Sibling death 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	0.98 (−0.14, 0.11) 	1.15 (−0.03, 0.31) 	0.95 (−0.18, 0.07) 	0.92 (−0.23, 0.06)


 	Parental disability 	No 	1.00 	1.00 	1.00 	1.00


 	Yes 	1.07 (−0.15, 0.28) 	1.08 (−0.21, 0.37) 	0.95 (−0.27, 0.16) 	0.91 (−0.35, 0.15)





a Adjusted for age, sex, marital status, residence, education, the self-reported health, multiple diseases coexist, smoking status and alcohol drinking status.

b Reported 95% CI correspond to β; significance threshold = 0.
 



4 Discussion

This study was a population-based investigation of the impact of ACEs on long-term depressive-symptoms trajectories in a nationally representative sample of middle-aged and older Chinese adults. Five depressive-symptoms trajectories were identified. The trajectory characteristics of this study has some similarities with the previous study (19). Such as, there were both 5 groups. The trend for the first 8 years of the 10-year trajectories is generally consistent with the 8-year trajectories of the previous study (19), relatively flat. However, the trajectory of the later 2 years did not continue the earlier trends. Surprisingly, the 10-year trajectories of depressive symptoms, which based on the CHARLS, were largely consistent with that from Netherlands, which based on the Rotterdam Study (32). To some extent, this may suggest that there does not appear to be a difference in the long-term trajectory of depressive symptoms for the middle-aged and older adults across countries and races.

In this study, most (59.96%) had a cesd-10 score consistently below 12 and were defined as “Without symptoms.” Few (6.20%) had a cesd-10 score consistently above 12 and were defined as “High symptoms.” Those with a slowing overall trend in depressive symptoms were defined as “Decreasing symptoms.” And those with an increase trend were defined as “Increasing symptoms.” Interestingly, there was a group with a sharp decline below 12 after a sustained rise in depressive symptoms, which was defined as “Remitting symptoms.”

A large proportion of older adults people have experienced ACEs in China, and up to 3/4 of them experienced more than one, which is consistent with previous research (16). We found that participants who experienced more ACEs were at greater risk for classification into “High symptoms” and “Increasing symptoms,” suggesting a cumulative effect of the amount of ACEs on the effects of depression. So it is necessary to focus on the impact of ACEs on the health of middle-aged and older adults people in China.

The participants whose female/male guardian had alcoholism/drug or had abnormality of mind when they were young were more likely to be classified into “High symptoms”, as shown in Table 4. In other words, household mental illness and substance abuse during childhood can make them vulnerable to depression in later life, which is in line with the previous studies (33, 34). One plausible explanation is that childhood familial circumstances, including genetic makeup and living conditions, have enduring impacts on children’s health (35).

In addition, we observed that an increased incidence of adult depression has been linked to childhood physical abuse, violence (domestic violence or hazardous neighborhoods), and peer bullying, which is in line with the literature (35, 36). Additionally, kids who are physically abused could be more likely bullied by others, which could alter stress reactions or cause persistent elevations in inflammatory processes, increasing their chance of developing depression later in life (17, 37).

In line with earlier research (6), our results showed that having experienced an ACE was linked to a higher chance of developing depressive symptoms later in life. Those who had one or more ACEs were more likely to experience depressive symptoms later in life than those who were not exposed. There are several possible mechanisms to explain such association. ACE-induced chronic toxic stress may cause hypothalamic–pituitary–adrenal (HPA) axis dysfunction, which has been linked to higher cortisol and glucocorticoid resistance levels (38). According to Heim (39), these metabolic alterations may eventually make a person more susceptible to depression symptoms. Besides, ACEs may cause dysregulation of several systems and an increase in allostatic stress, which may contribute to psychopathology, including depression (40). According to these results, a life-course public health approach may be used to lower the possible risks of late-life depression.

The present study has two advantages. First, we interpolated the missing values with multiple imputation to maximize the data completeness. Second, we investigated the influence of ACEs on the 10-year depression trajectory of the Chinese middle and later older adults from the perspective of life course, using a nationwide representative sample, which broke through the limitations of previous studies, found new trajectories that differed from previous features and provided important insights about the influence of ACEs across the life course. This study has several limitations. First, the data were self reported. Therefore, recall and measurement biases were unavoidable. Second, the ACEs frequency and intensity were not recorded. Future research is needed to keep track of the trajectory of depression in order to discover new trajectories.

Our study’s conclusions have significant ramifications for clinical practice. The significance of a life-course intervention plan to prevent childhood adversity and the related mental health damage in later life is demonstrated by the long-term influence of ACEs on depressive symptoms. The study indicates that preventive measures to reduce the incidence of ACEs are crucial for lowering the risk of depression in later life. These preventive measures may include raising public awareness about ACEs, providing early intervention and support, and implementing public health strategies to reduce the occurrence of ACEs and mitigate their impact on individual mental health.
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In the published article, there was an error in Table 3 as published. The label b of “(95% CI)” was omitted. The corrected Table 3 and its caption appear below.

TABLE 3  Association between ACEs and depressive-symptoms trajectory.


	ACEs
	ORa = eβ (95% CI)b



	
	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms





	0
	1.00
	1.00
	1.00
	1.00



	1
	1.21 (0.06, 0.33)
	1.39 (0.12, 0.54)
	0.99 (−0.15, 0.10)
	1.09 (−0.06, 0.23)



	2
	1.45 (0.22, 0.51)
	1.96 (0.46, 0.89)
	1.16 (0.01, 0.28)
	1.37 (0.16, 0.47)



	3
	1.75 (0.39, 0.73)
	2.91 (0.84, 1.30)
	1.38 (0.16, 0.48)
	1.44 (0.18, 0.55)



	≥4
	2.46 (0.71, 1.09)
	4.94 (1.36, 1.84)
	1.87 (0.44, 0.81)
	1.90 (0.43, 0.85)




aAdjusted for age, sex, marital status, residence, education, the self-reported health, multiple diseases coexist, smoking status and alcohol drinking status.

bReported 95% CI correspond to β; significance threshold = 0.



In the published article, there was an error in Table 4 as published. The label b of “(95% CI)” was omitted. The corrected Table 4 and its caption appear below.

TABLE 4  Association between 12 domains of ACEs and depressive-symptoms trajectory.


	Domains
	ORa = eβ (95% CI)b



	
	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms





	Physical abuse
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.30 (0.15, 0.37)
	1.59 (0.32, 0.61)
	1.10 (−0.02, 0.20)
	1.18 (0.04, 0.29)



	Emotional neglect
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.08 (−0.03, 0.18)
	1.23 (0.07, 0.35)
	1.08 (−0.03, 0.17)
	1.07 (−0.05, 0.18)



	Household substance abuse
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.05 (−0.15, 0.24)
	1.27 (−0.01, 0.48)
	0.86 (−0.35, 0.05)
	0.97 (−0.25, 0.19)



	Household mental illness
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.83 (0.46, 0.74)
	3.40 (1.06, 1.38)
	1.69 (0.39, 0.67)
	1.55 (0.28, 0.60)



	Domestic violence
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.44 (0.19, 0.54)
	1.85 (0.39, 0.83)
	1.05 (−0.14, 0.24)
	1.37 (0.12, 0.52)



	Incarcerated household member
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.07 (−1.04, 1.16)
	0.60 (−2.56, 1.55)
	3.00 (0.38, 1.81)
	2.46 (0.03, 1.77)



	Parental separation divorce
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.70 (0.07, 0.99)
	1.19 (−0.50, 0.85)
	0.97 (−0.59, 0.54)
	1.62 (−0.03, 1.00)



	Unsafe neighborhood
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.31 (0.10, 0.44)
	2.01 (−0.50, 0.90)
	1.17 (−0.01, 0.33)
	1.50 (0.22, 0.58)



	Bullying
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.50 (0.27, 0.54)
	2.18 (0.61, 0.95)
	1.31 (0.14, 0.41)
	1.34 (0.12, 0.44)



	Parental death
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.44 (0.25, 0.48)
	1.97 (0.53, 0.82)
	1.24 (0.10, 0.34)
	1.43 (0.15, 0.41)



	Sibling death
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	0.98 (−0.14, 0.11)
	1.15 (−0.03, 0.31)
	0.95 (−0.18, 0.07)
	0.92 (−0.23, 0.06)



	Parental disability
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.07 (−0.15, 0.28)
	1.08 (−0.21, 0.37)
	0.95 (−0.27, 0.16)
	0.91 (−0.35, 0.15)




aAdjusted for age, sex, marital status, residence, education, the self-reported health, multiple diseases coexist, smoking status and alcohol drinking status.

bReported 95% CI correspond to β; significance threshold = 0.



In the published article, there was an error in Supplementary Table S2. The label of “(95% CI)” was omitted. The corrected Supplementary Table S2 and its caption appear below.

TABLE S2  Association between ACEs and depressive-symptoms trajectory.


	
	OR = eβ (95% CI)a



	ACEs
	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms





	0
	1.00
	1.00
	1.00
	1.00



	1
	1.18 (0.03,0.30)
	1.35 (0.10,0.50)
	0.98 (−0.15,0.10)
	1.08 (−0.07,0.22)



	2
	1.45 (0.23,0.51)
	2.03 (0.50,0.91)
	1.16 (0.01,0.28)
	1.38 (0.17,0.48)



	3
	1.82 (0.43,0.76)
	3.12 (0.92,1.36)
	1.40 (0.17,0.49)
	1.50 (0.22,0.59)



	≥4
	2.52 (0.75,1.10)
	5.20 (1.42,1.88)
	1.87 (0.45,0.80)
	1.95 (0.46,0.87)




aReported 95% CI correspond to β; significance threshold = 0.



In the published article, there was an error in Supplementary Table S3. The label of “(95% CI)” was omitted. The corrected Supplementary Table S3 and its caption appear below.

TABLE S3  Association between 12 domains of ACEs and depressive-symptoms trajectory.


	Domains
	OR = eβ (95% CI)a



	
	Decreasing symptoms
	High symptoms
	Remitting symptoms
	Increasing symptoms





	Physical abuse
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.01 (−0.10,0.13)
	0.98 (−0.17,0.14)
	0.93 (−0.18,0.05)
	0.97 (−0.16,0.10)



	Emotional neglect
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	0.96 (−0.15,0.07)
	1.00 (−0.15,0.14)
	1.04 (−0.07,0.14)
	0.99 (−0135,0.11)



	Household substance abuse
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	0.80 (−0.42,-0.02)
	0.75 (−0.55,-0.02)
	0.75 (−0.50,-0.08)
	0.79 (−0.46,-0.01)



	Household mental illness
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.86 (0.47,0.77)
	3.42 (1.06,1.40)
	1.81 (0.45,0.75)
	1.56 (0.27,0.62)



	Domestic violence
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.18 (−0.02,0.36)
	1.27 (0.00,0.47)
	0.94 (−0.27,0.14)
	1.21 (−0.02,0.41)



	Incarcerated household member
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	0.65 (−1.51,0.65)
	0.27 (−3.33,0.72)
	2.39 (0.16,1.58)
	1.63 (0.38,1.35)



	Parental separation divorce
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.68 (0.07,0.97)
	1.08 (−0.58,0.74)
	0.91 (−0.66,0.47)
	1.52 (−0.10,0.94)



	Unsafe neighborhood
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.15 (−0.04,0.32)
	1.46 (0.17,0.59)
	1.09 (−0.09,0.27)
	1.41 (0.15,0.53)



	Bullying
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.12 (−0.03,0.26)
	1.31 (0.09,0.45)
	1.13 (0.02,0.27)
	1.08 (−0.09,0.24)



	Parental death
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	1.38 (0.20,0.44)
	1.67 (0.36,0.67)
	1.19 (0.05,0.30)
	1.31 (0.13,0.41)



	Sibling death
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	0.90 (−0.24,0.02)
	0.80 (−0.40,0.05)
	0.88 (−0.26,0.01)
	0.85 (−0.31,-0.01)



	Parental disability
	No
	1.00
	1.00
	1.00
	1.00



	Yes
	0.90 (−0.32,0.11)
	0.63 (−0.77,-0.15)
	0.89 (−0.34,0.10)
	0.77 (−0.52,0.01)




aReported 95% CI correspond to β; significance threshold = 0.



The original version of this article has been updated.
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Objective: This study investigates the factors influencing sedentary behavior in older adult Chinese stroke patients using decision trees and logistic regression models.
Methods: Convenience sampling method was employed to enroll 346 respondents aged ≥60 years with stroke from the Department of Neurology of three tertiary-level A hospitals in Heilongjiang province, based on the inclusion criteria. The Sedentary Behavior Questionnaire for Older Adults, the International Physical Activity Questionnaire Short Form (IPAQ-S), the Pittsburgh Sleep Quality Index (PSQI), the Self-Rating Depression Scale (SDS), and the Social Support Scale (SSRS) were used to assess sedentary behavior, physical activity level, sleep quality, depressive symptoms, and social support, respectively. Decision tree and logistic regression models were employed to analyze the factors related to sedentary behavior in older adult stroke patients.
Results: Of the 346 respondents, 233 (67.3%) had sedentary behavior. The logistic regression model showed that education level (OR = 2.843, 95%CI: 1.219–6.626), BMI (OR = 3.686, 95%CI: 1.838–7.393), longest consecutive sitting time (OR = 3.853, 95%CI: 1.867–7.953), and sleep quality (OR = 3.832, 95%CI: 1.716–8.557) were identified as risk factors for sedentary behavior in older adult stroke patients, while drink alcohol (OR = 0.386, 95%CI: 0.184–0.809) and physical activity level (OR = 0.064, 95%CI: 0.030–0.140) were identified as protective factors for sedentary behavior. Besides, the decision tree model showed that physical activity level, longest consecutive sitting time, sleep quality, BMI, depressive symptoms, and age were associated with sedentary behavior. The sensitivity and specificity of the logistic regression model were 69.9 and 93.1%, respectively, and the area under the receiver operating characteristic (ROC) curve was 0.900 (95% CI: 0.863–0.938). The sensitivity and specificity of the decision tree model were 66.4, and 93.1% respectively, and the area under the ROC curve was 0.860 (95% CI: 0.816–0.904).
Conclusion: Our findings indicated that physical activity level, longest consecutive sitting time, sleep quality, and BMI were key factors associated with sedentary behavior. To achieve the purpose of improving rehabilitation effect and quality of life, this study combining decision trees with logistic regression models was of high value in studying factors influencing sedentary behavior in older adult stroke patients.
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1 Introduction

Stroke has emerged as the second leading cause of death globally, following ischemic heart disease, and is associated with a high morbidity, mortality, and disability rate (1). Heilongjiang province, located in a high-latitude area with long and cold winters, has the highest stroke prevalence in China, In 2019, of 5.07% among individuals over 35 years old—5 ~ 6 times higher than in the southern regions. The global increase in the older adult population has resulted in a higher prevalence of stroke among older individuals, with approximately 38% of strokes occurring in people aged 70 years and above. In 2021, the prevalence of stroke among the older adult population (60 years and older) in China is approximately 3.5–5.5%, ranking first among all age groups (2). This poses a significant health challenge for the older adult population worldwide. The fatigue, weakness, and decreased physical functioning that often follow a stroke significantly reduce the activity level of stroke patients (3). Compared with younger and middle-aged stroke patients, older adult stroke patients are more likely to participate in sedentary activities because of the rapid decline in walking ability, increased complications, and a lack of social support associated with strokes. Sedentary behavior could potentially lead to localized circulatory disorders and increase the risk of thrombosis, thereby, it puts pressure on damaged blood vessels and the brain, worsening the symptoms of older adult stroke patients (4). Therefore, reducing sedentary behavior in older stroke patients presents an important, but significant, challenge for the Healthy China Initiative.

Sedentary behavior refers to the behavior of an individual who expends ≤1.5 metabolic equivalents (METs) of energy in a sitting, reclining, or lying position during all waking states (5). After stroke, patients may experience various complications that lead to a sudden reduction in physical activity and an increase in sedentary behavior (3), with total sedentary time increasing with age (6). Prolonged sedentary behavior results in decreased peripheral blood flow and elevated levels of triglycerides and high-density lipoprotein, increasing the risk of stroke recurrence and readmission (7), while decreasing the quality of patient life.

Sedentary behavior in stroke patients is influenced by a variety of factors, including general demographic factors such as age, education, and occupational status (8, 9), as well as disease, lifestyle, and mental health. Previous research has demonstrated that the presence of one or more chronic diseases, multiple comorbidities, and decreased walking ability in stroke patients is a significant contributing factor to elevated levels of sedentary behavior (10, 11). Furthermore, daily lifestyle behaviors such as smoking, alcohol consumption, and physical activity can also exert a substantial influence on sedentary behavior (12). Boyle et al. (13) found that poor sleep quality significantly heightened the risk of sedentary behavior, with a strong correlation between the two. The risk of sedentary behavior escalates with an increase in depressive symptoms and a decrease in social support (14, 15). The combined effect of these factors represents a significant threat to the overall quality of life of stroke patients. However, there have been no specific studies investigating sedentary behavior in older adult stroke patients, creating a gap in research. Therefore, it is crucial to examine the factors contributing to sedentary behavior in this population.

Logistic regression and decision models can be utilized to construct predictive models for influential factors (16, 17). Logistic regression focuses on the main effects of influential factors, but is limited in its ability to handle interactions. In contrast, decision tree modeling eliminates the covariance between variables and involves a series of logistic decisions, which deviates from traditional linear treatment. To identify the primary influencing factors, it is crucial to rank the importance of each indicator. However, the instability of classification effects, with the number of nodes and the lack of main effects analysis, severely restricts the interpretation of findings. Therefore, combining decision tree models and logistic regression models can offer complementary benefits and enhance analytical performance.

The use of logistic regression statistical analysis alone to investigate the factors influencing sedentary behavior is of relatively limited utility because of the inability to identify the most powerful factors. Therefore, this study utilized both logistic regression and decision tree models to explore the factors influencing sedentary behavior in older adult stroke patients, with the aim of establishing a foundation for developing personalized intervention programs to address sedentary behavior in older adult stroke patients in China.



2 Methods


2.1 Study design, participants, recruitment

A cross-sectional study was conducted from September 2023 to March 2024 in Heilongjiang, China. This study used a convenience sampling method to select three neurology departments from tertiary-level A hospitals in Heilongjiang Province, as the study sites. A previous study indicated that the sample size should be at least 5–10 times the number of variables (18). In this current study, there were a total of 26 observed variables. Accordingly, considering a potential 20% sample loss, the minimum required sample size would be 156. A total of 358 questionnaires were distributed during this study; 346 completed questionnaires with valid responses were returned, resulting in a recovery rate of 96.65% (346/358). Older adult stroke patients who met the inclusion criteria were chosen as the subjects. The inclusion criteria were defined as follows: (1) age ≥ 60 years, (2) met the Diagnostic Criteria for Various Major Cerebrovascular Diseases in China 2019 and have them confirmed by CT or MRI, (3) Functional Ambulation Category Scale (FAC) score of ≥2, (4) no signs of psychiatric disorders, normal hearing, clear cognitive abilities, and ability to communicate without any difficulties, (5) absence of conditions that would limit physical activity, such as severe myocardial infarction, myasthenia gravis, fractures, or other diseases, (6) no use of sleeping pills/sedatives and (7) provision of a signed informed consent form.

The Harbin Medical University Ethics Review Board approved the present subject recruitment and research at three neurology departments from tertiary-level A hospitals in Daqing (HMUDQ20231116221).



2.2 Method of data collection


2.2.1 Measurement of sedentary behavior

The Sedentary Behavior Questionnaire for Older Adults was used to assess sedentary behavior and determine the longest consecutive sitting time duration. This questionnaire, developed by Ku et al. (19), aims to investigate the sedentary time of older adult stroke patients across 10 common areas of daily life over a period of 1 week, which is measured and analyzed via a question: “How much time have you spent on the following sitting or lying down activities in the past 7 days?.” If individuals engage in multiple activities simultaneously, one activity should be designated as the primary activity. For instance, if an individual watches TV and eats simultaneously, the two should be considered as a single activity, with participants choosing either ‘watching TV’ or ‘eating’. The 10 areas examined were as follows: watching TV shows or videos; using computers/internet devices (including tablets, mobile phones, and gaming consoles); reading books and newspapers; chatting or talking on the phone with friends or family members; taking public transportation; consuming meals (including three main meals, snacks, and tea/drinks); pursuing hobbies (such as listening to the radio, doing handicrafts, playing cards or chess); taking brief naps while seated; and being seated at work; and participating in other activities (e.g., attending church or temple). The average daily time spent on each category of sedentary behavior was calculated as (number of days per week) × (average time spent per day on those days)/7. The total sedentary time is the sum of the average daily time spent across all types of sedentary behaviors. The questionnaire demonstrated good reliability and validity, with test–retest reliability ranging from 0.740 to 0.920. This research refers to relevant literature both domestically and internationally (20, 21), which defines sedentary behavior as exceeding a total duration of 6 h per day.



2.2.2 Measurement of physical activity

Physical activity levels were assessed using the International Physical Activity Questionnaire-short (IPAQ-S), which was developed by the International Physical Activity Measurement Working Group (22) in 2001 and translated into Chinese by Qu and Li (23). The reliability and validity of the Chinese version of the IPAQ were tested, yielding re-test coefficient and validity scale correlation coefficient values of 0.779 and 0.718 for physical activity, respectively. The metabolic equivalent of the questionnaire for walking was 3.3, for moderate-intensity activity it was 4.0, and for high-intensity activity, it was 8.0. The amount of physical activity was described using the metabolic equivalent (MET-min/w) according to the data processing method and grouping standard recommended by the IPAQ working group, and three levels of physical activity (walking, moderate, and vigorous) were calculated. The following formula was used: physical activity in 1 week = metabolic equivalent value of each type of physical activity × frequency per week (d/w) × time per day (min/d).



2.2.3 Measurement of sleep quality

The Pittsburgh Sleep Quality Index (PSQI), revised by Liu et al. (24), was used to assess the sleep quality of older adult stroke patients during the previous month. Comprising 7 dimensions with a total of 19 items—including sleep quality, sleep onset latency, sleep duration, sleep efficiency, sleep disturbances, use of sedatives, and daytime dysfunction—each dimension is scored on a scale from 0 to 3 points, resulting in a total score ranging from 0 to 21 points. A total score below 11 indicates good sleep quality, while a score equal to or above 11 suggests poor sleep quality. The internal consistency reliability coefficient (Cronbach’s α) of this study was calculated to be as high as 0.838.



2.2.4 Measurement of depression

The level of depression was assessed using the Self-Rating Depression Scale (SDS), which is characterized by its simplicity and straightforwardness, enabling it to effectively capture the subjective experience of depression in both outpatient and hospitalized patients. Wang and Chi (25) translated the scale into Chinese. The scale encompasses the following four dimensions: psychogenic affective symptoms, somatic disorders, psychomotor disorders, and depressive psychological disorders. It consists of a total of 20 items, with 10 items scored positively and the other 10 scored inversely. Each item is assigned a score ranging from 1 to 4 points, resulting in a total score range of 20 to 80 points. A total score between 53 and 62 indicates mild depression; scores ranging from 63 to 72 are classified as indicating moderate depression; while scores above 72 indicate severe depression, with higher scores indicating greater severity. In this study, a total score of ≥53 indicates the presence of depressive symptoms, while a score of <53 indicates the absence of depressive symptoms. The Cronbach’s α coefficient for the scale used in this study was found to be satisfactory at 0.900.



2.2.5 Measurement of social support

The Social Support Rating Scale (SSRS), developed by Xiao (26), was used to assess the social support status of individuals in this study. This scale consists of the following three dimensions: subjective support, objective support, and support utilization, comprising a total of 10 items. Items 1–5 and 8–10 are assessed on a 4-point Likert scale ranging from 1 to 4, while items 6–7 are evaluated based on the “number of sources” scale, with one point awarded for each source. The cumulative score is calculated by summing the scores of individual items. A higher score indicates a greater level of social support. In our investigation, the internal consistency reliability coefficient (Cronbach’s α) for this scale was determined to be satisfactory with an estimated value of 0.833.



2.2.6 Measurement of walking ability level

The functional ambulation category (FAC) scale was adopted to evaluate walking ability level (27). The FAC scale has six grades from 0 to 5, scored 0–5 respectively, where a higher score indicates better functional walking ability. Grade 0: unable to stand or walk; Grade 1: can walk within 10 m indoors with support; Grade 2: can walk 20 m indoors under supervision; Grade 3: can walk over 50 m independently indoors and ascend/descend 18-cm-high stairs twice independently; Grade 4: can walk over 100 m continuously, cross 20-cm-high obstacles and ascend/descend 10-floor stairs; Grade 5: can walk over 200 m continuously, ascend/descend stairs independently and at a speed over 20 m/min.



2.2.7 Measurement of other variables

The additional variables encompass fundamental demographic and health-related data, were evaluated by using a general information questionnaire containing several questions, specifically age (<70 years and ≥70 years); gender (male and female); educational level (junior high school and below, junior high school and above); marital status (married, unmarried, divorced, and widowed); residence status (residing with children, relatives, caregivers, etc., or living alone); caregiver (yes or no); occupational status (retired and unemployed, farmers, and employed); monthly income (<3,000 or ≥3,000); BMI (healthy weight range: 18.5 ~ 23.9; overweight: ≥24; obese: ≥28); comorbid chronic diseases (0 ~ 2 or ≥3); family history of stroke (yes or no); limb function impairment (yes or no); smoking (yes or no); drinking alcohol (yes or no); history of falls (yes or no); and the number of complications (<1 or ≥1). Among them, the assessment criterion for alcohol consumption is to ask the patient, “In the past year, has the number of times of drinking alcohol per week been two or more?” If the answer is yes, it is judged as having drinking behavior; the complications encompass mild motor and balance disorders, memory impairment, dysphagia, as well as anxiety and depression.




2.3 Statistical analysis

First, we used frequency and percentage to illustrate the demographic characteristics of the participants and conducted a chi-square test for one-way analysis of variance to compare disparities between the different sedentary groups (yes or no).

Second, the significant variables identified in the univariate analysis were used to construct predictive models (logistic regression and decision tree) in order to determine factors influencing sedentary behavior among the older adult stroke patients. The decision tree model utilizes the CART algorithm, which effectively handles both discrete and continuous data. However, preprocessing is required to convert continuous variables into binary classification variables owing to the binary nature of decision trees. Based on previous literature of the same type, this study used the mean value as the threshold for division (17). The logistic regression model shows no multicollinearity, as indicated by the variance inflation factor (VIF) results, with none of the factors exceeding the critical value (Supplementary Table S1).

Finally, the predictive performance of the logistic regression and decision tree models was compared using the receiver operating characteristic (ROC) curve. The Z-value and corresponding p-value were calculated based on the area under the curve and standard deviation to assess whether a statistically significant difference existed between the two models. The significance level was set at α = 0.05.

All statistical analyses were conducted using SPSS 26.0 software. Two-tailed p-value of <0.05 was considered to indicate statistical significance.




3 Results


3.1 Characteristics of participants

The general demographic characteristics of the respondents are presented in Table 1. A total of 346 subjects were included in this study, out of which 233 subjects exhibited sedentary behavior. The one-way chi-square test revealed significant differences between the two groups in regard to age, educational level, marital status, residence status, caregiver, occupational status, BMI, comorbid chronic diseases, limb function impairment, smoking, alcohol consumption, complications, walking ability level, physical activity level, longest consecutive sitting time, depressive symptoms, social support, and sleep quality (p-value <0.05). Among the 233 subjects, 54.5% (127/233) were aged 70 years or older, 54.9% (128/233) were overweight or obese, 34.8% (81/233) had limb function impairment, 22.3% (52/233) smoked, 28.8% (67/233) consumed alcohol, and 46.8% (109/233) had at least one comorbidity.



TABLE 1 General characteristics of the respondents (N = 346).
[image: A table comparing various characteristics between two groups: "Number of cases" (N = 346) and "Sedentary behavior" (N = 233). It includes variables like age, gender, education level, marital status, residence status, caregiver status, occupational status, monthly income, BMI, comorbid chronic diseases, family history of stroke, limb function impairment, smoking, alcohol use, history of falls, complications, walking ability level, physical activity level, sitting time, depressive symptoms, SSRS scores, and PSQI scores. Each characteristic shows distribution percentages for both groups, along with chi-square values and P-values reflecting statistical significance.]



3.2 Results of logistic regression analysis

The variable assignments are shown in Table 2. The results of binary logistic regression analysis (Table 3) revealed that education level (OR = 2.843, 95%CI: 1.219–6.626), BMI (OR = 3.686, 95%CI: 1.838–7.393), drink alcohol (OR = 0.386, 95%CI: 0.184–0.809), physical activity level (OR = 0.064, 95%CI: 0.030–0.140), longest consecutive sitting time (OR = 3.853, 95%CI: 1.867–7.953), and sleep quality (OR = 3.832, 95%CI: 1.716–8.557) were significant factors influencing sedentary behavior among the older adult stroke patients (p-value <0.05). Furthermore, the model did not demonstrate a statistically significant association between depressive symptoms, social support, and sedentary behavior.



TABLE 2 Variable assignment table.
[image: A table outlining variables and their assignments for a study. Variables include factors like sedentary behavior, age, education level, marital status, and more. Assignments typically use numerical values to indicate categories, such as 0 for 'No' or 1 for 'Yes'. Special codes are used for specific criteria such as age, marital status, and BMI, among others. SSRS and PSQI are abbreviations for social support and Pittsburgh sleep quality index, respectively.]



TABLE 3 Binary logistic regression analysis of factors influencing sedentary behavior in older adult patients with stroke.
[image: Table showing the relationships between various independent variables and outcomes. Columns include SE, Wald chi-square, P-value, OR, and 95% CI. Variables include education level, BMI, alcohol use, physical activity level, longest consecutive sitting time, and Pittsburgh Sleep Quality Index (PSQI) scores, with distinct values or categories for each variable. Each row lists statistical measures for these categories, indicating the significance and strength of their associations.]



3.3 Results of classification and decision tree model

The results of the decision tree model are shown in Figure 1. Sedentary behavior was found to be mainly associated with physical activity level, longest consecutive sedentary time, PSQI, BMI, depressive symptoms, and age. The level of physical activity is the main determinant of sedentary behavior. Taking the physical activity level as the root node, the probability of sedentary behavior occurring in older adult stroke patients with a physical activity level of ≤3,000 MET-min/w is 84.0%. Older adult stroke patients with a physical activity level of ≤3,000 MET-min/w, longest continuous sedentary time of ≤2 h, normal BMI, and age ≥ 70 years old had a high probability of sedentary behavior (68.2%). In contrast, high levels of physical activity (>3,000 MET-min/w), good sleep quality, and no depressive symptoms were associated with a lower likelihood of sedentary behavior (15.1%).

[image: Decision tree diagram analyzing sedentary behavior based on physical activity level, longest consecutive sitting time, PSQI (Pittsburgh Sleep Quality Index), BMI, depressive symptoms, and age. It shows various nodes with percentages and participant counts for each category, illustrating improvement values at each decision point.]

FIGURE 1
 Classification and regression tree model (N = 346).




3.4 Comparison of model prediction results

To compare the model’s predictive performance, separate ROC curves were plotted according to the prediction probabilities obtained by both models as test variables (Figure 2). The ROC curves for both models deviated significantly from the diagonal, indicating that the models possessed substantial predictive capability. The ROC curves of the two models demonstrate remarkable similarity, indicating comparable classification performance between the two models. However, the difference between the two models should be acknowledged. The decision tree model excluded the variables of education level and alcohol from the logistic regression model, while depressive symptoms and age were insignificant in the regression analysis.

[image: ROC curve graph comparing models: the blue line represents a decision tree, and the red line represents logistic regression. Both lines outperform the green reference line, indicating model effectiveness. Sensitivity is plotted against one minus specificity.]

FIGURE 2
 Receiver operating characteristic (ROC) curve predicted by decision tree and logistic regression model.


The common influencing factors the logistic regression and decision tree models screened were physical activity level, the longest consecutive sitting time, sleep quality, and BMI. The logistic regression model achieved an area under the ROC curve (AUC) of 0.900 (95% CI: 0.863–0.938), while the decision tree model yielded an AUC of 0.860 (95% CI: 0.816–0.904). The logistic regression model exhibited a sensitivity of 69.9% and a specificity of 93.1%, while the decision tree model demonstrated a sensitivity of 66.4% and a specificity of 93.1% (Table 4). The two models exhibit a statistically significant difference (Z = 2.695, p = 0.007), and both demonstrated moderate predictive effects (0.8–1.0).



TABLE 4 Comparison of classification effectiveness of binary logistic regression model and classification decision tree model.
[image: Table comparing logistic and decision tree models across various metrics. Logistic model: AUC 0.900, standard error 0.019, confidence interval 0.863-0.938, sensitivity 69.9%, specificity 93.1%, significance <0.001. Decision tree: AUC 0.860, standard error 0.023, confidence interval 0.816-0.904, sensitivity 66.4%, specificity 93.1%, significance <0.001.]




4 Discussion

In this study, the prevalence of sedentary behavior among older adult stroke patients was found to be 67.3%. Lower than 79.6% of the research results of Fu et al. (28). The average self-reported total sedentary time was 6.96 ± 1.94 h/d, which was lower than the average total sedentary time measured by Duran et al. (29) using a hip-worn accelerometer 13.18 ± 1.34 h/d. This difference may be attributed to recall bias and reporting bias when measuring sedentary time through patient self-reporting. A Chinese study showed that the sedentary time of stroke patients in the community, as measured by questionnaire survey, was 7.10 ± 2.75 h/d (28), consistent with the findings of this study. One potential reason could be that stroke symptoms lead to decreased mobility and increased fatigue in patients, making it inconvenient for them to be mobile and therefore increasing their sedentary time. The study found that older adult stroke patients spend a lot of time being sedentary—mainly watching TV, using mobile phones, eating, and dozing. They spent less time reading books, newspapers, and magazines. Chinese author Shi Fangmin’s research also supports this finding (21). The reasons were considered to be that older adult stroke patients tend to also experience limb dysfunction, lack of peer support, a relatively narrow social circle, and generally low cultural level, resulting in less indoor and outdoor physical activity.

By combining logistic regression and decision tree models, we can investigate the variables that affect sedentary behavior. The important variables in the logistic regression model may differ from those in the decision tree model. For example, in the present study, according to the decision tree analysis, education level and alcohol consumption did not affect sedentary behavior. This may be because logistic regression models express correlations between variables, while decision tree models consider interactions and relationships between variables and detail the functional form of variables in each subclass, providing a wealth of information.


4.1 Influence of personal characteristics on sedentary behavior

In this study, gender, monthly income, and history of falls were not significantly associated with sedentary behavior. Older adult stroke patients with advanced age, higher levels of education, multiple comorbid chronic diseases, limb function impairments, and complications were found to exhibit elevated levels of sedentary behavior, which is consistent with previous studies (30, 31). As older adult stroke patients age, there is a gradual decline in their physical function and activity level, leading to an increase in sedentary behavior. Additionally, individuals with higher levels of education tend to engage more frequently in sedentary activities such as reading books and newspapers compared with those with lower educational attainment (21). Older stroke patients with multiple comorbid chronic diseases have significantly increased rates of sedentary behavior, suggesting that the presence of comorbid chronic diseases has a detrimental effect on sedentary behavior and, accordingly, that reducing the number of comorbidities may reduce the incidence of sedentary behavior. Good limb function is a critical prerequisite for engaging in physical activity. Impaired limb function can severely limit the ability of older stroke patients to exercise, leading to increased sedentary behavior (32). In addition, older stroke patients with more complications may have greater impairment in limb function and, consequently, are more likely to have longer periods of sedentary time.

The results of the univariate analysis in this study indicated no association between gender and sedentary behavior (p > 0.05), which was inconsistent with the findings of Li et al. (8). This discrepancy may be attributed to the fact that at this stage, Chinese stroke patients typically adhere to similar rehabilitation programs and medical advice throughout the recovery process, which contributes to the consistency of their daily activity patterns. Additionally, older adult stroke patients, regardless of gender, tend to engage in static activities such as watching TV and reading due to their physical limitations, which makes the gender difference in sedentary behavior less pronounced (33). The decision tree model demonstrated that age was a significant predictor of sedentary behavior in older adult stroke patients, a finding that aligns with the results of the study by Seo et al. (34). Although the univariate analysis yielded a statistically significant difference in sedentary behavior among older adult stroke patients of different ages (F = 10.117, p = 0.001), the final logistic model did not demonstrate a relationship. As they age, older adult stroke patients typically experience a decline in muscle strength, balance, and joint flexibility. This, coupled with their increased inclination toward traditional, static lifestyles and inadequate motivation for rehabilitation, contributes to the inclination toward sedentary behavior in older adult patients (35). Thus, when intervening in the sedentary behavior of older adult stroke patients, individualized rehabilitation programs must be developed according to the patient’s age, physical condition, and rehabilitation goals to enhance the patient’s mobility.



4.2 Physical activity level and sedentary behavior

We observed a correlation between the level of physical activity and sedentary behavior in older adult stroke patients, finding that those who regularly engaged in higher levels of physical activity had shorter sedentary times. This is consistent with the findings of Chan et al. (36), who reported that groups with higher total physical activity and moderate-to-vigorous physical activity exhibited lower levels of sedentary behavior. Raffin et al. (37) also found that individuals with higher levels of physical activity exhibited lower levels of sedentary behavior and suggested that a combination of the two could positively impact the negative correlation between grip strength and age. Additionally, research has indicated that replacing longer periods of sedentary behavior with more time spent in low-intensity physical activity and moderate-to-vigorous physical activity can increase the likelihood of healthy aging in older adults (38). One potential explanation for these findings is that sedentary behavior in older adult stroke patients may be influenced by impaired limb function, as well as the presence of fatigue and limitations in daily activities. Additionally, older adult stroke patients are more prone to recurrent episodes and hospital readmissions because of their advanced age, which may contribute to reduced physical activity levels because of their condition, thereby increasing sedentary behavior. Therefore, it is recommended that healthcare professionals involved in stroke care should focus on enhancing post-stroke rehabilitation and functional recovery training, refining stroke rehabilitation management, addressing the root causes of post-disease limb dysfunction, and promoting increased physical activity levels in order to mitigate the occurrence of sedentary behavior.



4.3 The longest consecutive sitting time and sedentary behavior

In short, individuals with a longer duration of uninterrupted sedentary time exhibited higher levels of sedentary behavior compared with those with a shorter duration. This is consistent with the findings of Guo and Wang (39), emphasizing the importance of interrupting the continuity of sedentary behavior as a crucial practical measure. The presence of comorbid chronic conditions, decreased levels of ambulatory capacity, and diminished social support are all potential contributors to an increase in maximum continuous sedentary time. The escalation of continuous sedentary time is associated with increased sedentary behavior, older adult stroke patients with a prolonged history of sedentary behavior are less inclined to engage in both indoor and outdoor physical activities, thereby perpetuating their sedentary lifestyle. Those with elevated levels of sedentary behavior may exhibit lethargy, fatigue, or impaired limb function, leading to decreased motivation for exercise and ultimately exacerbating their overall health status (40).



4.4 Sleep quality and sedentary behavior

Among older adult stroke patients, those with poor PSQI demonstrated elevated levels of sedentary behavior. You et al. (41) showed that sedentary behavior constitutes a risk factor for sleep disorders and that reducing sedentary time significantly enhances the quality of sleep in patients, which is consistent with the findings of the present study. Hofman’s et al. (42) research indicates that for every 30-min increase in sedentary behavior and a corresponding 30-min decrease in sleep time, there is an associated higher likelihood of poor perceived sleep quality (OR: 1.10 [1.04;1.16]) and daytime sleepiness (OR: 1.13 [1.00;1.28]). Post-stroke sleep disorders (SSD) are a common complication among stroke patients. Individuals who experience poor sleep quality exhibit a slower neurological recovery process and reduced motivation for physical activity, which leads to an increased prevalence of sedentary behavior (13). Furthermore, inadequate sleep quality leads to a greater propensity for patients to adopt negative coping mechanisms such as avoidance and non-cooperation during drug therapy, physical therapy, and rehabilitation training. This results in a delay in the rehabilitation process and impacts sedentary behavior levels (43). Therefore, medical personnel should pay due attention to addressing sleep problems among older adult stroke patients, enhance their understanding of their disease through psychological counseling, foster positive emotions, help create a quiet, comfortable and moderate light sleep environment for patients, encourage good sleep habits, improve their sleep quality, and reduce their sedentary time.



4.5 BMI and sedentary behavior

The study revealed that BMI is a significant risk factor for sedentary behavior. Webster-Dekker et al. (44) found a strong positive correlation between sedentary behavior and BMI (p < 0.001), indicating that higher BMI levels are associated with increased sedentary behavior. Our findings were consistent with those of this previous study. Hendrickx et al.’s (6) study revealed that individuals with obesity (mean BMI 30.1 kg/m2) exhibited a higher propensity for prolonged sedentary behavior in comparison with stroke patients with normal or overweight BMI (mean BMI 25.4–29.3 kg/m2). Individuals with a high BMI experience increased fatigue during physical activities, leading to more sedentary behavior. Prolonged sedentariness reduces the metabolic rate and energy expenditure. When energy intake exceeds expenditure, it contributes to further weight gain and an elevated BMI, perpetuating a cycle of adverse effects (45). In view of this, medical personnel should aim to impart high-quality health education to stroke patients to improve their levels of daily exercise, aiming to avoid prolonged sedentary activities and reduce the incidence of obesity by encouraging them to be more mobile and engage in regular physical activity.



4.6 Depressive symptoms and sedentary behavior

Older adult stroke patients comorbid with depressive symptoms exhibit prolonged sedentary behavior, consistent with the findings of Ashizawa et al. (46). Rehabilitation of stroke patients with limb dysfunction and speech disorders often involves the challenge of managing their heightened psychological stress and susceptibility to depression, which both significantly impact their overall quality of life. Studies have indicated that the prevalence of depression in stroke patients, attributed to the nature of their condition, ranges from 11 to 41% (47). Furthermore, elevated levels of depression can significantly impede the recovery process and prolong sedentary behavior (48). Depression, a key focus for psychological intervention, can be alleviated through interventions such as exercise therapy, pharmacotherapy, and cognitive behavioral therapy (49). Therefore, developing a comprehensive and personalized intervention strategy targeting depression to alleviate patients’ distress and stress, while maintaining their positive and optimistic mood, is an effective approach for promoting physical activity and reducing sedentary behaviors among older adult stroke patients (50).



4.7 Strengths and limitations

The study has several strengths. First, in the field of research on factors related to sedentary behavior of older adult stroke patients in China, this study fills the gap of existing studies to some extent, clarifies the influence of sleep quality, physical activity level and other factors on the sedentary behavior of older adult stroke patients, and provides new perspectives and data support for further in-depth understanding of the health behavior of this special population, which can help promote the progress of research in this field and provide important references and lessons for future related studies. Second, this study employed two statistical methods, namely, decision tree analysis and logistic regression modeling, to comprehensively identify influencing factors and determine the most influential combination of common factors.

One limitation of this study is that sedentary time was self-reported by patients, which may have introduced recall bias and affected measurement accuracy. Sedentary time was quantified in 15-min increments to mitigate this potential bias and corroborated through family member reports. Other random measurement errors are also limiting factors. These include the limitations of BMI (it does not measure fat distribution and muscle mass), the use of sleeping pills/tranquillizers and other medications, the possibility of specific comorbidities that may in themselves lead to an increase in sitting time (e.g., dizziness, balance disorders, locomotor problems beyond the stroke), and so on. Furthermore, due to the cross-sectional nature of this study, it was not possible to establish a causal relationship between influencing factors and sedentary behavior in the included older adult stroke patients. In addition, the sample size was relatively small. Future studies must utilize wider sample sources and conduct longitudinal research to elucidate the mechanisms underlying the development of sedentary behavior over time and establish causal relationships between influencing factors.




5 Conclusion

The results of this study show that the sedentary behavior of older adult stroke patients is influenced by a multitude of factors, including personal characteristics, disease features, and lifestyle. This study employed logistic regression and decision tree modeling to identify physical activity level, the longest consecutive sitting time, sleep quality, and BMI as the primary determinants of sedentary behavior in older adult stroke patients. These findings provide a foundation for future targeted interventions. In clinical practice, it is recommended that attention be directed toward high-risk groups as a priority to mitigate sedentary time and the prevalence of sedentary behaviors among stroke patients. It is recommended that medical and healthcare institutions strengthen community healthcare networks, provide comprehensive community healthcare services, and prioritize the rehabilitation of stroke patients. Older adult stroke patients are more susceptible to reduced physical activity because of the psychological impact and distress associated with their illness. Consequently, it is of paramount importance that medical professionals and family members provide psychological support to assist patients in developing a positive emotional mindset and engaging in health-promoting activities to mitigate the negative impact of sedentary behaviors.
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Background: Comorbid depression, frequently observed in heart disease patients, has detrimental effects on mental health and may exacerbate cardiac conditions. The objective of this study was to create and validate a risk prediction nomogram specifically for comorbid depression in older adult patients suffering from heart disease.
Methods: The 2018 data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) was analyzed and 2,110 older adult patients with heart disease aged 60 and above were included in the study. They were randomly divided in a 7:3 ratio into a training set (n = 1,477) and a validation set (n = 633). Depression symptoms were assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10) and the participants were categorized into depressed (n = 687) and non-depressed (n = 1,423) groups. We collected information regarding general demographics, lifestyle habits, and medical history of the included patients. LASSO regression and binary logistic regression analyses were performed to identify independent risk factors and construct the depression prediction nomogram. Receiver operating characteristic curve analysis and the Hosmer-Lemeshow test were used to assess the model's discrimination and calibration. Decision curve analysis helped evaluate the clinical utility of the predictive nomogram.
Results: Based on the LASSO and multivariable regression analyses, education level, quality of life, sleep quality, frequency of watching TV, and history of arthritis were identified as independent risk factors for comorbid depression in the older adult heart disease patients. A nomogram model was constructed with these five independent risk factors. The nomogram showed good clinical performance with an area under the curve (AUC) value of 0.816 (95% CI: 0.793 to 0.839). The calibration curves and Hosmer-Lemeshow goodness-of-fit test (training set [image: Chi-squared symbol with a subscript "t".] = 4.796, p = 0.760; validation set [image: Chi-square symbol with a superscript of two and a subscript of nu.] = 7.236, p = 0.511) showed its satisfactory. Clinical usefulness of the nomogram was confirmed by decision curve analysis.
Conclusions: A five-parameter nomogram for predicting depression in older adult heart disease patients was developed and validated. The nomogram demonstrated high accuracy, discrimination ability, and clinical utility in assessing the risk of depression in the older adult patients with heart disease.
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1 Introduction

Heart diseases are highly prevalent among the older adults and are a significant cause of mortality in this demographic (1). Geriatric cardiology encompasses clinical diagnosis of structural heart abnormalities such as congenital heart defects, valvular heart diseases, and cardiomyopathies, as well as non-structural heart issues such as arrhythmias. These conditions are manifested with symptoms such as dyspnea, fatigue, and asthenia, and significantly impact the daily activities and functional capacity of the older adults (2, 3). Depression is a common mental disorder among older adult people, characterized by symptoms such as persistent sadness, anhedonia, sleep disturbances, and suicidal ideation (4). The physiological and psychological faculties of the older adults gradually deteriorate with age because of reduced nervous system metabolism, alterations in the neurotransmitters, and changes in the health status and family life. This leads to melancholy, a loss of zest for life, and shifts in self-perception and physical capabilities. Several studies have reported that older adult individuals with heart disease are at a higher risk of depression compared to the general older adult population (5). with a complex reciprocal influence observed between the two conditions (6, 7). The co-occurrence of depression and heart disease can lead to a mutually exacerbating cycle through various mechanisms. Depression is associated with increased severity of heart disease and the likelihood of rehospitalization and mortality, and reduced treatment adherence and the quality of life of patients. The interplay between heart disease and depression is complex (8), and involves neurobiological mechanisms, including a complex interplay between the neuroendocrine system, inflammatory processes, and psychosocial factors. Chronic stress and anxiety are common in patients with heart disease and activates the hypothalamic-pituitary-adrenal (HPA) axis. This increases cortisol levels and impacts cardiac function and vascular integrity (9). Furthermore, depressive mood disrupts the balance of the autonomic nervous system, reduces the heart rate variability (10), and increases the risk of cardiac incidents. Patients with heart disease (11–14) are significantly more likely to suffer from depression than those without heart disease. Among older adult individuals, those with both heart disease and depression face a higher all-cause mortality rate than those with only one of these conditions (15). The risk of myocardial infarction is twice as high in patients with depression compared to the general population, while the incidence of depression among myocardial infarction patients is three times higher than that in the general population (16, 17). Cardiovascular disease and comorbid depression are pressing public health issues. The “2022 Report on Cardiovascular Health and Diseases in China” indicates an increasing prevalence of cardiovascular diseases in China (18). Over 80% of coronary heart disease patients experience anxiety and depression (19). Depression, a leading psychological disorder among the older adults, significantly impacts quality of life and places a considerable burden on healthcare systems (20).

Previous studies (21, 22) have focused on the determinants of depression in the older adults with cognitive disorders or at an advanced age in China, but only few studies have investigated older adult patients with heart disease. The present study used the national data from the eighth wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) and analyzed various indicators, including demographic data, lifestyle habits, and medical history of older adult individuals aged ≥ 60 years with heart disease. The main objective of this study was to identify the risk factors for depression and to develop and validate a predictive nomogram model for the older adult heart disease patients.



2 Materials and methods


2.1 Data sources

This study utilized data from the 2018 cross-sectional Chinese Longitudinal Healthy Longevity Survey (CLHLS), which provides comprehensive information on the health and quality of life of older adult individuals across 23 provinces in China. The survey, conducted from 1998 to 2018, amassed a sample size of 113,000 participants, making it the country's largest social science survey. Informed consent was obtained from all participants, and ethical approval was granted by the relevant review boards. Survey personnel were registered and authorized to access the data platform. The primary subjects of the 2018 CLHLS data were individuals aged ≥65 years, although a small number of individuals younger than 65 years were also included. Following World Health Organization guidelines, individuals aged ≥60 years are classified as older adults in developing countries, while those aged ≥65 years are considered older adults in developed countries (23). As China is classified as a developing country, we defined the older adult population as individuals aged ≥60 years. The inclusion criteria for this study were as follows: (1) age ≥60 years; (2) self-reported, physician-diagnosed heart disease with a clear confirmation of diagnosis; (3) completion of all 10 items on the Center for Epidemiological Studies Depression Scale (CES-D) with valid responses; (4) no missing data for key variables. The initial sample consisted of 15,874 older adult individuals, but after excluding individuals aged under 60 years (n = 12), those with missing data (n = 8), those without heart disease (n = 13,320), and those not responding to depression symptoms (n = 424), the final sample for model construction included 2,110 older adult patients with heart disease (Figure 1).


[image: Flowchart showing the participant selection process for a study. Initially, 15,674 subjects were considered. Exclusions included age, missing data, heart disease, and non-responders, leaving 2,110 subjects. These were divided into training and validation sets at a 7:3 ratio. The validation set of 477 subjects was split into depressive (472) and non-depressive (1,005). The validation set of 633 subjects was split into depressive (215) and non-depressive (418).]
FIGURE 1
 Flow diagram of the study design.




2.2 Variables included in the study

Depressive symptoms of the study participants in 2018 were evaluated using the 10-item Center for Epidemiological Studies Depression Scale (CESD-10) (24). This scale is comprised of 10 items, including eight items on negative experiences and 2 items on positive experiences during the past week. The patients were inquired about the frequency of nine affective states and sleep quality over the past week. The responses for each item were rated on a 4-point Likert scale and the scores for each item ranged from 0 to 3 (with reverse scoring for negative states). The total score ranged from 0 to 30 with higher scores reflecting increased severity of the depressive symptoms (25). This scale is used for preliminary screening of subthreshold depression epidemiology and has good reliability and validity in the older adult population (26). Based on previous studies (27–29), we used a cutoff score of 10 (≥10) to identify patients with depression.

Data were collected by trained community physicians or public health workers through face-to-face interviews at respondents' homes. All disease histories were confirmed by hospital diagnoses. Smoking was defined as current smoking, encompassing both daily and occasional smokers. Drinking referred to individuals with an ongoing drinking habit. Household income was categorized as follows: less than 10,000 RMB was classified as very poor, 10,000–29,999 RMB as poor, 30,000–49,999 RMB as moderate, and over 50,000 RMB as wealthy (30, 31). The education level was categorized into three groups: illiterate (never attended school), primary school (1–6 years), and middle school or higher (≥7 years). Marital status was classified into four categories: married, divorced, widowed, and other (including those married but not living with their spouse, as well as those never married). Sleep quality, based on the question “How many hours of sleep do you usually get each day?”, was divided into five levels: very poor (<4 h), poor (4–5.9 h), average (6–7.9 h), good (8–9.9 h), and very good (>10 h). Responses to the question “How do you feel about your current life?” were classified as good, average, or not good. Living arrangements were classified into three categories: living with family, living alone, and residing in an institutional setting. Other variables, such as pension status, financial support from children, and annual physical examinations, were self-reported by participants with binary responses (yes/no), similar to various medical histories. After a comprehensive literature review, additional variables were included in the study based on their potential influence on comorbid depression in older adult patients with heart disease (Table 1). All variables had a missing data rate of less than 15%, with the highest missing value percentage being for education (11.85%). To improve the accuracy of model analysis, multiple imputation techniques were applied to address missing data.


TABLE 1 Categorical variable assignment.

[image: Table showing variable assignments for demographic and lifestyle factors. Variables include sex, age, education level, marital status, residence, family income, living arrangement, insurance, pension, children, financial support, community services, quality of life, falls, sleep, smoking, alcohol, physical exams, TV frequency, and medical histories. Each variable has corresponding numerical values or categories indicating different statuses or frequencies.]



2.3 Statistical analysis

Categorical variables were expressed as counts and percentages. Inter-group differences were assessed using the chi-square test or Fisher's exact test, as appropriate. The least absolute shrinkage and selection operator (LASSO) regression was used to identify risk factors associated with depression in older adult patients with heart disease. LASSO regression applies an L1 penalty term that shrinks the coefficients of less relevant variables toward zero, facilitating effective variable selection. To enhance the clarity of the results, model predictions were visualized using nomograms, which provide an intuitive representation of how variables influence risk, aiding in both risk assessment and decision-making. The predictive performance of the model was evaluated using receiver operating characteristic (ROC) curves, with accuracy measured by the area under the curve (AUC). Model calibration was assessed using the Hosmer-Lemeshow test, and internal validation was performed with 1,000 bootstrap resampling iterations to generate a calibration plot. Decision curve analysis (DCA) was employed to assess the clinical utility of the predictive nomogram. All statistical analyses were performed using R software (version 4.3.1), with a two-tailed P < 0.05 considered statistically significant.




3 Results


3.1 Comparison of basic and clinical characteristics

Among the 2,110 older adult patients with heart disease included in this study, 861 were male and 1,249 were female. The prevalence rate of depression was 32.56%. The participants were randomly assigned in a 7:3 ratio into a training group (n = 1,477) and a validation group (n = 633). The prevalence rates of depression in the training and validation groups were 31.96% and 33.97%, respectively. As shown in Tables 2, 3, there were no statistically significant differences in the basic and clinical characteristics between the two groups (p > 0.05) except for the health insurance status and history of rheumatic diseases. In the training group, we observed statistically significant differences in the prevalence rates of depression across various demographics, including gender, education level, household income, marital status, cohabitation arrangements, number of children, quality of life, history of falls, sleep quality, frequency of annual health examinations, television watching habits, and medical history of diabetes, respiratory diseases, gastrointestinal ulcers, parkinson's disease, arthritis, and chronic nephritis (p < 0.05). In the validation group, we observed significant differences in the prevalence rates of depression across various characteristics such as gender, age, education level, household income, cohabitation arrangements, quality of life, history of falls, sleep quality, television watching habits, and medical history of diabetes, stroke, respiratory diseases, arthritis, and rheumatic diseases (p < 0.05).


TABLE 2 General information and lifestyle habits questionnaire for participants in the training and validation data sets.

[image: Table showing demographic and lifestyle characteristics of training and validation groups. Variables include sex, age, education, residence, income, marital and living status, insurance, pension, children, and lifestyle factors like quality of life, fall and sleep quality, smoking and alcohol status, physical exams, and TV frequency. Each variable is divided into categories with counts and percentages for groups with and without depressive symptoms, along with p-values indicating statistical significance.]


TABLE 3 Diseases history questionnaire for participants in the training and validation datasets.

[image: A table comparing clinical variable frequencies between training and validation groups with and without depressive symptoms (DS). Variables include hypertension, diabetes mellitus, stroke history, respiratory disease, tuberculosis, cataract, glaucoma, cancer, gastrointestinal ulcer, Parkinson's disease, bedsore, arthritis, dementia, epilepsy, biliary tract disease, dyslipidemia, rheumatism, chronic nephritis, and hepatitis. Each variable lists the number and percentage of individuals affected in each subgroup, along with p-values indicating statistical significance differences. Significance levels are noted for diabetes mellitus, respiratory disease, gastrointestinal ulcer, Parkinson's, arthritis, chronic nephritis, and rheumatism.]



3.2 Variable selection and prediction model construction using LASSO regression analyses

The LASSO regression model was used for dimensionality reduction based on data from the training group. Tenfold cross-validation was employed to determine the optimal penalty parameter (lambda). Cross-validation identified log(lambda.1se) = −3.392 (lambda.1se = 0.03364981) as the point where the model error was within one standard deviation of its minimum value. The variables with non-zero coefficients included education level, life satisfaction, sleep quality, frequency of TV watching, and history of arthritis (Figure 2). Multifactorial logistic regression analyses revealed that education level, life satisfaction, sleep quality, frequency of TV watching, and history of arthritis were independent risk factors for comorbid depression in older adult patients with heart disease (p < 0.05; Table 4).


[image: Panel A shows a line graph of coefficients against Log Lambda, with multiple colored lines representing different variables. Panel B displays a plot of binomial deviance versus Log Lambda, highlighting a curve with points and error bars, indicating variance.]
FIGURE 2
 Variable selection using the LASSO regression model. (A) LASSO coefficient pathway diagram of predictive variables, each distinct colored line represents the trajectory of a feature's coefficient, as it evolves with the increase in the regularization parameter λ. As λ increases, certain coefficients gradually diminish and, ultimately, approach zero, signifying that these features are effectively pruned from the model by the LASSO regression. (B) A tenfold cross-validation was performed to select the optimal penalty parameter (lambda) for the model. The cross-validation identified log(lambda.1se) = −3.392 (lambda.1se = 0.03364981) as the point where the model error was within one standard deviation of the minimum.



TABLE 4 Logistic regression analysis of depression in older adult patients with heart disease.

[image: A table displays logistic regression results with various factors: education, life quality, sleep quality, TV watching frequency, and history of arthritis. Key statistics include β value, standard error, Z-score, odds ratio with confidence interval, and p-value. Significant differences are noted with asterisks indicating p-values: one asterisk for p < 0.05 and two for p < 0.01.]



3.3 Construction of the nomogram predictive model

A nomogram predictive model for depression in older adult patients with heart disease was constructed for the training group with the five independent risk factors, namely, education level, life quality, sleep quality, frequency of TV watching, and history of arthritis (Figure 3). In this model, each significant variable was assigned a weighted score ranging from 0 to 100. The total score was estimated by adding the scores for each risk factor in the nomogram. The probability of depression was predicted in the older adult patients with heart disease based on the total score.


[image: A point scale chart assessing various risk factors. Categories include education level, life quality, sleep quality, TV watching habits, and presence of arthritis. Education ranges from illiterate to middle school or above, life quality from good to very poor, sleep quality from excellent to poor, TV habits from never to daily, and arthritis presence as yes or no. Each category is assigned points contributing to a total risk score ranging from 0 to 280, with a corresponding risk level from 0.1 to 0.9.]
FIGURE 3
 Nomogram for predicting the risk of depression in older adult patients with heart disease.




3.4 Validation of the nomogram predictive model

Next, we performed internal validation of the nomogram predictive model for depression in the older adult patients with heart disease. ROC curve analysis results showed good predictive power for the nomogram with AUC values of 0.816 (95% CI: 0.793–0.839) and 0.804 (95% CI: 0.767–0.840) for the training and validation groups, respectively. The predictive model was then validated using the bootstrap method with 1,000 resampling iterations. The calibration curves for both the training and validation groups of the nomogram model were approximately straight lines with a slope of 1. The Hosmer-Lemeshow goodness-of-fit test also demonstrated that the nomogram model fitting was good in both the groups ([image: Chi-squared character with a subscript 't' and superscript '2'.] = 4.976, p = 0.760; [image: Chi-squared symbol with a superscript two, followed by a subscript v, indicating degrees of freedom, often used in statistical analyses.] = 7.236, p = 0.511). Decision Curve Analysis (DCA) results demonstrated high net benefit and clinical application value for the nomogram predictive model (Figures 4–6).


[image: Two ROC curve graphs labeled A and B compare sensitivity and specificity. Graph A shows an AUC of 0.884 with a 95% confidence interval (CI) of 0.758–0.840. Graph B shows an AUC of 0.816 with a 95% CI of 0.742–0.889. Both graphs have blue shaded areas under the curve.]
FIGURE 4
 Receiver operating characteristic (ROC) curve evaluates the risk prediction nomogram for depression in older adult patients with heart disease. The Y-axis represents the true-positive rate of the risk prediction, and the X-axis represents the false-positive rate of risk prediction. (A) ROC curve of the training set; (B) ROC curve of the validation set.



[image: Two calibration plots labeled A and B compare predicted probabilities to observed probabilities. Both plots display lines for apparent, ideal, and bias-corrected probabilities, showing close alignment to the ideal diagonal line, indicating good model calibration.]
FIGURE 5
 Calibration curves for the risk nomogram of depression in older adult patients with heart disease. The Y-axis represents the actual number of diagnosed depression cases, and the X-axis represents the predictive risk of depression. The diagonal dotted line represents perfect prediction by an ideal model, and a closer fit to the diagonal dotted line indicates better prediction. (A) Calibration curve of the training set; (B) Calibration curve of the validation set.



[image: Two line graphs labeled A and B show net benefit against high-risk threshold. Graph A represents the training set, and graph B represents the validation set. Both graphs include lines for "All" and "None" scenarios for reference.]
FIGURE 6
 Decision curve analysis for the risk nomogram of depression in older adult patients with heart disease. The Y-axis represents the net benefit. The thick solid line represents the assumption that none of the patients have depression, the thin solid line represents the assumption that all patients have depression, and the red line represents the risk nomogram. (A) Decision curve of the training set; (B) Decision curve of the validation set.





4 Discussion

This study utilized the CLHLS database to examine the prevalence of depression among older adult Chinese individuals with heart disease, revealing an association between the two. A predictive model of depression was constructed and validated using a training cohort, and a nomogram was developed to assess the risk of depression in these patients. The nomogram calculates a total score by summing the scores of various risk factors. This score, in conjunction with its relationship to the probability of depression occurrence, allows for the prediction of outcomes. By transforming complex regression equations into intuitive visual graphics, the nomogram offers a user-friendly approach for interpreting and assessing patient conditions.


4.1 Higher level of education is associated with lower risk of depression

Individuals with no formal education were found to be at a significantly higher risk of depression compared to those with at least an elementary or secondary education. This difference is likely due to the enhanced cognitive processing, problem-solving abilities, and broader social support networks typically associated with higher educational levels. Previous studies have also reported that older adult subjects with higher education levels show lower risk of depression than those with lower education levels (32, 33). This may be attributed to the better psychological adaptability and resource acquisition capabilities of patients with higher education (34–36). Furthermore, education facilitated cognitive stimulation and social engagement, which play a crucial role in alleviating the psychological burden associated with chronic diseases. Patients with higher education levels may be more likely to access health-related information and demonstrate proactive health management behaviors (37). Education is an important factor associated with psychological health, but its effect on depression has not yielded consistent results (38). Nikkheslat et al. reported that education level was not associated with the incidence of depression in older adult patients with heart disease (39).



4.2 Higher life satisfaction is associated with lower risk of depression

Older adult heart disease patients with low or moderate life satisfaction showed a higher risk of depression compared to those with higher life satisfaction. This was consistent with previous studies, which reported that lower life satisfaction of the individuals because of their current status resulted in a depressive mood (37, 40). Our findings also indicated that the subjective wellbeing and overall life satisfaction of the older adult heart disease patients was an effective management strategy for treating depression symptoms. This also emphasized that the quality of life can be improved through interventions targeting psychological health.



4.3 Better sleep quality is associated with lower risk of depression

The quality of sleep typically refers to the assessment of sleep duration, continuity, and depth. Several studies have indicated that both excessively long or short sleep durations impair cognitive function (41–43). The changes in cognitive function reduce the ability to integrate information and adversely affect emotional recognition and experiences (44). During this process, negative emotions are triggered and potentially lead to depressive symptoms. Sleep quality is one of the significant factors affecting the health of the older adults (45). Insomnia is a common sleep disorder reported by older adult individuals with depression. Several studies have reported that improving sleep quality by overcoming insomnia can reduce the risk of depression in the older adults (46). This is because poor sleep quality negatively affects the emotional regulation abilities of an individual and leads to low mood and depressive emotions. Sleep disturbances are associated with a variety of mental health issues, and good sleep quality is essential for maintaining physical and mental health. Therefore, improving sleep quality alleviates depressive symptoms (47). Poor sleep quality is a significant predictor of depression. Therefore, addressing sleep disturbances through behavioral interventions or pharmacological treatments is an important strategy for improving the psychological health outcomes of older adult patients with heart disease.



4.4 Frequency of watching TV is associated with comorbid depression in older adult patients with heart disease

This study also demonstrated a significant correlation between television watching frequency and the risk of depressive symptoms in the study subjects. The risk of depression was significantly higher in those patients who watched TV less frequently than those who watched television almost daily. Compared to individuals who watched television almost every day, the risk of depression was 2.413-fold higher for individuals who watched television at least once a week. The risk of depression increased to 2.734-fold for those who watched television at least and increased to 2.089-fold for those who abstained from watching television. These findings suggested that reduced television viewing was associated with depressive moods in the older adult cardiac disease patients.

Television is an important medium for information, entertainment, and relaxation, and can mitigate the onset of adverse emotional states (48). Furthermore, television viewing can enhance life quality and alleviate feelings of solitude among the older adults through engaging discussions about recent news or television narratives with peers (49). Our findings are partially consistent with the results of a study by Lin et al. (50), which reported that middle-aged and older adult individuals who did not watch television or engage in reading were more susceptible to depressive symptoms. Consequently, decreased television viewing may signify a loss of social support for the older adult cardiac disease patients and exacerbate their loneliness and depressive feelings.

However, in this study, patients who occasionally watched TV did not show a significant increase in the risk of depression. This may be related to factors such as individual differences, choice of viewing content, and viewing habits. Our data suggested that watching TV daily was a protective factor against depression in the older adult heart disease patients, but did not require prolonged TV watching. Some studies have reported that excessive TV watching may increase anxiety and depressive emotions of an individual (51). Therefore, the relationship between TV watching and mental health may be nonlinear and requires further research to determine the complex underlying mechanisms.



4.5 History of arthritis is associated with the incidence of comorbid depression in older adult patients with heart disease

Arthritis is a leading cause of chronic pain and functional impairment, significantly affecting quality of life. It is one of the most common sources of severe chronic pain and disability worldwide (52). Chronic pain from arthritis negatively impacts individuals' emotional wellbeing, coping mechanisms, and increases the risk of depression (53). In the older adult population, depression often manifests not only as emotional symptoms but also as fatigue, pain, and cognitive decline, leading to underdiagnosis in conditions such as osteoarthritis (54). Arthritis, with its accompanying pain, stiffness, and mobility restrictions, further diminishes quality of life (55). A meta-analysis conducted in China revealed a depression rate of up to 44.7% among patients with rheumatoid arthritis (56). Additionally, osteoarthritis patients face a depression risk twice that of the general population (57). The coexistence of arthritis and heart disease complicates health management, presenting both physical and psychological challenges. A history of arthritis was linked to an increased risk of depression in older adult heart disease patients. Conversely, those without a history of arthritis were less likely to develop depression. This may be attributed to the absence of chronic pain and physical limitations, which could enhance daily functioning and reduce reliance on medical resources, thereby alleviating both economic and psychological burden.

The relationship between a history of arthritis and depression may be influenced by various factors such as individual differences, disease severity, treatment methods, and psychological adaptability of the patients. Therefore, future studies are necessary to further identify the potential moderating variables that influence the specific relationship between a history of arthritis and the risk of depression in the older adult heart disease patients.



4.6 Limitations

Although the sample used in this study is considered representative, several limitations must be acknowledged. (1) The heart disease patients included varied in type and severity, which significantly affects depression levels. However, the database did not provide detailed information on the specific types of heart disease. (2) The study's variables were limited, and relevant laboratory tests for the older adult heart disease population could provide more insight, requiring further validation. (3) The depression scoring scale relied on self-reported data, which may introduce recall bias. (4) The CLHLS database represents only the older adult Chinese population, and its applicability to other regions warrants further investigation.




5 Conclusion

The incidence of comorbid depression in older adult heart disease patients is considerable and deserves greater attention. This study identified several factors—education level, life satisfaction, arthritis history, television viewing time, and sleep quality—that influence the likelihood of comorbid depression in this population. A nomogram was developed to predict depression risk, and after evaluating the model's discrimination, calibration, and clinical applicability, we conclude that it can effectively identify at-risk patients in medical practice, offering significant clinical value.
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Objectives: Type 2 diabetes (T2D) and prediabetes are associated with poor walking endurance, a marker of physical function. We aimed to examine the long-term effects of metformin or intensive lifestyle intervention in adults at high risk of T2D on their 6-min walk test (6MWT) performance.
Methods: Participants were randomized in the 3-year Diabetes Prevention Program (DPP) to one of the three groups: lifestyle intervention, metformin, or placebo, and were subsequently followed in the DPP Outcomes Study. A 6MWT was conducted 20 years after randomization. Associations between DPP interventions and 6MWT completion (achieving a distance ≥200 m) were assessed using logistic regression. Among the test completers, differences in distance walked (6MWD) were evaluated using multivariable linear regression. Additional variables of interest included concomitant measures of body mass index (BMI) and grip strength along with mean measures of HbA1c and self-reported physical activity (PA).
Results: Data on 1830 participants were analyzed. The interventions were not associated with test completion or the 6MWD among test completers (362, 364, and 360 m in the lifestyle, metformin, and placebo groups, respectively, p = 0.8). Age, education, grip strength, and PA were each significantly associated with the 6MWT completion and the 6MWD after adjustment. Grip strength, PA, and education were positively associated with the 6MWD, while age, BMI, and HbA1c were negatively associated with the 6MWD.
Conclusion: We confirmed that the 6MWT is related to other measures of physical ability such as PA and grip strength in persons at risk for and with T2D, suggesting potential long-term benefits of maintaining a healthy lifestyle. However, we did not observe a sustained effect of the original randomized interventions.
Clinical trial registration: http://www.clinicaltrials.gov/ct/show/NCT00004992, identifier DPP NCT00004992; http://www.clinicaltrials.gov/ct/show/NCT00038727, identifier DPPOS NCT00038727
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Introduction

Both prediabetes and type 2 diabetes mellitus (T2D) are independently associated with reduced physical activity and a higher risk of disability (1–9). Physical fitness, including cardiopulmonary endurance and skeletal muscle strength and power, are important health-related attributes for mitigating disability in older people. Disability in the form of mobility limitation is associated with functional decline (10, 11) and loss of independence among older adults (10, 12). Assessed by walking speed, impaired mobility is well associated with disability in activities of daily living (11, 12), cardiovascular disease, and mortality (13, 14). Mobility, in the context of physical activity, is well-known as a positive determinant of mental health that is associated with psychological (15, 16) and social wellbeing (17, 18).

The 6-min walk test (6MWT) measures how far a person can walk in 6 min under standardized conditions. Since the test is submaximal, it may better indicate an individual’s ability to perform activities of daily living than maximal exercise testing (19). The test is clinically validated to objectively evaluate endurance in older adults (20). The total distance walked in the 6MWT (6MWD) diminishes with greater age, poor overall health status, T2D, a low score on cognitive function tests, and a high C-reactive protein concentration. The 6MWT is also associated with all-cause mortality (21–24). The majority of studies evaluating 6MWT performance are conducted on individuals with heart, lung, or neuromuscular diseases, who are often older adults. Although T2D is a known risk factor for poorer performance on the 6MWT, the effects of diabetes prevention interventions on the 6MWT performance among adults at risk for diabetes are not well-known.

The effect of metformin use on physical functioning has shown mixed results, with benefits shown on some parameters of exercise capacity, including VO2peak, which is associated with 6MWT performance (25–27). An epidemiological study in women with T2D suggested a beneficial effect of insulin sensitizers, particularly metformin, on preventing the loss in gait speed seen with aging (28). It is unclear whether longer-term metformin use affects physical endurance as measured by the 6MWT. Moreover, these previous studies examined individuals with T2D; thus, it is not known how metformin or multicomponent lifestyle interventions aimed at improving eating habits, increasing physical activity, and producing modest weight loss over time, may affect longer-term physical performance in individuals at high risk of T2D.

The Diabetes Prevention Program Outcomes Study (DPPOS) is a long-term follow-up of the Diabetes Prevention Program (DPP). The DPP evaluated the role of metformin and an intensive lifestyle intervention (ILS) in preventing or delaying the onset of T2D in high-risk adults. Data from longer follow-ups in DPPOS showed a sustained impact of interventions administered during the DPP on frailty (29). The goal of this analysis was to determine the effects of treatment with metformin or ILS, compared to placebo, on walking endurance as measured using the 6MWT as part of the long-term follow-up in DPPOS participants. Understanding the effects of metformin therapy and ILS on walk performance may help to prevent frailty and loss of mobility in older adults with or at risk for T2D.



Methods


DPP/DPPOS randomized interventions

The DPP (July 1996 to July 2001) was a 27-center randomized controlled trial that compared the efficacy of metformin or ILS with placebo to prevent or delay T2D among 3,234 adults aged ≥25 years old who were overweight or obese and had prediabetes at baseline (30–32). ILS participants were offered an individualized 16-lesson curriculum over 24 weeks followed by monthly sessions through the DPP. The curriculum focused on diet, exercise, and behavior change, guiding participants to follow a low-fat, low-calorie diet (<25% kcal from fat) and perform ≥150 min/week of physical activity, with the primary goal to achieve ≥7% weight loss from baseline weight (33). Metformin participants were assigned to take blinded 850 g metformin twice daily; placebo participants were assigned a matching placebo pill twice daily. Both the metformin and placebo groups received written standard lifestyle recommendations and a one-on-one lifestyle session annually. After the DPP ended, the metformin and placebo groups were unmasked, and all participants were offered a modified lifestyle program for 6 months. Subsequently, 2,779 participants consented to participate in the DPP Outcomes Study (DPPOS), and all participants were offered quarterly lifestyle classes. Open-label metformin was continued for those originally randomized to metformin, placebo was discontinued, and ILS was provided as semi-annual group-based classes (34).

The study protocols for DPP/DPPOS are publicly available at https://dppos.bsc.gwu.edu/web/dppos/dpp.



Study participants

This analysis was limited to those DPP/DPPOS participants who completed a 6MWT eligibility assessment at their DPPOS Year 15 (calendar years 2016–2017) follow-up visit (19–21 years after randomization).



Procedures 6MWT


Assessor training

Study coordinators and lead examiners at each DPPOS site completed centralized in-person training and practice in 6MWT administration until proficiency was achieved. One of the authors (TWS) with extensive 6MWT expertise served as the master trainer (35). All training materials were developed from published, standardized guidelines (19). A performance checklist (Supplementary Material) was developed to ensure the ability of 6MWT assessors to proficiently administer the test and to train new examiners at individual study sites.



Standardized walking course and equipment

Twenty of the twenty-four sites that participated in the 6MWT examination used a course length of 20 m; the remaining sites used 10-m courses because of space constraints. Turn-around zones of 2.5 m at each end were provided on all courses. The courses were measured either with a non-distensible tape measure or a measuring wheel; a hand-held stopwatch was used to monitor and record the actual time walked. Clinic staff were instructed to administer the test indoors along a long, flat, straight, enclosed corridor with a hard surface that is seldom traveled. In one clinic with a year-round temperate climate, the 6MWT was administered outdoors.



Administering the 6MWT

The 6MWT was first assessed at the DPPOS Year 15 follow-up visit (19–21 years after randomization). Participants rested in a seated position for 5 min before the start of the test. Heart rate and blood pressure were measured along with a brief assessment of contraindications. Participants were not permitted to warm up and only one test was given. Test administrators demonstrated one lap of the walk test and used the same standardized script to instruct participants in the performance of the test (19). Participants were asked to “…walk as far as possible at a speed that you can maintain safely for 6 min.” Lengths were recorded on a score sheet throughout the test. Participants were allowed to use usual walking aids, such as canes or walkers, and stop and rest as necessary, and allowed to discontinue the test at any time. Standardized words of encouragement were given at the end of 1 to 5 min, and again at 5 min 45 s (19). The stopwatch was stopped at approximately 6 min, and a marker was placed at the toe of the foot striking the floor on the command stop. Participants were returned to a seated position for assessment of heart rate, RPE, and signs and symptoms. Participants completed the Borg 0–10 scale for rating of perceived exertion (RPE) after the test (36, 37).



Distance walked (6MWD)

Completed lengths were recorded and multiplied by the course length. Distance walked beyond the last complete length was added to the distance calculated from completed lengths, representing the distance walked in 6 min (6MWD). For participants with stopwatch times that exceeded 6 min, the total distance measured was interpolated to exactly 6 min. Participants with stopwatch times exceeding 7 min were excluded from analyses assessing the 6MWD.




Other measures

Physical activity data were collected via the Modifiable Activity Questionnaire (MAQ) annually and the median of all available responses [median = 17; range = 4–19 observations per participant] between the DPP baseline and DPPOS Year 12 (3 years prior to the 6MWT) of metabolic equivalent (MET)-hours of leisure activity was used as a measure of habitual activity level (38–40). Diabetes at the concurrent visit was ascertained using ADA criteria as previously described (30, 41). A composite variable for neuropathy signs and symptoms was defined by signs present based on a monofilament test at the concurrent visit or symptoms from Michigan Neuropathy Screening Instrument (MNSI) at the DPPOS Year 13 visit (2 years prior to 6MWT). Participants self-reported recent (within the past 12 months) hospitalizations and falls, as well as ever having a hip replacement. Stroke, CHF (congestive heart failure), MI (myocardial infarction) was adjudicated by review of medical records by reviewers masked to treatment assignment. A composite health issue variable was created to combine recent hospitalization, history of hip replacement, history of stroke, CHF or MI, and recent falls. The FEV1/FVC ratio was collected using a spirometry test at the concurrent visit. Grip strength was assessed with a handheld dynamometer using standardized procedures at the concurrent visit. Total metformin exposure was defined as the number of years taking study or non-study metformin. Cumulative glycemic exposure is defined as the mean HbA1c for all available semi-annual and annual visits between the DPP baseline and the time of 6MWT assessment (median = 24, range = 9–39 visits).



Statistical analysis

Descriptive statistics were used to examine the characteristics of the study population at baseline and at the time of their DPPOS Year 15 follow-up visit, which occurred 19–21 years after randomization. The baseline characteristics in the analytic cohort were also compared to participants from the original randomized DPP cohort who did not complete the 6MWT. Comparisons between groups were computed using ANOVA for continuous variables and chi-squared tests for categorical variables. Participants with the shortest distance walked (<200 m) were categorized as poor performers (approximately the 10th percentile test completers). Among all participants in the analytic cohort, logistic regression models adjusted for randomization group, age, sex, and ethnicity were used to examine the association of select characteristics at baseline and at follow-up with the ability to complete the 6MWT (completion) with a distance of ≥200 m. Among all participants who completed the test (regardless of distance walked), the mean distance walked (m) was compared by participant characteristics.

General linear regression models were used to examine the differences in total 6MWD by randomization group, diabetes, cumulative glycemic exposure, cumulative metformin exposure, and concurrent BMI. Several possible confounders were identified a priori for the base multivariable linear regression model (Model 1) for the base multivariable linear regression model. Subsequent models included additional covariates identified in a stepwise manner as possible confounders if they were significantly associated with distance walked after adjustment for randomized assignment. Model 2 adds education and health-related variables including smoking, concurrent BMI, height, and waist circumference. Finally, Model 3 adds concurrent grip strength, habitual physical activity, the presence of neuropathy signs/symptoms at the time of assessment, the presence of a health issue, and cumulative glycemic exposure. Effect modification by age, sex, ethnicity, and diabetes was tested.




Results

Of the 3,234 participants randomized in the DPP from 1996 to 1999, 2,130 completed their DPPOS Year 15 annual visit between July 2016 and November 2017 when the 6MWT was conducted. The analytic group assessed for 6MWT eligibility represents 1,830 (86%) of the 2,130 individuals who completed a DPPOS Year 15 visit (Supplementary Figure 1). Of these 1,830 participants, 1,697 (93%) completed the 6MWT. Three participants had stopwatch times that exceeded 7 min and were excluded from subsequent analyses. Thus, 1,830 participants were included in analyses with test completion as the outcome, and 1,694 participants were included in analyses with total distance walked in 6 min as the outcome. Supplementary Table 1 compares the baseline characteristics of participants included in these analyses with those not included among the originally randomized DPP cohort.

Participant characteristics at the DPP baseline and at the DPPOS Year 15 visit are shown in Table 1 for 1,830 participants. Percent and mean values of the majority of variables were similar among the three randomization groups at baseline. The only nominally significant (p < 0.05) difference among the randomization groups was for height, which was highest in the metformin group.



TABLE 1 Participant characteristics at DPPOS year 15 by treatment assignment group among all participants with a visit (N = 1830).
[image: Table displaying baseline and year 15 characteristics of study participants across four groups: All, Lifestyle, Metformin, and Placebo (total N = 1830). Variables include age, age group, sex, ethnicity, education, smoking status, BMI, fasting glucose, diabetes confirmation, health history, and physical activity. Statistically significant differences, highlighted in bold, are evident in height, fasting glucose, confirmed diabetes, and total metformin exposure. P-values indicate group comparison significance levels.]

Because the interventions reduced the incidence of diabetes and its risk factors, diabetes, fasting glucose, and glycemic exposure differed between the randomization groups at the DPPOS Year 15, and were highest, on average, in the placebo group (Tables 1, 2). Diabetes had developed in 62.8% of lifestyle, 61.5% of metformin, and 68.5% of placebo participants. Other behaviors or health conditions potentially related to walking ability were not consistently or statistically significantly different across the DPP randomization groups. As a result of drug assignment in the randomized metformin group and use of metformin in all groups as a treatment for diabetes, the median metformin exposures by the DPPOS Year 15 were 0, 16.5, and 0.5 years in the lifestyle, metformin, and placebo groups, respectively.



TABLE 2 Variables associated with test completion and distance ≥200 m.
[image: A table compares odds of test completion and odds of completion with distance over two hundred meters across various characteristics. It includes adjustments for factors such as DPP treatment assignment, age group, sex, ethnicity, education, smoking status, BMI, physical activity, neuropathy signs, composite health issues, and glycemic exposure. Simple and fully adjusted odds ratios with confidence intervals are provided. Statistically significant associations are highlighted in bold. Additional notes clarify the adjustments and data collection methods.]

Reasons for the 6MWT ineligibility included dizziness, shortness of breath, chest pain, unstable angina, high or low heart rate or blood pressure, or participant feeling unsafe to attempt the test. Table 2 shows variables associated with participants who completed the test and variables associated with a composite measure of ability to complete the test and walk a distance ≥200 m. A model adjusted for age group, sex, ethnicity, and education, and a model adjusted for all other variables in the table is presented (Table 2). Of the 1,830 participants, 133 did not complete the test (103 ineligible and 30 started but did not complete), and an additional 167 participants completed the test but walked <200 m. The randomization group was not associated with 6MWT completion or the ability to both complete and walk a distance ≥200 m. In contrast, older age, non-Hispanic Black ethnicity, lack of college education, higher BMI category, higher waist circumference, signs and symptoms of neuropathy, and presence of a health issue were each associated with a lower likelihood of test completion in fully-adjusted logistic regression models. These same factors were also associated with a lower likelihood of both completing the 6MWT and walking a distance ≥200 m in fully-adjusted logistic regression models; however, a higher likelihood of this outcome was associated with American Indian ethnicity, greater grip strength, and higher median physical activity.

The primary outcome of this analysis was the distance (m) walked in 6 min (6MWD). Table 3 presents the unadjusted mean distance walked by participant characteristics. There were no differences in distance walked by the randomization group but there were differences in all other variables presented. Neither distance walked nor gait speed was different for participants undergoing testing at sites with 10-m or 20-m courses.



TABLE 3 Mean distance walked (m) by participant characteristics at DPPOS Year 15 among participants who completed the 6MWT (N = 1,694).
[image: Table listing groups and their sample sizes, means, standard deviations, and p-values. Categories include randomized groups, sex, age, ethnicity, education, smoking status, diabetes, BMI, height, waist, HbA1c, health issues, symptoms, grip strength, and physical activity. P-values identify statistical significance across factors.]

Multivariable models for associations with distance walked among those who completed the test (N = 1,694) are shown in Table 4. In all three models, there was no significant association between the randomization group with 6MWD, with the greatest differences between randomization groups of approximately 4 m (or approximately 1% of the overall mean distance of 361.5 m). No interactions between the randomization groups with sex, ethnicity, and age on walking distance were observed.



TABLE 4 Association of randomized treatment assignment and selected covariates with distance walked (m).
[image: Table displaying results from linear models predicting total distance walked during a six-minute walk test. It includes beta coefficients, confidence intervals, and p-values for variables like lifestyle, metformin use, age, sex, ethnicity, education, smoking, BMI, height, waist, grip strength, habitual activity, neuropathy symptoms, composite health issues, and glycemic exposure. Significant results include factors like age, ethnicity, education, and smoking status, among others. Adjustments were made for course length, but interactions between certain factors were not significant. Model 1, 2, and 3 columns show variations of analysis.]

Supplementary Tables 2–6 present models evaluating associations of the 6MWD with diabetes, cumulative glycemic exposure, cumulative metformin exposure, BMI, and grip strength. There was no significant effect of concurrent diabetes after adjustment for adiposity, with further attenuation of the effect once adjusted for grip strength and physical activity. Cumulative glycemic exposure was significantly and inversely associated with 6MWD; each 1% increase in mean HbA1c was associated with a 9 m [95% CI -16, −2.5] lower walking distance. Cumulative metformin exposure had no significant association with the 6MWD. Concurrently measured BMI was inversely associated with the 6MWD with a 14 m [95% CI -20, −7.3] lower walking distance per 5 kg/m (2). Concurrently measured grip strength was positively associated with the 6MWD with a 13 m [95% CI 7.9, 18] greater walking distance per 10 kg force. In all models, age and education were inversely related to walking distance.



Discussion

The distance walked in 6 min is a functional measure of mobility and walking endurance that decreases during the aging process, particularly in individuals with T2D. Both metformin and lifestyle interventions slow the progression of prediabetes to T2D, which may in turn impact walking endurance. In this study of DPPOS participants who were at risk of developing T2D, greater age and BMI negatively impacted walking endurance while physical activity and grip strength, a measure of muscle function, were positively associated with walking endurance. However, in this large cohort of participants followed longitudinally over 2 decades, there was no difference in walking endurance, as measured by the 6MWT, among those randomized to metformin, lifestyle, or placebo. Additionally, there was no association between cumulative metformin exposure and walking endurance as determined by the 6MWT.

We observed negative associations between 6MWT walking distance and age, BMI, health issues, and duration of diabetes, in line with previous studies (42). The Look AHEAD study assessed exercise capacity by a symptom-limited graded exercise treadmill test to voluntary exhaustion, in a large cohort of overweight/obese individuals with type 2 diabetes (43). The authors observed greater impairment of aerobic exercise capacity associated with greater levels of general and central obesity and a further reduction in fitness with increasing age and a longer duration of diabetes. In a study evaluating a healthy, younger cohort between 18 and 50 years of age, the 6MWD was not associated with age (44). However, in healthy older adults, older age has a negative association with distance walking during the 6MWT (21).

We also found an association between higher mean HbA1c and lower 6MWD suggesting that cumulative glycemic exposure negatively influences walking endurance. A study by Senefeld et al. did not find a difference in the 6MWD between T2D (HbA1c ≥7.0%) and controls; however, sample sizes were small (45, 46). The difference between these observations may lie in the study design and different glycemic exposures over time. Our study expands on this research and suggests that one possible effect of long-term hyperglycemia on 6MWT performance may be mediated via sustained hyperglycemia directly affecting skeletal muscle function and exercise adaptation (47). Finally, as with past research (48), we observed a positive association between walk distance and education, a marker of socioeconomic status.

In individuals with established T2D, lifestyle interventions that emphasize moderate-intensity physical activities have improved walking endurance. In the Look AHEAD study of adults with overweight/obesity and T2D, an intensive lifestyle intervention that included increasing physical activity had benefits in mobility, including an improvement in a 400-m walk test (49). Thus, while previous studies have shown a benefit of intensive lifestyle intervention on walking endurance in individuals with T2D during the active intervention period, treatment assignment did not show sustained benefits for walking endurance in DPP participants at risk for T2D during the DPPOS follow-up period, approximately 20 years after randomization.

The 6MWT is considered a useful and valid test of functional exercise capacity and endurance clinically in healthy aging populations (21, 50) and in those with chronic disease (51–54). Distance walking in 6 min may also represent an individual’s ability to perform certain activities of daily living since both require only a submaximal effort (19, 55, 56). In a previous analysis of DPPOS participants, those randomized to the lifestyle arm compared to the metformin or placebo arms had 37% lower odds of frailty (29). The components of the frailty assessment included walking speed (15-foot walk test), grip strength, physical activity, exhaustion, and unexplained weight loss (57). However, none of these individual frailty characteristics were different across the DPPOS randomization groups. Walking endurance, as measured by the 6MWT is not part of the frailty assessment (57). In the current analysis, we found that the 6MWD was associated with grip strength and habitual physical activity but we did not observe differences in walking distances by randomization group. Thus, while walking endurance and frailty are related (58), one possibility for our null findings may be that the effects of a lifestyle intervention wane over time when not maintained. The 6MWT assessment took place approximately 15 years after the end of the intensive lifestyle intervention phase of the DPP and only semi-annual lifestyle classes were provided for this group during DPPOS. However, the strong association between grip strength, physical activity, and 6MWT completion, as well as the 6MWD, suggests that maintaining an active lifestyle and maintaining muscle function after the end of the intervention may affect walking endurance in a population at risk for T2D. These findings are consistent with another small study evaluating an older cohort with T2D, where the 6MWD was positively associated with physical regular activity (48).

The strengths of our study include a long follow-up of a large, well-phenotyped, cohort of adults overweight and obese, all with a high risk of developing T2D at baseline, and continued assessment of glycemia semi-annually. Other strengths include a significant representation of Black, Hispanic, Native American, and Asian individuals, a high participation rate of those enrolled in DPPOS and still active (80%), and a comprehensive set of variables to examine the long-term effects of DPP interventions on walking endurance, and standardized procedures administered at diverse clinical sites in the United States.

There are a number of limitations to this analysis. The 6MWT was conducted approximately 15 years after the more active intervention period, and we cannot exclude the possibility that there may have been differences in the 6MWD among the groups had the test been performed earlier. Additionally, the 6MWT was not performed at randomization and was conducted only in a subset of the original DPP cohort (Supplementary Table 1). While we did not observe differences in attrition by treatment group, there is likely the presence of survivorship bias, where healthier individuals remain in the cohort. Furthermore, the conduct of the 6MWT was subject to variation by clinic, including differences in test environment and course length. Stop-watch time was recorded and exceeded 6 min for a subset of participants. Additional limitations include the potentially biased self-reports of leisure physical activity and the crossover in metformin use among the participants in the lifestyle and placebo cohorts who have been diagnosed with T2D. Metformin is a first-line treatment for type 2 diabetes; thus there is an increasing risk to the randomized analyses over time. However, total metformin exposure remained much higher in participants originally randomized to metformin. Similarly, the intensity of the lifestyle intervention was not sustained after the initial 3.2 years, and all participants were offered quarterly lifestyle classes during the DPPOS; however, participation in lifestyle classes was low across the intervention groups: approximately 80% of participants attended fewer than a quarter of the sessions offered, leading to reduced differences in weight between the groups. These features of the study may have reduced the relative effects of our interventions on 6MWT. Finally, while the 6MWT is a valid test of mobility and physical function, alternative measures such as the sit-to-stand, timed-up-and-go, or stair-climbing tests were not included in this analysis.

Although we did not observe a sustained effect of the originally randomized interventions on the 6MWT, we confirmed that the 6MWT is related to other measures of physical ability such as habitual physical activity and muscle strength (grip strength) in persons at risk for and with T2D. Our study also demonstrated that long-term metformin exposure does not negatively impact walking distance. While the randomized lifestyle treatment assignment was not associated with walking test distance, greater self-reported habitual physical activity, grip strength, and lower BMI were all associated with greater walking distances, suggesting potential long-term benefits of maintaining a healthy lifestyle. Given the importance of the 6MWT as a functional health measure reported in the literature, we anticipate that as DPPOS continues, it may predict future outcomes such as mortality and cognitive impairment.
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Introduction: In the context of ageing at home and in the community, healthcare services for older adult people in China are mainly provided by primary care physicians (PCPs). This study aimed to understand the level of geriatric healthcare service capability of PCPs in China and to give recommendations for improving care.
Methods: We surveyed PCPs in the eastern, central, and western regions of China, using a combination of multi-stage stratified cluster sampling and typical sampling. We evaluated the capability of PCPs in geriatric healthcare services in terms of diagnosis and treatment of common diseases, health management of the older adult, and health management of patients with chronic diseases. We compared the capability of PCPs in different regions, in urban and rural areas, and with different characteristics.
Results: We found that Chinese primary care doctors had a low level of education and tended to be older in age. We also found a lack of general practitioners in China. Among the 8,469 respondents, 6,497 (76.7%) could diagnose and treat common diseases; 7,755 (91.6%) were capable of managing the health of the older adult, and 7,787 (91.9%) could manage the health of patients with chronic diseases.
Conclusion: Results indicated that China’s primary care physician workforce was of low quality. There were deficiencies in all competencies in geriatric healthcare services, and there were differences in capability between urban and rural areas. The findings suggest China’s primary healthcare services should be strengthened with targeted training and an emphasis should be placed on developing basic skills in geriatric healthcare services.
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1 Introduction

In 2022, the global population of people aged 65 years old and above reached 970 million, accounting for about 10% of the world’s total population. The figure is expected to reach 1.6 billion by 2050, which will account for 16.5% of the total population (1). As the older adult population increases, the proportion of health issues in the overall population will be dominated by those diseases related to ageing, and the demand for geriatric services is expected to rise rapidly, as confirmed by studies around the world (2–4).

In response to the rising demand for healthcare services brought about by population ageing, the international community has actively advocated for and implemented a series of strategic planning and action measures. Healthy ageing and active ageing have become the focus of international actions to cope with this demographic change and its effects (5–7). In 2016, the Global Strategy and Plan of Action on Ageing and Health (2016–2020), adopted by the World Health Organization’s (WHO) 69th World Health Assembly, called on member states to achieve the development goal of healthy ageing by, among other things, promoting health systems responsive to the needs of the older population (8). In 2020, the WHO called on member states to provide health services that were responsive to the needs of the older population (9).

The issue of ageing and health has become a strategic focus for all countries, which have prioritized establishing and improving the geriatric health service system (10–12). In Japan, for example, in the context of ageing and a shortage of physicians, general practice has been identified as the 19th specialty in the field of clinical medicine in the new specialist physician system launched in 2018, and internists were encouraged to become general practitioners (GPs) (13). The United Kingdom has supplemented its GP workforce by recruiting foreign doctors and has established a long-term health service relationship with the older adult through family doctors to provide them with continuous medical services and health guidance (14, 15). In Australia, in the context of increased demand for healthcare services for the older adult, GPs have been trained for health monitoring skills and health data analysis. Most of the health problems of the older adult are chronic, requiring continuous and long-term care. Therefore, the primary services required are basic medical services and health management services (16, 17). PCPs are the main healthcare providers (18–21), and studies have concluded that they could undertake most healthcare services for the older adult population, such as diagnosis and treatment of common diseases, health management for the older adult and patients with chronic diseases (22–25). The PCP workforce is, therefore, actually crucial for the realization of the goals of healthy and active ageing.

By the end of 2022, 14.9% of China’s population was 65 years old or above, and China is expected to become a super-ageing society by 2030. In 2013, to address this issue, the Chinese government proposed the model of integrated eldercare services with healthcare. The aim was to integrate healthcare and life care services to meet the needs of older adult people for both health and daily life. The Healthy China 2030 strategy also requires integrating eldercare and healthcare services, strengthening health monitoring and comprehensive intervention for older adult people and chronically ill patients (26).

Based on traditional Chinese cultural customs and the desire of older adult people to choose their own way of ageing, the Chinese government established the “9,073” concept to guide development of the older adult care system, i.e., 90% of the older adult living at home, 7% cared by community facilities, and 3% living at nursing home. This means that about 97% of older adult people need daily life and healthcare services at grassroots level. In order to provide better services to those older adult people staying at home and community centers, the Chinese government has made relevant policies to ensure older adult care services provision, and many social organizations are providing daily life care services to those older adult people (27). However, healthcare needs are often quite high among the older adult, and should mainly rely on primary health providers. Previous studies have confirmed that the diagnosis and treatment of common diseases, health management of the older adult, and chronic disease management are the most important care to the older adult people (17–19). Therefore, it is necessary to enhance the health service capability of PCPs to provide professional health services to older adult people (28). As the cornerstone of China’s medical and health system, primary health organizations are responsible for providing primary healthcare to urban and rural residents. These organizations include community health service centers, community health service stations, township health centers, and village clinics.

China has historically prioritized hospitals and neglected the grassroots medical institutions in allocating health resources, resulting in a series of problems such as insufficient numbers, low quality, and lower capability of PCPs (29). This seriously affects the provision of basic health services for the entire population and poses a major challenge for the Chinese government’s development strategy for healthy ageing. This study aimed to understand the overall level of geriatric healthcare service capability of PCPs in China, to provide recommendations for solving the problem, and to promote the goal of healthy ageing.



2 Methods


2.1 Design

The study was based on a survey conducted in August 2020. It was reviewed and approved by the ethics committee of Nanjing Medical University (NMU-ER (2020) 589). The survey was explained to all participating PCPs as being for research purposes only and as not related to personal evaluation. The questionnaire was anonymous and filled out voluntarily to ensure the objectivity of the self-assessment. Respondents were, though, asked to leave their contact telephone numbers for reviewing the questionnaire.



2.2 Sampling and participants

The survey used a combination of multi-stage stratified cluster sampling and typical sampling of PCPs in the eastern, central, and western regions of China. First, two provinces in each of the three regions were selected as sample provinces that were better at the tiered healthcare system construction and displayed certain characteristics relevant to the strategy of improving the capability of primary healthcare services. Second, two prefectural cities in each province, with medium levels of economic development and primary health organization constructions were selected. For each city, one municipal district and one county were selected according to the same criteria. All doctors in all primary health organizations—community health service centers (stations), township health centers, and village clinics—in each sample district/county were included in the survey. Due to restrictions around COVID-19, only one province in the east was investigated, and the sample size doubled.



2.3 Data collection

A self-assessment questionnaire of family doctors’ individual capability was compiled according to the Indicator System of Family Doctors’ Health Service Capability developed by the research group. The researchers used the Questionnaire Star platform (the most widely used online questionnaire filling platform in China) to send the questionnaire to PCPs. Survey content included basic information on PCPs (age, education, professional qualifications, and so on) and a self-evaluation of job abilities. The level of job abilities included two options: “possessing” and “not possessing.” The demand for this capability in the workplace included two options: “needing” and “not needing.” The study mainly analyzed the necessary and relevant competencies required by PCPs to carry out geriatric healthcare services, including capability to diagnose and treat common diseases, to manage the health of older adult people, and to manage the health of patients with chronic diseases. A total of 8,469 valid questionnaires were collected from PCPs.



2.4 Data analysis


2.4.1 Professional qualifications

Professional qualification categories in the questionnaire were multiple-choice to reduce the potential for errors if PCPs added professional qualifications. Professional qualifications were divided into four categories: licensed (assistant) doctors, GPs, licensed village doctors (LVDs), and others or those without qualifications.

LVD refers to a doctor with a rural doctor practice qualification, usually issued by the health department at or above county level in China. Doctors holding this certificate can legally engage in primary healthcare at village clinics, including disease diagnosis, issuing prescriptions, and treating common diseases.

Some PCPs who hold licensed (assistant) doctor status have also obtained the qualification certificate for GP transfer training, or have added a GP qualification and so can practice as a GP. Therefore, if a PCP chose both “licensed (assistant) doctor” and “GP” or only “GP,” they were classified as “GP.”



2.4.2 Criteria for judging capability

We selected three elements from the Self-Assessment Questionnaire for Family Physicians’ Competencies for analysis: diagnosis and treatment of common diseases, health management of older adult people, and health management of patients with chronic diseases. A judgement was made about whether or not the capabilities were possessed of PCPs, based on the mastery of specific skills for each capability. In addition, the need of PCPs for the capability in the workplace was judged according to their demand for specific skills for each capability.


2.4.2.1 The capability to diagnose and treat common diseases

The capability to diagnose and treat common diseases involves identifying diseases, interpreting common hospital inspection and test reports, and prescribing common medications. PCPs could be judged to basically have skills in these areas if they achieved two out of three items. For example, identifying and diagnosing common diseases mainly focuses on the six most common diseases (respiratory infection, diarrhea, hypertension, diabetes, stroke, and COPD) in primary health services. If the PCP could diagnose and identify more than two out of three (four or more diseases in this case), they were judged to have mastered this skill. And a PCP is considered to have the capability to diagnose and treat common diseases when they have mastered all three skills.

The same two out of three approaches were used for estimating whether the skills were needed in the work. For diagnosing and treating the six diseases mentioned above, PCPs were asked whether this capability was required in daily work. The skill was deemed to be needed if four or more were required (see Table 1).



TABLE 1 Indicator system for evaluating the older adult healthcare service capabilities of PCPs.
[image: Table outlining capabilities, skills, and skill items in healthcare. First section covers diagnosing and treating common diseases with skills like identification of common diseases, interpreting test reports, and prescribing medications. Skill items include respiratory infections, diabetes, and more. Second section focuses on managing older adults' health, with skills like physical examination. Third section is about managing chronic diseases, detailing diagnostic criteria and treatment of stable conditions.]



2.4.2.2 The capability to manage the health of the older adult

Older adult health management competencies include four specific skills: physical examination guidance and screening for common diseases, assessment of health and self-care capability, identification of and intervention for low mood or depression, and prevention of functional deterioration. Mastery of three or more of these skills is judged to be a basic mastery of the capability (see Table 1).



2.4.2.3 The capability to manage the health of patients with chronic diseases

Chronic diseases are the most common health problems in the older adult population. Health management of patients with chronic diseases is also one of the most basic service contents of older adult health services. The health management capability of patients with chronic diseases includes mastering the clinical diagnostic basis of common chronic diseases, mastering the main risk factors and intervention methods of common chronic diseases, mastering the identification and treatment methods of common chronic diseases, and mastering the treatment of common chronic diseases during the stabilization period and the prevention of complications in four specific skills. Mastery of three or more skills is judged to be a basic mastery of health management of patients with chronic diseases. See Table 1.




2.4.3 Analysis method

We conducted statistical analysis on the data by using SPSS 28.0, where all count data were expressed as frequency and percentage. Descriptive statistical analysis was used, and the chi-square test was used for inter-group comparison. A two-tailed α < 0.05 was considered statistically significant.





3 Results

There is an imbalance in the level of economic development among the east, middle, and west of China. It can be observed that the eastern region has the most developed economy, while the western region is relatively backward. Such differences may affect the staffing of PCPs, as medical resources are often correlated with the level of economic development in the region. Therefore, in the comparative analysis, we mainly divided China into three regions: east, central, and west, and focused on the basic characteristics of PCPs and their capability to provide geriatric healthcare services.


3.1 Demographic

Of the PCPs who participated in the study, 2,953 (34.9%), 3,200 (37.8%), and 2,316 (27.3%) were from the eastern, central, and western regions, respectively. They were mainly 30 to 44 years old (44.5%) and 4.

Five to 60 years old (42.6%), with 8.8% under 30, and 4.1% over 60. The average age was 43.2. In terms of education, 38.5% of PCPs were below high school/secondary school level, 33.9% had an undergraduate education or above (33.9%), and 27.6% had a junior college education. In terms of professional qualifications, licensed doctors or licensed assistant doctors accounted for 62.4%, followed by LVDs at 26.0, 6.3% had other or no professional qualifications, and 5.3% had GP qualifications.

It is worth noting that, in China, medical educational programs include five- to eight-year post-high school training programs, three-year post-high school programs (which are decreasing), four-year post-middle school programs (which have almost disappeared), and “barefoot” doctors (who tend to be farmers with usually just three to 6 months of basic medical training), who take care of the primary healthcare needs in their communities.

Comparing the regions, we found PCPs in the eastern region mainly had undergraduate education or above, PCPs in the central region mainly had reached the level of technical secondary school/high school or below, and PCPs in the western region mainly had a college degree. The top two types of professional qualification in each region were licensed (assistant) doctor and LVD, and the proportion of GPs was relatively low. The differences in age, education, and professional qualifications of PCPs in different regions were statistically significant (p < 0.05) (Table 2).



TABLE 2 Basic demographics of PCPs in the eastern, central, and western regions.
[image: Table displaying demographic data of healthcare professionals across Eastern, Central, and Western regions with a total of 8,469 participants. Age groups, education levels, and professional qualifications are detailed. Eastern and Western regions show the highest proportions of licensed doctors at 74.8% and 57.9% respectively. Age groups 30-44 dominate in all regions. Education levels vary, with the highest percentage in undergraduate and above, notably in the Eastern region at 49.1%. Statistically significant differences are noted (P<0.01).]



3.2 Capability possessed for geriatric health services


3.2.1 Capability possessed for diagnosis and treatment of common diseases

The proportion of PCPs in China with the capability to diagnose and treat common diseases was 76.7%, with a difference in the rate of capability in the eastern, central, and western regions (χ2 = 148.439, p < 0.05). The rate was highest in the central region (80.9%), followed by the eastern region (79.3%), and lowest in the western region (67.7%). The capability possessed in urban and rural areas was 76.3 and 76.9%, respectively (χ2 = 0.451, p = 0.502) (Table 3).



TABLE 3 Capability possessed of geriatric healthcare services.
[image: A table displays data on healthcare capabilities across different regions, divided by urban and rural areas. Categories include "Diagnosis and treatment of common diseases," "Health management," and "Patients with chronic diseases." Each category is broken down into three regions: Eastern, Central, and Western. The table lists the number of respondents and the percentage who possess the capability. Urban and rural totals are also provided for each category, showing differences in capability possession across regions and locales.]



3.2.2 Capability possessed for health management

The proportion of PCPs in China with the capability to provide health management services for older adult people was 91.6%, with a difference in the capability of PCPs from eastern, central, and western regions (χ2 = 60.723, p < 0.05). The central region had the highest capability of PCPs, at 94.5%, and the western region had the lowest rate of PCPs, at 89.1%. The capability of PCPs in rural areas was higher than in urban areas (χ2 = 38.066, p < 0.05) (Table 3).



3.2.3 Capability possessed for patients with chronic diseases

The proportion of PCPs in China with the ability to provide health management services for patients with chronic diseases was 91.9%, and there was a difference in the ability rate of PCPs in the eastern, central, and western regions (χ2 = 39.048, p < 0.05). The capability rate of PCPs in the central region was the highest, 94.2%, and the ability rate in the western region was the lowest, 89.8%. The capability of PCPs in rural areas was higher than in urban areas (χ2 = 34.368, p < 0.05) (Table 3).




3.3 Capability possessed for older adult healthcare by characteristics of PCPs

The survey showed differences in the capability possessed rates of PCPs with different academic qualifications in terms of diagnosing and treating common diseases, managing the health of the older adult, and managing the health of patients with chronic diseases (p < 0.05). In terms of the capability to diagnose and treat common diseases, the capability possessed rate of doctors with undergraduate education or above was higher than that of PCPs with high school education or below (p < 0.05); As for health management capability for both the older adult and for patients with chronic diseases, the lower the education level, the higher the rate of capability (p < 0.05).

There were differences between PCPs with different professional qualifications in the capability to diagnose and treat common diseases, and for managing the health of the older adult and patients with chronic diseases (p < 0.05). The capability rate of licensed (assistant) doctors was higher than that of LVDs (p < 0.05) in terms of the capability to diagnose and treat common diseases. The capability rate of GPs and LVDs was higher for managing the health of the older adult and patients with chronic diseases (Table 4).



TABLE 4 Capabilities for geriatric healthcare services by characteristics of PCPs.
[image: Table showing respondents' capabilities based on education level and professional qualification with P-value less than 0.01. Categories include diagnostic ability, health management of older adults, and chronic disease management, with percentages indicating ability levels. Total respondents: 8,469.]



3.4 Skills possessed and needed in the geriatric healthcare service capability of PCPs

The survey showed that for the 11 specific skills of geriatric healthcare services, the possession rate of PCPs had not reached 95%. The top three for the rate of capability were guidance around physical examinations for the older adult and screening for common diseases, diagnosis and identification of common diseases, and clinical diagnosis of chronic diseases. The lowest rate was for the capability to interpreter common hospital inspection and test reports––a possession rate of 81.9%. For the 11 skills, except for the skill of interpreting common hospital inspection and test reports, more than 90% of the PCPs indicated they needed to use the skills in their daily work. For the skill of interpreting common hospital inspection and test reports, although the percentage of doctors who needed this skill in their daily work was 86.5% (slightly lower than the need for the other skills), it was still higher than the rate of PCPs who had actually mastered this skill (Table 5).



TABLE 5 Skills possessed and needed in the geriatric healthcare service capability of PCPs.
[image: Table outlining skills related to three capabilities: diagnosing and treating common diseases, health management of the older adult, and health management of patients with chronic diseases. Each skill lists the number and percentage of the skill possessed and needed. Numbers show variations between possessed and needed skills across different capabilities, indicating areas of improvement.]




4 Discussion

The Chinese government’s key strategy for coping with an ageing society is to establish an ageing service system that focuses on home-based care. This is not only a need based on the emotional well-being of older adult people and their families, but also a development trend in the international community (30). According to the above analysis results, overall, although there are some differences in the quality of PCPs and their capability to provide older adult healthcare services in the eastern, central and western regions of China, but the differences are not as significant as the economic differences in the three regions. It can be seen that the Chinese government has made a lot of efforts to promote the equity in health resource allocation and has achieved certain results.

Our study showed that China’s PCP workforce was generally weak. We found that PCPs have a low level of education, with only 33.9% of them having completed undergraduate education or above. PCPs are also ageing, with 46.7% over 45 years. There is also a lack of GPs––just 5.3% of the PCPs surveyed. There are certain differences in levels of staff in the three regions, with PCPs in the central region having a low level of education, and the proportion of licensed (assistant) doctors in the eastern region being relatively high. In addition, although the economic level of the western region is the lowest among the three regions, the proportion of licensed (assistant) doctors is not the smallest. Mainly because after deepening the reform of the healthcare system, the Chinese government has strengthened its preferential healthcare policies towards the western regions.

To ensure the supply of healthcare services for older adult people, the Chinese government has put forward a series of policies to promote training, better utilization, and offer incentives for PCPs (31). For example, the Chinese government has adopted a policy of free targeted training for students in medical schools, sending the trained students to grassroots practice, especially to rural areas. There are also policies for promotion and career development that aim to help PCPs optimize their career development paths (32–34).

Overall, our study found that the capability of Chinese PCPs to provide geriatric healthcare services needed to be strengthened. The percentage of PCPs with the capability to diagnose and treat common diseases was 76.7%, which is significantly lower than the capability to manage the health of older adult and chronic disease patients. In terms of specific skills, the skill to diagnose and identify common diseases, as well as the skill to apply commonly used drugs, are relatively good. However the percentage of PCPs with the skill of interpreting common hospital inspection and test reports was 81.9%, which was significantly lower than the percentage of PCPs who needed this skill in their daily work (86.5%). A study in India found that training physicians in interpreting chest X-rays significantly improved their capability to interpret chest X-rays. This may provide some reference for improving PCPs’ skills in interpreting common hospital inspection and test reports (35).

The rates of PCPs’ capability to provide health management services for the older adult and for patients with chronic diseases were 91.6 and 91.9%, respectively. With the approach of integrated care for older adult people, they and chronically ill patients usually need more frequent health monitoring, disease screening, and prevention services. With capability in this area at less than 95%, a number of PCPs are unable to provide basic health management services in this regard. However, in reality, this should be their main job responsibility. A survey in Germany analyzed the main reasons that older adult people consulted a GP and found that the top reason was the follow-up treatment of common cardiovascular and endocrine diseases (36). This highlights the importance of health management services for older adult people and for those with chronic conditions. The Chinese government needs to make further efforts to improve the skills of health management-related services to satisfy the increasing demand for healthcare services.

We found differences in the geriatric healthcare service capabilities of PCPs in different regions of China and between urban and rural areas. PCPs in the western region had the lowest rates of all geriatric service competencies, while the central region had the highest rates. In recent years, China has strengthened the primary healthcare workforce in the western region (37), and the proportion of PCPs under 30 in the western region is relatively high and the educational level of PCPs has increased. However, the actual geriatric healthcare capability has not increased accordingly, which may be related to the lack of experience of primary healthcare services in newly graduated PCPs. The proportion of PCPs with undergraduate education or above is the lowest in the central region, and the proportion of those with high school education or below is the highest. However, those with a high school education or below are often more experienced PCPs who have been engaged in grassroots work for a long time. At the same time, older adult healthcare services can be practical, and those with practical experience are more likely to excel in the work. Therefore, the service capability of PCPs in the central region is better than in other regions.

Our survey also showed that, in addition to the diagnosis and treatment of common diseases, PCPs in rural areas had a better capability to manage the health of older adult people and of patients with chronic diseases than those in urban areas. There are more older adult people in rural areas who tend to have a more stable relationship with their PCPs, therefore, PCPs has more opportunities to interact with the older adult in rural areas and gain rich practical experience (38). As a result, PCPs in rural areas show a higher proportion of capability.

Our findings lead us to believe that attention needs to be paid to the development of basic skills in geriatric healthcare services for PCPs. In terms of healthcare management for older adult people and those with chronic conditions, less-educated PCPs have been shown to have higher capabilities across the range Since PCPs mainly focus on managing common health problems and health guidance in geriatric healthcare services (38), and less-educated PCPs are usually LVDs who have more practical opportunities and experience, so their mastery of frequently used knowledge and skills tends to be better (39). The results also show that there is a high need for PCPs to have the full range of geriatric healthcare skills––the need rate for 10 of the 11 skills exceeded 90%.

The structure of the PCP workforce in China is unlikely to change in the near future, so training in geriatric healthcare-related skills and in improving the mastery of commonly used knowledge and skills should be a key strategy for the development of PCPs and the integrated healthcare service for older adult people.



5 Limitations

Our questionnaire was based on the PCPs’ self-judgment of PCPs’ individual capabilities rather than objective measurements, so the results may not always match the actual situation. And currently, the self-judgment of the older adult’s health service capabilities and needs has only been conducted from the perspective of PCPs. The next step is to further evaluate the level and needs of PCPs’ older adult health service capabilities from the demand side, and provide a multi-dimensional basis for improving the older adult health service capabilities.



6 Conclusion

The policy of integrating eldercare services with medical care aims to meet the needs of older adult people for both health and ageing. PCPs are the main providers of healthcare services for older adult people. Our study found that China’s PCP workforce is generally weak and there are deficiencies in all aspects of geriatric healthcare services. The capability of PCPs varies across regions and between urban and rural areas. China’s PCP workforce should be strengthened with targeted training and the development of basic skills for PCPs in geriatric healthcare services. Firstly, it is imperative to establish and refine a comprehensive training mechanism, providing appropriate training content and formulating supplementary policies to support PCPs’ training. Targeted training programs should be implemented, focusing on various competencies in older adult healthcare service projects, particularly addressing existing skill gaps. Secondly, given the strong practical nature of various older adult healthcare service projects, practical skills can be further enhanced through organizing older adult healthcare service skills competitions and conducting practical drills. Thirdly, all competencies involved in older adult healthcare services should be incorporated into the PCP assessment system, with regular evaluations and assessments conducted. Simultaneously, corresponding incentive mechanisms should be established to complement these efforts. Additionally, the Chinese government has adopted a policy of free targeted training of students in medical schools, sending the trained students to grassroots practice, especially in rural areas. There are also policies for promotion and career development that aim to help PCPs optimize their career development paths (31–33).
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Objective: As the population ages, understanding the association between sleep patterns and physical frailty in older adults is crucial for formulating effective health interventions. This study aimed to explore the relationship among nap time, nighttime sleep duration, and physical frailty in older Chinese individuals; establish recommended sleep times; and provide a scientific and reasonable basis for the prevention and management of frailty in older adults.
Methods: On the basis of the 2020 China Health and Retirement Longitudinal Study database, demographic information, health data, and lifestyle information of the research subjects were obtained. A total of 5,761 survey participants were included, and logistic regression and restricted cubic splines were used to explore the association between sleep duration and frailty.
Results: In our cross-sectional analysis, the duration of napping in older adults did not show a significant correlation with frailty. The optimal nighttime sleep interval for older adults was 7–8 h, and the maximum health benefit was achieved when nighttime sleep reached 7.5 h. Compared with older adults in China who slept 6–8 h at night, those with a sleep duration of <6 h (OR = 1.58, 95% CI: 1.36–1.82) were more likely to be frail. After adjusting for all covariates such as smoking, multimorbidity, self-rated health, social events, education level, and frequency of physical activity, we found no interaction between gender and age concerning sleep duration.
Conclusion: The potential correlation between nighttime sleep duration and frailty in older adults is basically U-shaped. Older Chinese adults with a moderate nighttime sleep duration of 7–8 h exhibited the lowest likelihood of frailty than their counterparts. The duration of napping is not related to the likelihood of frailty in older people. Thus, the importance of sufficient nighttime sleep for the health of older adults must be emphasized.
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Introduction

Physical frailty is a transitional state between robust health and disability, marked by fatigue, reduced muscle mass and strength, and other decreases in physiological functions (1). This is a reversible dynamic pathological process that poses a major challenge for healthy aging (2). The global prevalence of frailty ranges from 4.0 to 59.1%, whereas that in China is 7.0–28.0%, indicating an annual upward tendency (3). Frailty can result in the loss of balance ability in the body and increase the risk of illness, disability, and mortality (4). Adverse outcomes related to frailty include falls, fractures, functional deterioration, and admission to nursing facilities (5). However, frailty can be reversed if treated properly. Targeted therapy of potential causes is crucial to prevent frail older adults from developing more serious diseases (6).

Sleep is essential for health, facilitating hormone secretion, energy metabolism, glucose and cardiovascular regulation, as well as self-regulation and the recovery of physiological processes (7). Recent studies have linked sleep with frailty, including sleep complaints, insufficient or excessive sleep, insomnia, and poor sleep quality (8, 9). With advancing age, changes in sleep duration and the prevalence of sleep disorders are common among older adults, and such individuals with long sleep durations often have poor sleep quality (10). Napping is common among older adults because of various factors including chronic diseases, lifestyle changes, cultural beliefs, and age (11). Studies have shown a significant association between poor sleep quality and frailty in older adults. Poor sleep quality may lead to decreased physical recovery ability, increasing the risk of frailty (12). Excessive and insufficient sleep duration may be related to frailty. Excessive sleep duration may indicate underlying health issues, while inadequate sleep duration may lead to a decline in physical function (13). Napping is prevalent among older adults, and research indicates that long naps are associated with several adverse outcomes in older adults, primarily including depressive symptoms and diabetes (14, 15). About 20–60% of older adults nap during the day worldwide (16). Although previous studies have identified a relationship between sleep duration and physical frailty, most research focuses on nighttime sleep duration (17, 18). Only a few studies have paid attention to the correlation between midday sleep duration and cognitive frailty (19). However, the data from these studies were all obtained before the onset of COVID-19.

The COVID-19 pandemic has significantly influenced society, altering individuals’ lifestyle and health. Consequently, nations have implemented lockdowns and social distancing measures to mitigate the transmission of the virus. These measures have disrupted individuals’ daily routines, including physical exercise and sleep patterns, leading to feelings of loneliness, depression, and sleep problems, particularly affecting older adults (20). These policies restrict outdoor activities for older adults, resulting in a decline in physical function, which is characterized by reduced muscle mass, decreased mobility, and increased risk of non-communicable diseases (21). During the 2019 coronavirus disease pandemic, a relationship between nighttime sleep and frailty was reported among older adults in Thailand, establishing that poor sleep quality and difficulty falling asleep are risk factors for frailty (22). Therefore, the COVID-19 virus may intensify the incidence of frailty in older adults. Amid the COVID-19 restrictions in China, there is insufficient evidence showing an association between physical frailty in older adults and sleep duration. In the current work, we analyzed the latest China Health and Retirement Longitudinal Study (CHARLS) data obtained during the COVID-19 pandemic. We selected this dataset because it best matched the frailty characteristics of older adults at this stage.

This study aimed to explore the relationship among nap time, nighttime sleep duration, and frailty in older adults, as well as establish the optimal sleep duration. This work aimed to provide a scientific and reasonable basis for the prevention and management of frailty in residents. By adjusting nap and nighttime sleep periods, the physical function and quality of life in older adults can be effectively improved. The study findings can provide a basis for the development of public health policies, assisting governments and relevant organizations in creating health interventions aimed at older adults, thereby reducing the burden of frailty on society and the healthcare system. Additionally, the findings can guide community and family care, assisting caregivers and relatives in enhancing their support for frail older adults by providing personalized care plans, fostering healthy aging in this demographic.


Organization of the manuscript

Section 1 serves as the introduction, outlining the background and significance of the study.

Section 2 describes the methods used in the study, including data collection and statistical analysis.

Section 3 presents the results of the analysis, emphasizing key findings.

Section 4 discusses the implications of the findings, compares them with previous studies, and outlines limitations.

Section 5 concludes the study by summarizing the principal findings and their relevance to the field.




Methods


Study population

The data for this study were derived from the 2020 CHARLS data. CHARLS is the first nationally representative survey of middle-aged and older individuals in China. It uses a multi-stage PPS random sampling method based on implicit stratification to guarantee the sample’s representativeness (23). Specifically, in the PPS sampling method, primary sampling units (PSUs) are selected based on population size, with probabilities proportional to their size. Subsequently, secondary sampling units (households) are randomly chosen within each PSU. This approach effectively improves the sample’s representativeness and reduces bias. The CHARLS questionnaire offers data from various modules, including sociodemographic information, psychological status, and health status. Data from each module were gathered via in-person interviews to guarantee accuracy and completeness. The survey included standardized questionnaire tools, and investigators received extensive training to ensure consistency and reliability in the data collection process. The Biomedical Ethics Committee of Peking University granted approval for the 2020 CHARLS survey, with the approval number being IRB00001052-11015.1.2. Participants in the field survey who consented to participate were required to sign two informed consent forms. One of these forms was kept by the participant, while the other was stored in the CHARLS office. The criteria for inclusion in the study were as follows: (1) individuals aged 60 years or older and (2) possessing data concerning the presence or absence of an explanatory variable. The exclusion criteria were as follows: (1) individuals younger than 60 years and (2) those with more than 10% missing values in the relevant variables. Missing values (under 10%) were replaced via multiple imputation. The study comprised 5,761 survey participants. This sample size provides sufficient statistical power to identify the association between sleep duration and frailty in older adults.



Outcome

The duration of nighttime sleep was evaluated using the following question: “How many hours did you actually sleep each night in the past month? (The average time per night, which may be shorter than the time you spend in bed),” which represents the average time of a typical workday and rest day. Previous research on sleep duration has revealed the advantages of 6–8 h of sleep (24). A meta-analysis of 35 sleep studies classified research participants into three categories of nighttime sleep duration: short (<6 h), moderate (6–8 h), and long sleep (>8 h) (25). Nap time was assessed using the following question: “How long did you usually nap in the past month?” Researchers were divided into four groups: no nap (0 min), short nap (<30 min), moderate nap (30–90 min), and long nap (>90 min) (26).



Explanatory variable

The frailty index evaluates the frailty status of older adults. This study refers to the frailty index standard established by Samuel (27), with the included variable standards as follows. (1) The included indicators must be controllable health-related influencing factors. For example, uncontrollable factors such as the emergence of white hair with advancing age were excluded. (2) The incidence of indicators must increase with age. (3) The indicator cannot reach a saturation state prematurely with advancing age; for instance, presbyopia, which reaches saturation at the age of 55 in older adults, cannot serve as a valid impact indicator of frailty. (4) The frailty index adheres to the principle of systematicity and must consist of indicators from several dimensions.

The frailty index standard constructed by Samuel suggests that at least 30–40 indicators should be included. When the number of included indicators is very small (about 10 or fewer), the results will also become unreliable. In other words, the inclusion of additional indicators in the frailty index enhances the accuracy of its calculation. A frailty index derived from 30 to 40 related indicators has been proven by previous studies to possess sufficient accuracy for prediction (28). In addition, research shows that the frailty index can be developed using the majority of the readily available survey indicators in health surveys (29).

According to the frailty index standard constructed by Samuel, the controllable risk factors influencing the frailty of older adults include socioeconomic status, unhealthy lifestyle, disease, dietary behavior, psychological depression, sleep disorders, and cognitive impairment. A total of 34 indicators were selected to construct the FI framework, as follows:

	1. Disease: 13 kinds of chronic diseases, 2 kinds of disabilities, 3 types of visual and auditory conditions, and 2 kinds of health evaluations. 13 chronic diseases: hypertension, dyslipidemia (hyperlipidemia or hypolipidemia), diabetes or hyperglycemia, cancer and other malignant tumors, chronic pulmonary disease, liver disease, heart disease, stroke, kidney disease, gastric disease or digestive system disease, memory-related disease, arthritis or rheumatism, and asthma. 2 kinds of disabilities: physical disability and brain damage intellectual defect. 3 types of visual and auditory conditions: blindness or partial blindness, deafness or partial deafness, and dumb or severe stuttering. 2 kinds of health evaluations: self-rated health and body pain.
	2. Disability: The Katz–ADL score and Lawton–IADL score include 11 indicators, which are used to assess independent living ability and instrumental daily living function. These include dressing independently, bathing independently, eating independently, moving independently (getting up and going to bed), using the toilet independently, controlling bowel and bladder function, handling housework, preparing meals, shopping, managing finances, and making phone calls (30).
	3. Depression: The CESD10 scale is used for evaluation (31, 32).
	4. Cognition: Cognitive function is measured using the method used in the Health and Retirement Study in the United States (33). The Telephone Interview for Cognitive Status is used to determine orientation and calculation, with target items including year, month, day, day of the week, and current season. The total score for the orientation dimension is 5 points, with each item allocated 1 point. In terms of calculation, participants were instructed to repeatedly subtract 7 from 100, performing this procedure five times, with 1 point awarded for each successful operation. Each participant was presented with ten randomly selected words, and immediate word recall was assessed by counting the number of words recalled immediately. In addition, after the participant completed the depression scale survey, calculation tests, and drawing tests, delayed word recall was assessed. The total memory score, that is, the sum of the scores for immediate and delayed word recall, totaled 20 points, with each word valued at 1 point. Here, the interviewer showed a picture to test the participant’s ability to draw it appropriately; if correct, the subject received 1 point. The total cognitive score was defined as the sum of the scores for orientation (5 points), calculation (5 points), memory (20 points), and drawing (1 point), resulting in a total score of 31. To date, there is no consensus on the diagnostic criteria for MCI (34).

Therefore, in this study, we defined MCI as age-related cognitive decline (AACD; i.e., at least 1 standard deviation (SD) below the age standard). All participants aged 60 and above were divided into groups at 5-year intervals, and participants in each age group who satisfied the AACD standard were classified as MCI. The variables of the subsequent dimensions were evaluated based on their type, with the values of two categorical variables assigned as 0 and 1, and the values of three categorical variables were assigned as 0, 0.5, and 1, respectively, and so on.

The calculation method for the FI is the number of health defects divided by the total number of subjects (34 in this study). Its range was 0–1; a high value implies high frailty, with FI ≥0.25 defined as frail.



Other covariates

The analysis included a set of potential confounding variables. For sociodemographic data, we selected variables including age (60–69 years, 70–79 years, and 80 years and above), gender (female or male), education level (illiterate, primary school, or junior high school and above), region (urban or rural), marital status (married, divorced, widowed, or unmarried), occupational status (retired, continue to work after retirement, working, or unemployed), and living alone (yes or no). Lifestyle factors included smoking (yes or no), drinking (yes or no), social events (yes or no), and frequency of physical activity (0 times a week, 1–4 times a week, or more than 4 times a week). Health status involved multimorbidity (yes or no).



Statistical methods

Statistical analysis was performed using R 4.2 software. The mean and standard deviation (mean ± SD) of continuous variables and the frequency (N) and percentage (%) of categorical variables were used to describe the baseline characteristics of different types of sleep duration in older adults. For continuous variables (e.g., hours of sleep), we calculated the mean and standard deviation to capture the central tendency and variability. For categorical variables (e.g., gender), we used frequency and percentage to describe the distribution. Univariate analysis was performed to test continuous variables with ANOVA and categorical variables with the χ2 test, with nap and nighttime sleep duration as the reference group to construct a logistic regression model. ANOVA was chosen for continuous variables to assess the mean differences among groups, whereas χ2 tests were used for categorical variables to evaluate the association between categorical data. The variance inflation factor (VIF) was used to measure multicollinearity among independent variables, and the Box–Tidwell method was used to test the linear relationship between the logarithmic values of continuous independent and dependent variables. Model 1 included the nighttime and nap time of older adults, Model 2 controlled for demographic variables, and Model 3 included all covariates. Restricted cubic splines were plotted to explore the dose–response relationship between sleep duration and frailty in older adults. This technique allowed us to model and visualize the nonlinear relationship between sleep duration and frailty risk, providing a nuanced understanding of the dose–response relationship. In addition, subgroup analysis revealed that, after adjusting for related covariates, age- and gender-specific factors influencing the impact of sleep duration on frailty in older adults were determined. Subgroup analyses were conducted to assess whether the relationship between sleep duration and frailty varies by age and gender, providing insights into potential effect modifiers. p values were used for two-sided tests, and p < 0.05 was considered statistically significant.




Results


Participant characteristics

The final effective sample of this study comprised 6,430 older adults people: 3190 were females (55.37%), with an average age of 68.27 ± 6.18 years, and 1,408 (24.44%) suffered from physical frailty. There were 3,589 people (62.30%) who were illiterate, 532 people (9.23%) residing in urban areas, 4,412 individuals (76.58%) who were married, 492 people (8.54%) reporting extremely poor self-rated health, 3,330 people (57.82%) who have not participated in any social events within the past month, 2,468 people (42.84%) with a nighttime sleep duration of less than 6 h, and 2,154 people (37.39%) without a habit of napping. The differences among the variables of region, living alone, naptime, and drinking were not statistically significant (p > 0.05), whereas the differences among other variables were statistically significant (p < 0.001). Table 1 shows specific basic characteristics.



TABLE 1 Basic characteristics of study participants (n = 6,430).
[image: Table displaying demographic and lifestyle data comparing robust and frail individuals (n=5,761). Categories include age, gender, region, marital status, living alone, self-rated health, nap time, nighttime sleep, social events, smoking, drinking, education level, multimorbidity, physical activity frequency, age distribution, and occupational status. Statistical tests used include t-test and chi-square, with significant P-values indicated.]



Logistic regression of the relationship between sleep duration and frailty in older adults

For the diagnosis of multicollinearity, a VIF value greater than 10 is considered indicative of multicollinearity and will be eliminated. In our data, all VIF values were below 10, so no variables needed to be excluded. The Box–Tidwell test results showed that the continuous independent variables (age, nighttime sleep, and nap sleep time) had a linear relationship with the dependent variable (frailty) (p > 0.05). The results of the logistic regression model showed that, after controlling for all covariates in Model 3, older adults with nighttime sleep durations of 6–8 h and over 8 h were less likely to experience frailty compared with those with less than 6 h of nighttime sleep. The duration of napping in older adults did not show a significant correlation with frailty (Table 2).



TABLE 2 Logistic regression table of the relationship between sleep duration and frailty in older adults.
[image: Table comparing the effects of nighttime sleep and nap time on three models. Nighttime sleep categories are less than 6 hours, 6 to 8 hours, and more than 8 hours, with model one showing 6 to 8 hours has a value of 0.50 and greater than 8 hours at 0.71. Nap time categories are zero minutes, less than 30 minutes, 30 to 90 minutes, and more than 90 minutes. Model one shows no nap at 1.00 reference, while more than 90 minutes has a value of 1.19. Annotations indicate significance. The model details are explained in the footnotes.]



Dose–response relationship between sleep duration and frailty in older adults in China

The dose–response relationship graph depicting sleep duration and frailty among older adults in China reveals a U-shaped relationship (p < 0.001), indicating that frailty in older adults in China is minimized at a nighttime sleep duration of 7–8 h. Figure 1 presents details of this graph.

[image: Graph showing the odds ratio with a 95% confidence interval for nighttime sleep duration in hours. The curve is initially above one, dips below one around 6 hours, then rises again after 8 hours. The shaded area represents the confidence interval. Statistical significance is indicated with P-values for overall and nonlinear trends, both less than 0.001.]

FIGURE 1
 Dose-response relationship between nighttime sleep duration and frailty in the older adults. The x-axis represents sleep duration. The y-axis indicates the OR calculated by the model. The shadowed area represents the 95% confidence interval (test for overall trend: P < 0.001; test for nonlinear trend: P < 0.001).


Given that frailty among older adults in China is lower level with a nighttime sleep duration of 7–8 h, we used 6–8 h as the control group to construct a logistic regression model. The results are shown in Table 3. Compared with older adults in China who sleep 6–8 h at night, a sleep duration of <6 h (OR = 1.58, 95% CI: 1.36–1.82) is associated with an increased probability of frailty.



TABLE 3 Logistic regression to adjust the association between nighttime sleep grouping and frailty in older adults.
[image: Table showing nighttime sleep time variables with associated Beta, Standard Error (S.E.), Z, P values, and Odds Ratio (OR) with 95% Confidence Interval (CI). For sleep less than 6 hours, Beta is 0.45, S.E. is 0.07, Z is 6.11, P is less than 0.001, OR is 1.58 (1.36 to 1.82). For sleep more than 8 hours, Beta is 0.12, S.E. is 0.13, Z is 0.95, P is 0.345, OR is 1.13 (0.88 to 1.44). The reference is 6 to 8 hours of sleep with an OR of 1.00. The model is adjusted for all covariates.]



Subgroup analysis of nighttime sleep duration and frailty in older adults

After adjusting for all covariates such as smoking, multimorbidity, self-rated health, social events, education level, and frequency of physical activity, this study identified age- and gender-specific factors influencing nighttime sleep duration on frailty in older adults.

For all nighttime sleep durations in older adults, we found no significant interaction between gender and frailty (p > 0.05). This result indicated that the effect of nighttime sleep duration on frailty in older male and female adults did not differ. Within a nighttime sleep duration of <6 h, both males and females exhibited a significantly increased risk of frailty. Within a nighttime sleep duration of 6–8 h, the likelihood of frailty significantly decreased for males and females. Within a nighttime sleep duration of >8 h, the effect of gender on frailty was not statistically significant, indicating that a sleep duration exceeding 8 h may not significantly affect frailty in older adults (Table 4).



TABLE 4 Subgroup analysis of age and gender-specific factors for nighttime sleep duration and frailty in older adults.
[image: Table presenting the relationship between nighttime sleep duration, gender, age, and frailty. It is divided into three sections: sleep under six hours, six to eight hours, and over eight hours. Each section details robust and frailty numbers, odds ratios with confidence intervals, and P-values for interactions, distinguishing between gender and age groups.]

No significant interaction was found between age and the effect of nighttime sleep duration on frailty in older adults (p > 0.05). However, the likelihood of frailty varies across different age cohorts. Older adults under 80 years of age exhibited a higher propensity for frailty associated with age while obtaining <6 h of nighttime sleep, and those experiencing insufficient sleep demonstrated an elevated risk of frailty. Adults under 80 years of age were less prone to frailty with 6–8 h of nighttime sleep. The effect of age on the probability of frailty was not statistically significant for a nighttime sleep duration of >8 h.




Discussion


Major findings

This cross-sectional analysis revealed a U-shaped association between the duration of nighttime sleep and the likelihood of frailty. The length of midday sleep is linearly correlated with the occurrence of frailty. The ideal nighttime sleep duration for older adults is 7–8 h, with maximum health benefits achieved at 7.5 h of sleep. Older adults in China who sleep less than 6 h are more likely to be frail compared with those who sleep 6–8 h (OR = 1.58, 95% CI: 1.36–1.82). The duration of napping in older adults is not significantly associated with the likelihood of frailty. After adjusting for all covariates such as smoking, multimorbidity, self-rated health, social events, education level, and frequency of physical activity, subgroup analysis showed no relationship between nap time and the frailty status of older adults. By contrast, we observed a relationship between nighttime sleep time and the frailty status of older adults, which was consistent across genders and among individuals under 80 years of age. The likelihood of frailty increases for older persons under 80 years of age who have less than 6 h of sleep, but 6–8 h of sleep appears to be associated with a lowered incidence of frailty. These findings underscore the importance of adequate nighttime sleep for the health of older adults.



Comparison with previous study

Napping is one of the main forms of daytime sleep. Previous research have demonstrated a relationship between daytime sleep duration and adverse health outcomes (35, 36). The duration of napping in older adults is not significantly associated with the likelihood of frailty. This contradicts the results of a previous study, which indicated that extended napping times are associated with an increased probability of cognitive and physical frailty among older adults in nursing facilities (37). Prior longitudinal research on factors related to cognitive frailty in middle-aged and older adults based on the ecological model of health identified a nap time of 30–60 min as a protective factor (38). However, this study also determined that an appropriate nap time was not associated with physical frailty in older adults.

The duration of nighttime sleep and the likelihood of frailty exhibit a U-shaped relationship (39, 40). Short and long sleep durations are associated with health issues, whereas adequate high-quality sleep promotes the body’s self-repair mechanisms (41). Research indicates that the odds ratio (OR) for physical weakness is significantly higher for nighttime sleep durations of ≤6 h (OR = 1.53, 95% CI: 1.26–1.87) and ≥ 9 h (OR = 2.39, 95% CI: 1.90–3.00) compared with 6.1–8.9 h (41). A meta-analysis of 10 studies showed that nighttime sleep durations of >8 h and < 6 h are significantly associated with a heightened risk of frailty in older adults compared with a nighttime sleep duration of 6–8 h (42). Patients with short (<6 h) and long (≥9 h) sleep durations have FI scores that are 16% (95% CI 6, 28%) and 11% (95% CI 0, 23%) higher, respectively (43). The observational results regarding the relationship between sleep duration and frailty are also inconsistent. Previous studies involving Japanese (41) and Danish (44) populations indicated that long (≥9 h) and short (≤6 h or ≤ 5 h) sleep durations are associated with an increased likelihood of frailty. However, in older adults in the United States (39), only extended sleep durations (≥10 h, ≥9 h, or ≥ 8 h) are associated with an increased incidence of frailty.

This study found that the likelihood of frailty increases for older adults who sleep less than 6 h; however, when nighttime sleep exceeds 8 h, this relationship does not vary among different gender groups. The conclusions of previous studies are inconsistent. One study found that only a short sleep duration (<5 h or < 6 h) is related to frailty in women, but not in men (45). A survey of older adults in Korea indicated that, after adjusting for confounding variables, the OR value for frailty in women is significantly higher in the short sleep duration group (OR = 2.61, 95% CI = 1.91–4.83) and the long sleep duration group (OR = 2.57, 95% CI = 1.36–3.88) than in the medium sleep duration group, whereas no such association was observed in men (46). A study from China reported that prolonged sleep duration (≥9 h) is correlated with frailty in men, whereas short sleep duration (<6 h) is related to frailty in women, indicating a gender-specific association (47). These inconsistencies may stem from differences in frailty measurement, methods of assessing sleep duration (self-report vs. actigraphy), or classifications of sleep duration (short sleep duration defined as <5 h, <6 h, or < 7 h) (39, 48). The ambiguous results of these studies also raise the question of whether older adults in various countries or regions have different sleep requirements (49). This study found no interaction among age, gender, and sleep duration. Previous research on populations under 60 years of age identified a significant interaction between sleep and gender, indicating that sleep exerts a protective effect on men and women. Therefore, the influence of gender on frailty must be assessed. Gender variations must be considered when formulating future preventive frailty intervention strategies.

Age contributes to frailty, and our research confirmed that frailty is a syndrome related to age. This study found that older men were more likely to become frail than older women. Prior studies indicate that women have a longer lifespan than men, but they frequently exhibit greater frailty than men of the same age (50). After women reach menopause, diminished estrogen levels can lead to a deficiency in vitamin D, adversely affecting neuromuscular balance and muscle strength, thereby increasing susceptibility to physical frailty (3). However, some studies revealed gender differences in the influence of frailty on adverse health outcomes, with males experiencing greater negative effects than women, which was consistent with the paradox of health survival between genders (51). Previous research have demonstrated that comorbidity is a significant risk factor for frailty (52–54). This result was consistent with the findings of this study. A meta-analysis in 2019 on the occurrence of cognitive-related frailty found that 72% of frail individuals presented with multimorbidity (55). The relationship between smoking and frailty is unclear, but it may be due to multiple factors, as tobacco smoke comprises a mixture of numerous toxic chemicals and compounds that affect various tissues and organs (56). In addition, smoking has been proven to be correlated with various physical and mental ailments, including chronic obstructive pulmonary disease, cardiovascular disease, and stroke, which may result in a deterioration of physical and cognitive performance (56). Research from numerous countries consistently demonstrated a positive association between smoking and increased frailty (57, 58). This study also found that an increase in weekly physical activities is correlated with a reduction in the incidence of frailty among older adults. Previous literature supports the association between MVPA and reduced frailty, and physical exercise can protect or improve the function of many physiological systems that deteriorate during frailty (59). Social interaction refers to behaviors that meet social and interactive needs, including physical, cognitive, and social activities (55). Engaging in social activities is an important aspect of social participation. Our research showed that individuals engaged in social activities exhibit a reduced likelihood of PF. The stress hypothesis posits that participating in social activities can reduce psychological stress and depression, lower cortisol levels, and enhance hippocampal neurons and physical function (60).




Limitations

First, the measurement of sleep duration relies on self-reporting. Previous studies have demonstrated that individuals frequently overestimate their overall sleep time when self-reporting. Future research must employ objective tools to validate the association between sleep duration and frailty. Second, the cross-sectional study design inhibits our ability to determine causality. This design limitation means we can only reveal associations rather than infer causative relationships. Longitudinal studies are necessary to establish causality and better understand the temporal dynamics of sleep duration and frailty. Third, the data used for analysis are existing secondary data from CHARLS, not data specifically collected for the study of sleep and frailty. The results of this study are based on a nationally representative sample of community-dwelling older adults, so they may not be applicable to older adults in clinical settings. Despite these limitations, our research results are meaningful because they reveal a significant association between sleep duration and frailty in older adults. In the future, we will gather the latest data after COVID-19 and develop a new longitudinal data model to better investigate these relationships.



Conclusion

Our findings indicate that, after adjusting for potential confounders, the duration of napping in older adults is not significantly associated with the likelihood of frailty. Furthermore, a U-shaped relationship exists between nighttime sleep duration and the probability of frailty, with optimal health benefits occurring around 7.5 h of sleep. Therefore, maintaining a nighttime sleep duration of 6–8 h is crucial for the health and well-being of older adults.

Policy makers should highlight the importance of adequate nighttime sleep among older adults. Public health initiatives can educate communities about healthy sleep practices and the dangers linked to inadequate and excessive sleep. Additionally, community and family healthcare providers should offer personalized sleep guidance and assistance to help older adults in establishing consistent sleep routines.

Healthcare professionals should incorporate sleep assessments as a critical component of health management for older adults. Regular monitoring and prompt treatment for sleep disorders can mitigate the prevalence of frailty. Individuals with sleep problems, tailored treatment plans, including behavioral therapy and medication, can improve sleep quality and overall health.

Further research should investigate the association between sleep and other health indicators in older adults to establish a thorough basis for improving the health of this demographic. Through continuous research and policy implementation, we may effectively reduce frailty risks and enhance the quality of life for older adults.
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Background: With the accelerated increase in the population of seniors aged 60 years or older in Saudi Arabia, understanding the utilization of senior residential care homes is crucial for improving service delivery and policy planning to meet the care transformation objectives of Vision 2030.
Objective: To assess the distribution and determinants of senior residential care home utilization across Saudi Arabia’s 13 administrative regions, focusing on predictors of functional dependency among different socio-demographic groups.
Methods: This study analyzed data from 283 Saudi individuals aged ≥65 admitted to social residential care homes in 2021. Variables included age, sex, education level, marital status, region, and reasons for service use. Statistical analyses comprised descriptive statistics, chi-square tests, independent t-tests, and multivariable logistic regression.
Results: The Makkah region had the highest number of senior residential care home users (56.8%; p < 0.0001). Most participants were men (67.8%), while women constituted 32.2%. The mean age was 78.9 years (SD = 10.6), with women being significantly older than men (p = 0.014). Illiteracy was prevalent (73.5%), particularly among women (82.4% vs. 69.3% for men; p = 0.006). Most participants were divorced (68.2%), with higher rates among men (84.9% vs. 33% for women; p < 0.0001). The primary reasons for utilizing residential care home services were old age and functional dependency (88.5% of men and 83.4% of women). Multivariable logistic regression indicated that being in the age group 75–84 years (odds ratio [OR] = 1.62, 95% confidence interval [CI] = 1.02–1.81, p < 0.001), 85 years and above (OR = 2.63, 95% CI = 1.28–3.11, p < 0.001), and being single (OR = 2.43, 95% CI = 1.14–5.13, p = 0.019) were significant predictors of old age and functional dependency.
Conclusion: The study highlights regional and socio-demographic variations in senior residential care home service utilization in Saudi Arabia, emphasizing the need for targeted interventions and policies aligned with Saudi Arabia’s Vision 2030 to enhance service accessibility and effectiveness for the aging population.
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1 Introduction

The global population is aging at an unprecedented rate due to significant social and economic changes. By 2030, one in six people worldwide is projected to be 60 years or older, a figure expected to double to 2.1 billion by 2050, with more than two-thirds residing in low- and middle-income countries (1, 2). In the Arab world, countries such as Algeria, Bahrain, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, and Tunisia are collectively expected to have 103 million older persons by 2050 (1).

In Saudi Arabia, the aging trend is particularly pronounced. Recent statistics from the General Authority for Statistics indicate that seniors currently constitute approximately 1.3 million individuals, accounting for 5% of the total population (2). Projections suggest that by 2050, this number will surge to over 10 million people aged 60 or older (3).

Three primary factors contribute to the aging population in Saudi Arabia. First, there has been a significant decline in fertility rates over recent years, with United Nations projections indicating a decrease to 1.7 children per woman by 2050 (4). Second, life expectancy has markedly increased—from 42 years in 1950 to 74 years in 2010—and is expected to reach 82 years by 2050, particularly among women (5). Third, declining mortality rates have led to a smaller younger generation and a growing senior population (3). These demographic shifts present substantial challenges in meeting the needs of older adults in Saudi Arabia.

In response to these challenges, the Saudi government has launched numerous initiatives to improve the quality of life for seniors, both in the community and within care homes, under the supervision of the Ministry of Human Resources and Social Development (HRSD). This commitment reflects the nation’s adherence to Islamic values of reverence and care for the older adults. The Ministry operates 12 residential care homes that provide free comprehensive care—including health, social, and psychological support—under Saudi healthcare and social security laws (6). Additionally, the Social Security Agency offers financial and in-kind assistance to seniors and their families, supplying essential items such as wheelchairs, hospital beds, hearing aids, and other necessary devices (7). Innovative practices include the establishment of mobile units to deliver health and care services to older individuals, a strategy also adopted by Bahrain and Oman (1). Other Arab countries have implemented supportive policies, such as tax incentives in Jordan, welfare provisions in Kuwait, long-term care insurance in Egypt, Jordan, and Oman, and pension laws in Lebanon (8).

Beyond financial and material support, the Social Security Agency implements a home care program for seniors through regular follow-up visits within their family environments. As part of the National Transformation Program, the HRSD is initiating the establishment of five model oases tailored to the needs of seniors, offering comprehensive health services, physiotherapy, and recreational facilities. Furthermore, the private sector is permitted to establish 13 specialized civil societies for seniors, ensuring service coverage across all regions of Saudi Arabia (7).

Given the rapid increase in the older adults population globally (9) and in the Arab region (1), particularly in Saudi Arabia (3), it is essential to understand the needs of seniors residing in residential care facilities and the environments in which they live and interact. Addressing these needs is a significant public health concern (10) and is crucial for achieving the care transformation goals outlined in Saudi Arabia’s Vision 2030 (11). Despite the importance of this issue, there has been a lack of comprehensive analysis of the demographics and service utilization patterns in senior residential care homes within Saudi Arabia (12).

Therefore, this study aimed to assess the distribution and determinants of senior residential care home utilization across Saudi Arabia’s 13 administrative regions, focusing on predictors of functional dependency among different sociodemographic groups. By identifying these factors, the study seeks to inform targeted interventions and policies to enhance service accessibility and effectiveness for the aging population, aligning with the objectives of Vision 2030.



2 Materials and methods


2.1 Study design

This study employed a cross-sectional design to assess the distribution and determinants of senior residential care home service utilization in Saudi Arabia, as recent studies have done in this senior population (13, 14).



2.2 Sample size

Given that our study aimed to include all seniors aged 65 years and older residing in government-operated residential care homes across Saudi Arabia, the sample size reflects the total available population meeting the inclusion criteria at the time of data collection. Therefore, a formal sample size calculation was not required.



2.3 Study population

The study population included 283 Saudi seniors 65 years and older who were admitted to senior residential care homes in the 13 administrative regions of Saudi Arabia in 2021. The data included both men and women participants and covered various sociodemographic factors.



2.4 Ethical consideration

This study did not require formal ethical approval because it utilized publicly available data provided by the Ministry of HRSD. The dataset used in this study can be accessed through the Saudi Open Data Platform.1 There was no direct interaction with study participants, and all data were fully anonymized to protect individual identities. The research was conducted following the principles outlined in the Declaration of Helsinki.



2.5 Data collection

On March 18, 2021, publicly available data were obtained from the Ministry of HRSD using standardized pre-validated forms to ensure consistent and accurate reporting of variables. These forms capture detailed sociodemographic information, including age, gender, education level, social status, and region of residence. The Ministry of HRSD operates senior residential care homes in Saudi Arabia to offer care and accommodations for all senior men and women citizens unable to take care of themselves and whose family members are also unable to provide the necessary care (9). Government residential care, which encompasses social, medical, and psychological care, as well as a variety of activities such as professional, recreational, and athletic activities, is overseen by a functional body that includes all disciplines through these institutions.



2.6 Variables

The primary variables of interest included age, gender, level of education, social status, region and branch, and reasons for the use of services. Age was categorized into 65–74, 75–84, and 85+ years. Gender was recorded as men and women. Education level was classified as illiterate, reads only/reads and writes, elementary or less, middle school, high school, diploma, or university. Marital status was documented as single, married, or divorced. The region and branch referred to the administrative area, such as Makkah or Riyadh, and the specific branch of the senior residential care home. The reasons for service utilization included chronic medical conditions, epilepsy and functional dependency, family breakup/retardation, old age, and functional dependency, psychological conditions, and not reporting.



2.7 Data analysis

All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, United States), with a significance threshold set at p < 0.05. Descriptive statistics were employed to summarize the data, including means, standard deviations, counts, and percentages. Chi-square tests were utilized to evaluate the significance of categorical variables, while independent t-tests were applied for continuous variables. Multivariable logistic regression analyzed the relationship between sociodemographic characteristics and old age and functional dependency. Results were reported as odds ratios (OR) with corresponding 95% confidence intervals (CIs).

In the multivariable logistic regression analysis, the dependent variable was the reason for utilizing senior residential care homes, categorized into two groups: “old age and functional dependency” and “other reasons” (which included chronic medical conditions related to aging, epilepsy, family breakup/retardation, psychological conditions, and unspecified reasons). The “other reasons” category was used as the reference group. Independent variables included gender (with men as the reference group), age groups (65–74 years as the reference group, compared to 75–84 years and 85+ years), educational level (middle school/high school/diploma/university as the reference group, compared to read-only, read & write, unspecified, elementary or less, and illiterate), and marital status (married vs. unmarried).




3 Results

After excluding participants under 65 years of age (n = 130) and non-Saudi nationals, a total of 283 Saudi seniors aged 65 years and older were included in the study (Figure 1). Among them, 192 (67.8%) were men and 91 (32.2%) were women. Women were significantly older than men, with mean ages of 80.5 years for women and 77.3 years for men (p = 0.014). Age distribution revealed that a higher proportion of men were in the 65–74 years age group compared to women (47.1% vs. 32.2%), whereas a greater proportion of women were aged 85 years and older compared to men (34.5% vs. 21.8%, p = 0.037).

[image: Flowchart showing study sample selection. Initial sample: 415 individuals aged 45 and above. Exclusions: 130 individuals under 65, 2 non-Saudis. Final sample: 283 individuals aged 65 and above, divided into 192 men and 91 women.]

FIGURE 1
 Flow chart of the study participants.


Illiteracy was prevalent among the participants, particularly among women (82.4% vs. 69.3% in men, p = 0.006). The majority were divorced (68.2%), with a significantly higher proportion among men than women (84.9% vs. 33%, p < 0.001). Conversely, a higher proportion of women were married compared to men (27.4% vs. 9.4%). Nearly all participants utilized senior residential care homes (99.6%), with no significant difference between genders (p = 0.490).

Geographically, the highest percentage of users was from the Makkah region (56.8%), with men (28.3%) and women (28.6%) equally represented. Riyadh followed with 31.6% of users (15.4% men and 16.2% women), and Al-Madinah accounted for 28.1% of users, with more women (17.6%) than men (10.5%). Other regions with notable usage included Asir (24.2%), Jizan (13.4%), the Eastern Region (12.8%), and Al-Qassim (12.3%), all showing balanced gender distributions. Minimal representation was observed from Tabuk (2.7%), Al-Baha (2.2%), the Northern Border (1.6%), Al-Jawf (1.6%), Najran (1.1%), and Ha’il (0.1%). Branch-specific data indicated that the Makkah branch had the highest percentage of users (43.0%), comprising 23.1% women and 19.9% men. The Abha branch followed with 36.6% of users (20.9% women and 15.7% men), and the Riyadh branch had 36.0% (18.7% women and 17.3% men). Other notable branches included Madinah, Taif, Dammam, and Unizah, each with varying gender distributions (Table 1).



TABLE 1 Demographic characteristics of seniors in senior residential care homes by gender.
[image: Table showing demographic and administrative data of 283 individuals, divided into men (67.8%) and women (32.2%). Categories include age, educational level, marital status, service used, administrative regions, and senior residential care home branches. Statistical significance is marked by asterisks, with notable differences in age and regional distribution.]

The most common reason for utilizing senior residential care homes was “old age and functional dependency,” reported by 88.5% of participants overall, with similar proportions among men (88.5%) and women (83.5%) (Figure 2). The next most common reason was “chronic medical condition increasing with age,” cited by 14.5% of users (6.8% men and 7.7% women). “Old age and functional dependency” was particularly prevalent among men aged 65–74 years (44.5%), women in the same age group, and those aged 85 years and older (each 35.2%). Among illiterate participants, this reason was reported by 76% of men and 86.8% of women. It was also the primary reason among married men (69.4%) and single women (43.5%), with most single women (66.7%) citing it as their primary reason (Table 2).

[image: Bar chart titled "Comparison of Conditions by Gender" illustrates various conditions causing inability to serve oneself. Conditions include epilepsy, psychological conditions, and old age, among others. The chart shows percentages for men and women, with old age and inability to serve oneself having the highest percentage, at 88.5% for men and 83.5% for women. Other conditions show very low percentages, mostly around 1.1% to 7.7%.]

FIGURE 2
 Reasons for utilizing senior residential care home services by gender.




TABLE 2 Distribution of social status in men and women who utilized senior residential care home services based on various reasons.
[image: Chart displaying demographic characteristics for men and women, divided by age group, educational level, and marital status. Men total 192 (67.8%), with most in old age/functional dependency, while women total 91 (32.2%). Majority are illiterate, particularly among women. Most men are married, whereas a significant portion of women are single. Statistical notes indicate significance at p < 0.05.]

In multivariable logistic regression analysis, being in the age group of 75–84 years (OR = 1.62, 95% CI = 1.02–1.81, p < 0.001) and 85 years and above (OR = 2.63, 95% CI = 1.28–3.11, p < 0.001) were significant predictors of utilizing senior residential care homes due to “old age and functional dependency.” Additionally, being single was associated with higher odds of using these services for the same reason (OR = 2.43, 95% CI = 1.14–5.13, p = 0.019) (Table 3).



TABLE 3 Regression analysis of the association of socio-demographic status with age and functional dependency.
[image: A table showing odds ratios with 95% confidence intervals and p-values for different demographic characteristics. Categories include gender, age group, educational level, and marital status, with specific values listed for each subgroup. The age groups 74-84 and 85 and above show significant p-values below 0.001, indicating statistical significance. Other categories do not show significant p-values.]



4 Discussion

This study assessed the distribution and determinants of senior residential care home utilization in Saudi Arabia’s 13 administrative regions, focusing on functional dependency predictors across socio-demographic groups. The study found that senior residential care home utilization in Saudi Arabia’s 13 regions is highest in Makkah, with age groups 74–84, 85 and above, and single individuals being the strongest predictors of old age and functional dependency.

These findings are almost identical to those of an earlier study (15) that described the characteristics of Saudi seniors. According to that research, the average age was 70.1 years, and approximately 70% of seniors lack literacy. A recent randomized controlled pilot study revealed that the average age of Saudi seniors receiving the Makkah senior residential care home is 74.4 years (16). Furthermore, an earlier investigation showed that the average age of senior residents living in nursing homes ranged from 76 to 92 years (17). The current sample had an average age of 78.9 years, and 73.5% of the population, particularly the majority of women (82.4%), were illiterate. A recent study (13) found that health illiteracy was one of the factors preventing some seniors from using senior residential care home services.

An important way to actively address population aging is to appropriately allocate resources to senior residential care homes. However, this study found that Riyadh has the second highest proportion of users of senior residential care homes, after Makkah. A recent Chinese study (18) reported major adverse impacts of aging associated with the unequal distribution of senior residential care homes. Similarly, the results of a recent European study (19) added to the ongoing discussion about the challenges posed by aging populations and their interaction with social care systems.

The results of the study indicate that the main causes of the use of senior residential care home services in Saudi Arabia were old age and functional dependency. However, the best available evidence suggests that motivational interviewing in senior residential care home settings effectively improves participation in physical activity among seniors (20). Forty-six index studies from Australia, Canada, Chile, Hong Kong, the United Kingdom, and the United States provide evidence that interdisciplinary care is used as a structural approach to coordinate care for women in need of multi-agency health and social services (21). Therefore, when designing insurance plans for long-term residential care homes for seniors, policymakers must consider psychological capabilities, psychological motivations, interdisciplinary care (22), and a multidisciplinary approach (23). Furthermore, the establishment of a government agency that could provide equitable assistance to seniors in senior residential care home facilities in Saudi Arabia’s 13 administrative regions (21–23) could be promoted. This agency would use a variety of techniques in the investigation of interventions for senior residential care homes to target vulnerable populations, including the illiterate and those living alone.

Public health priorities continue to include the address of social isolation and loneliness in older adults living alone. The COVID-19 epidemic imposed restrictions that increased the need for services to help these individuals overcome social isolation and loneliness and limited the ability of senior residential care home providers to provide these services. To address loneliness and social isolation in seniors living alone, recent studies (24, 25) that examined the experiences of social care providers suggest that phone calls were the most popular way to promote social interaction, leveraging devices that seniors already had (e.g., smartphones for video calls). Furthermore, a recent study revealed that prioritizing seniors with depressive symptoms in support policies is necessary to encourage aging in place (26).


4.1 Implication

Although the quality of healthcare in Saudi Arabia has improved dramatically at all levels over the past few years (27) the senior residential care home service recognizes the need to address social factors to further improve health equity (28). Like many other countries around the world, Saudi Arabia is investing in and trying to improve the quality of social and health care, including the creation of ecosystems of personal data stores in these fields (29). Despite significant improvements, quality barriers persist because the population is growing and the demand for healthcare by patients is increasing. The following categories can be used to group factors that affect the health and quality of senior residential care homes: job satisfaction, workload, culture, literacy, and access to care. Research shows that social determinants affect health, leading to a focus on patient social needs and risk factors (30). This could involve connecting patients with public and private senior residential care home services. However, questions remain about the incorporation of senior residential care homes and infrastructure, even though Saudi Arabia has made notable progress in improving population health in recent decades. The findings of this study will support policy planning initiatives to modernize the country’s old senior residential care home system to achieve the “Vision 2030” goal. This will be achieved by increasing the effective use of these services throughout the country to improve health and reduce health inequities based on specific sociodemographic contexts. “Vision 2030” is the national developmental and economic strategy that Saudi Arabia advocates. The vision outlines the nation’s aspirations to become a global leader by accomplishing three key objectives: a strong economy, an ambitious national agenda, and a lively society. To achieve this, the country introduced in June 2016 a national transformation program (NTP) based on “Vision 2030.” One of the eight topics of the NTP is the transformation of care (12).



4.2 Strength and limitations

This study provides a pioneering assessment of the distribution and determinants of senior residential care home utilization across all 13 administrative regions of Saudi Arabia, focusing on key sociodemographic factors such as age, educational level, and marital status. By exclusively utilizing data from centers operated by the Ministry of Human Resources and Social Development, the findings offer a comprehensive and nationally representative overview of public senior care services within the country. The nationwide scope and focus on ministry-affiliated centers enhance the generalizability of the results, providing valuable insights into seniors care practices in the unique cultural and societal context of Saudi Arabia.

However, several limitations should be acknowledged. First, the cross-sectional design of the study limits the ability to establish causal relationships between the identified determinants and the utilization of senior residential care homes. Longitudinal studies are needed to infer causality and understand temporal trends. Second, reliance on data solely from ministry-operated centers may limit the applicability of the findings to the broader spectrum of senior care facilities, excluding private and non-governmental institutions. This focus might affect the generalizability of the results to all forms of seniors care services available in the country. Third, the absence of detailed clinical data constrains the depth of analysis regarding health-related reasons for institutionalization. Categories such as “chronic medical conditions with increasing age,” “epilepsy and functional dependency,” and “psychological condition” were not further specified due to data limitations, hindering a nuanced understanding of specific conditions like neurological disorders, dementia, depression, or anxiety that significantly impact care needs. Lastly, the use of administrative data may introduce biases related to record-keeping practices and does not capture the perspectives or experiences of the seniors themselves.

Future research should aim to include a more diverse range of care facilities, incorporate detailed clinical assessments, and employ longitudinal designs to better elucidate causal pathways. Including data from private and non-governmental centers would provide a more comprehensive picture of senior care utilization across Saudi Arabia. Additionally, qualitative studies capturing individual experiences could enrich understanding and inform targeted strategies for improving the quality, accessibility, and equity of senior residential care services nationwide.




5 Conclusion

This study identified the Makkah region as having the highest utilization of senior residential care homes among Saudi Arabia’s 13 administrative regions. Advanced age particularly among individuals aged 75 and above and being married emerged as the strongest predictors of institutionalization due to old age and functional dependency. These findings underscore the critical need for targeted interventions to enhance the accessibility and effectiveness of senior care services for those most at risk. Addressing these needs aligns with the ambitious goals of the Kingdom’s Vision 2030 to improve independence and quality of life for the aging population.
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Introduction: Osteoarthritis (OA) is a prevalent and debilitating disorder that affects the joints and has a complex array of causes. While sedentary behavior (SB) and physical activity (PA) have been implicated in OA risk, the relationship between these factors and OA development remains unclear. This study investigates the correlation and potential causality between SB, PA, and OA using both cross-sectional and Mendelian randomization (MR) analysis.
Methods: We conducted a two-phase study that included a cross-sectional analysis using data from the National Health and Nutrition Examination Survey (NHANES) and a MR analysis. A weighted analysis was performed on data from the NHANES to explore the relationship between SB, PA, and the risk of OA. Logistic regression was used to assess the association between SB, PA, and OA, adjusting for potential confounders. Non-parametric curve fitting was applied to examine the dose-response relationship between PA levels and OA onset. Additionally, MR was utilized to infer the genetic causality between SB, PA, and OA risk, using genetic instruments as proxies for SB and PA.
Results: The final analysis, which included 24,738 participants, revealed that OA prevalence was 13.47%, with individuals diagnosed with OA exhibiting significantly higher levels of SB and lower levels of PA. A U-shaped relationship was observed between PA and OA risk, with a decrease in OA incidence as PA levels increased, although the protective effect of PA was less pronounced in individuals with severe SB. MR analysis indicated that genetically inferred SB was associated with a higher likelihood of OA (IVW OR 1.20, 95% CI 1.13–1.28), while increased PA was inversely associated with OA risk (IVW OR 0.85, 95% CI 0.73–0.98).
Conclusion: This research emphasizes the significance of SB and PA as modifiable factors influencing the risk of OA. It is recommended that individuals at risk of OA should aim to participate in regular physical activity and minimize sedentary behavior to lower their risk of developing the disease. The MR analysis results support the potential causal impact of SB and PA on OA, providing valuable information for the development of therapeutic and rehabilitative strategies.
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1 Introduction

Osteoarthritis (OA) is a prevalent and debilitating condition that imposes a substantial health burden (1). The global prevalence of OA has surged by 113.25% from 247.51 million cases in 1990 to 527.81 million cases in 2019, primarily due to the growth of older adult population worldwide (2). The etiology of primary OA is multifactorial, involving genetic predispositions, dietary factors, hormonal influences, and bone density, among other elements (3).

While non-pharmacological interventions such as weight management, regular physical activity, and trauma prevention are widely recognized in the management and prevention of OA (4), the role of sedentary behavior (SB) has increasingly come under scrutiny. SB is defined as activities with minimal increases in energy expenditure, typically ≤1.5 metabolic equivalents (METs). These activities include screen time, driving, reading, and studying, and have been identified as independent health risk factors in contemporary society (5).

The relationship between physical activity (PA) and OA is also a subject of ongoing research. While high levels of PA are generally associated with health benefits, their role in the incidence and progression of OA is less clear. Some studies have indicated that high-intensity PA may increase the risk of OA, particularly knee OA (6, 7), while moderate-intensity PA may offer protective benefits (8).

Recent evidence suggests that SB may contribute to the development of OA, potentially through its association with increased body mass index and obesity, which are established risk factors for the condition (9). However, the relationship between SB and OA is complex and not yet fully elucidated. Some studies have reported no significant difference in SB between individuals with and without knee OA (10), while others have found that reducing SB duration can improve pain and symptoms in those diagnosed with OA (11). Furthermore, in a 4-year follow-up study of 1,091 individuals, Master et al. conducted a comprehensive analysis by combining SB and PA. The results showed that individuals classified as inactive high sedentary had a 52% higher risk of developing osteoarthritis compared to those classified as active low Sedentary (12).

Given the limitations of existing observational studies, such as small sample sizes and insufficient adjustment for significant covariates, the current study aims to leverage the National Health and Nutrition Examination Survey (NHANES) database and Mendelian randomization (MR) analysis to investigate the association between sedentary behavior, physical activity, and osteoarthritis. Mendelian randomization (MR) analysis is a tool that uses genetic data to explore causal relationships between exposures and outcomes (13), that are less susceptible to confounding biases and reverse causal risk because gene alleles are randomly assigned during meiosis and are independent of environmental factors (14). Therefore, MR studies are commonly referred to as “randomized, double-blind trials created by nature” and are considered complementary to randomized controlled trials (RCTs). Due to the inconsistent results of observational studies and the lack of robust evidence from RCTs, MR analysis can be a useful tool for exploring the causal relationship between SB, PA, and osteoarthritis.

Based on previous studies, we hypothesize that both SB and PA contribute to OA and that an interaction exists between these factors in influencing OA risk. We utilize data from the NHANES database and Mendelian randomization analysis to explore this interaction and better understand its impact. This approach allows us to mitigate the limitations associated with confounding bias and reverse causation, providing more robust insights into the relationship between SB and PA with OA.



2 Materials and methods


2.1 Overall study design

This study was conducted in two stages; first using the data deposited in the National Health and Nutrition Examination Survey (NHANES) database, we performed a variety of statistical methods to explore the association between sedentary behavior, physical activity, and osteoarthritis. In stage 2, we assessed the causal effect of genetically determined SB and PA on osteoarthritis by MR analysis of summary statistics data from the genome-wide association study (GWAS). The overall study design is shown in Figure 1.

[image: Flowchart illustrating the relationship between sedentary behavior or physical activity and osteoarthritis. It includes NHANES data and GWAS summary statistics. The processes involve assessing associations via cross-sectional survey and exploring potential causalities through Mendelian randomization analysis.]

FIGURE 1
 The overall design of the current study.




2.2 Data sources and study population

The study used data from the National Health and Nutrition Examination Survey (NHANES), a population survey conducted by the Centers for Disease Control and Prevention (CDC) in the United States. The NHANES has collected data since 1999 through 2-year cycles and aims to gather information from approximately 10,000 individuals. The survey includes interviews, physical examinations, and laboratory tests. A multistage probability sampling design was used to select a sample of non-institutionalized households across the country to ensure representativeness. All participants provided written informed consent before participating. The public data and survey design are available on the NHANES website.

The present study population was from six cycles of “continuous NHANES” (2007/2008, 2009/2010, 2011/2012, 2013/2014, 2015/2016, and 2017/2020). A total of 66,148 participants were included in the analysis, excluding participants younger than 20 and missing demographic data (n = 31,934). Subsequently, eligible participants needed complete data on SB, PA, and osteoarthritis report data. This resulted in an analytic sample of 24,738 survey participants (Figure 2).

[image: Flowchart illustrating participant selection for a study. Starts with a total sample of 66,148. Excludes 31,934 due to age under 20 and missing demographic data, leaving 34,214. Excludes 9,431 for missing sedentary behavior (SB), physical activity (PA), smoking, and drinking data, leaving 24,783. Excludes 45 for missing arthritis data, resulting in 24,738 final participants.]

FIGURE 2
 Flowchart of the study design and participants excluded from the study.




2.3 Measurement of sedentary behavior and physical activity

The NHANES study assessed physical activity levels and sedentary time were using the self-administered Physical Activity Questionnaire (PAQ). The PAQ consists of 18 questions, and previous studies have demonstrated that PAQ has moderate to good test–retest reliability (15, 16). Within this questionnaire, sedentary behavior was ascertained by asking participants about the time spent sitting at school, at home, getting to and from places, or with friends including time spent sitting at a desk, traveling in a car or bus, reading, playing cards, watching television, or using a computer throughout a typical day. In accordance with recent literature, the daily sitting time for cancer survivors in this study was categorized into predefined thresholds: less than 8 h and more than 8 h (12). The self-reported physical activity (PA) was collected through questionnaires that asked about the frequency, duration, and intensity of physical activity, including moderate and vigorous activity. The suggested metabolic equivalent (MET) scores for the activities were 4 MET for moderate activity and 8 MET for vigorous activity. Participants were deemed “active” if their reported physical activity adhered to the World Health Organization’s (WHO) guidelines, which are as follows: a minimum of 150–300 min/week of moderate-intensity aerobic activity, or a minimum of 75–150 min of vigorous-intensity aerobic activity, or a commensurate blend of both intensities. Individuals not meeting these criteria were labeled “inactive” (17).



2.4 Assessment of osteoarthritis

The questionnaire assessed the OA status of the participants. All participants were asked whether they had ever been diagnosed with arthritis: “Has a doctor or other health professionals ever told you that you had arthritis?” If participants answered “Yes,” then they were asked, “Which type of arthritis was it?” According to the answers to these questions, participants were defined as having OA or no OA.



2.5 Data collection

Several variables for all participants were extracted. Information was obtained from self-reported data, including age (years), sex, ethnicity, education level, marital status, alcohol consumption, smoking, physical activity (MET·h), and history of OA. Body mass index (BMI, kg/m2) was obtained from examination data. BMI was calculated as weight (kg) divided by height squared (m2). Physical activity (MET·h) was calculated as a MET according to the compendium of physical activities = MET × exercise time of corresponding activity (h/week).



2.6 Statistical analysis

In view of the complex multistage (strata and cluster) sampling design of the NHANES, the survery package(version 4.2) of R was used to conduct the weighted analysis. Sample weights from the MEC interviews were reweighted to merge 7.2 years of total survey data from the NHANES 2013–2020. The merged weights were represented as WT = (2/13.2) × (WTMEC2YR07–08) + (2/13.2) × (WTMEC2YR09–10) + (2/13.2) × (WTMEC2YR11–12) + (2/13.2) × (WTMEC2YR13–14) + (2/7.2) × (WTMEC2YR15–16) + (3.2/13.2) × WTMECPRP.

For this study, we utilized different statistical methods based on the distribution and nature of the data. Measurement data with a normal distribution were presented as mean (standard error) (SE), and a comparison between groups was conducted using the independent sample t-test. On the other hand, measurement data with a non-normal distribution were described using the median and quartile spacing [M(Q1, Q3)], and a comparison between groups was performed using the Mann–Whitney U rank–sum test. Enumeration data were presented as the number of cases and composition ratio n (%). The chi-square test was used to compare groups for enumeration data, while the rank-sum test was used for rank data. All statistical tests were conducted using a two-sided approach, and a significance level of p < 0.05 was used to determine statistical significance. The statistical analysis was performed using R software1.

To explore the relationship between SB and PA with the prevalence of OA, we employed the locally weighted scatterplot smoothing (LOWESS) method for non-parametric curve fitting. LOWESS is a flexible non-parametric regression technique that creates a smooth curve by assigning different weights to each data point, allowing us to observe potential trends in the data without the strict assumption of linearity. In R, we utilized the ggplot2 package2 to generate the graphical representation.



2.7 Two-sample Mendelian randomization

Summary-level results from the genome-wide association studies (GWAS) were used in this study, including subjectively assessed SB with leisure screen time and to be used as exposures were obtained from the GWAS Catalog. All data in the GWAS Catalog are de-identified and openly available for research purposes. This SB study embodied the European population sample and the whole-genome sequencing data of SB (n = 526,725) (18). The PA exposure data were also from the GWAS Catalog (n = 88,411) assessed PA by total log acceleration (19). The outcome data were OA from the GWAS Catalog (n = 456,348) (20).

For the univariable Mendelian randomization (UVMR), all genome-wide significant single nucleotide polymorphisms (SNPs) were filtered out with a strict threshold of p < 5 × 10−7 and were then clumped with a cutoff of r2 = 0.001 and kb = 10,000 for the avoidance linkage disequilibrium (LD). The SNPs in the selection were also matched to the databases of phenome-wide association studies to prevent the underlying link between the SNPs and confounding factors by limiting the p < 5 × 10−6 threshold. We also harmonized exposures and outcomes regarding effect allele and applied the subsequent analysis based on the combined exposure–outcome dataset. Detailed information on IVs is shown in Supplementary Tables S1, S2.

R packages TwoSampleMR3 (version 0.5.8) was used to implement five MR methods (inverse variance weighted [IVW], MR-Egger, weighted mode, weighted median, and simple mode) under three basic assumptions in the univariable MR. We estimated the causal effects of genetically predicted exposure on the outcome using the IVW method as our primary MR analysis method, the IVW adopted a meta-analytical approach to combine Wald estimates of causality for each instrumental variable and to obtain a stable causal estimate with balanced pleiotropy. Additionally, the MR-Egger regression and weighted median method were implemented in addition to the IVW, since these methods can provide more comprehensive estimates. To address multiple hypothesis testing, we estimated the false discovery rate (FDR) adjusted p-values (q-values) in the primary IVW MR analyses using the sequential p-value approach proposed by Benjamini and Hochberg.




3 Results


3.1 Baseline characteristics

There were 24,738 participants eligible for our final analysis, and the weighted number of participants was 162,563,145, and 2,604 osteoarthritis patients were included in the study cohort. The weighted prevalence of osteoarthritis within the study population was 13.47%, corresponding to a total of 23,168,508 individuals. The weighted mean daily sitting time was 385.93 ± 3.39 min per day, and the weighted mean physical activity was 70.07 ± 1.74 MET/week. The weighted mean age of the participants was 46.84 ± 0.27 years, and 48.39% were men. Among these participants, 15,857,229 (67.61%) were non-Hispanic white, 560,143 (8.09%) were Mexican American, 575,217 (5.84%) were other Hispanic, 1,174,222 (10.72%) were non-Hispanic Black, and 927,974 (7.73%) were other ethnic group populations (Table 1). Additionally, the weighted prevalence of osteoarthritis by age, sex, ethnicity, body mass index, marital status, education, smoking status, and alcohol consumption status was statistically significantly different (p < 0.001). However, no significant difference was observed between the incidence of osteoarthritis in relation to the severity of SB (mild vs. severe). Notably, there was a discernible difference in SB over time and in the levels of PA as measured by MET/week.



TABLE 1 Weighted characteristics of the study population by osteoarthritis status.
[image: A statistical table compares characteristics between osteoarthritis and non-osteoarthritis participants. Categories include age, sex, ethnicity, education, marital status, poverty income ratio, BMI, smoking, alcohol consumption, sedentary behavior, and physical activity. Values are provided for each group, with p-values indicating statistical significance.]



3.2 Logistic regression

We conducted both unweighted and weighted logistic regression analyses to assess the interaction between SB and PA in relation to the incidence of OA. The results in Table 2 and Figure 3 elucidate the complex relationship between SB, PA, and the risk of developing OA. The incidence of osteoarthritis decreased with the increase of PA [unweighted OR: 0. 9,971 (0.9966, 0.9976), weighted OR: 0.9974 (0.9966, 0.9981)]. The interaction between SB and PA showed that PA had a more significant impact on the incidence of osteoarthritis when individuals were in severe SB, although there was no statistical difference.



TABLE 2 The Logistic Regression analyses to assess the interaction between SB and PA in relation to the incidence of OA.
[image: Table showing odds ratios (OR) and p-values for the association between sedentary behavior (SB), physical activity, and the interaction between these factors. Unweighted and weighted OR columns display the strength of associations for severe SB, physical activity, their interactions, and active versus inactive groups, with significant p-values marked. Inactive group shows significant weight-adjusted OR of 1.6357 (p < 0.001). Interaction effects vary in significance. Notes indicate interactions and significance threshold of p < 0.05.]

[image: Two line graphs, labeled A and B, show the relationship between osteoarthritis and physical activity (MET/week). Graph A is unweighted, while B is weighted. Both graphs feature two lines: a red line representing low sedentary behavior and a blue line for high sedentary behavior. The lines suggest a negative correlation between physical activity and osteoarthritis, with shaded areas indicating variability.]

FIGURE 3
 Association between sedentary behavior, physical activity, and osteoarthritis. (A) Unweighted logistic model to predict the occurrence of osteoarthritis and levels of physical activity in varying degrees of sedentary behavior. (B) Weight logistic model to predict the occurrence of osteoarthritis and levels of physical activity in varying degrees of sedentary behavior.




3.3 Non-parametric curve fitting

We employed the LOWESS method for non-parametric curve fitting to elucidate the relationship between SB, PA, and the incidence of OA. As depicted in Figure 4, our analysis revealed a positive correlation between the prevalence of OA and the duration of SB in general. However, this correlation was attenuated within the moderate range of 400–800 min of sedentary activity per week, suggesting a more complex relationship within this specific interval. Concurrently, the relationship between PA and OA exhibited a “U-shaped” trend, indicating that very low and very high levels of exercise could be associated with higher rates of OA. Interestingly, the incidence of osteoarthritis reached its nadir when the weekly exercise equivalent was approximately 550 MET·h/week.

[image: Graph A shows a LOWESS fit of sedentary behavior versus osteoarthritis prevalence, with an upward trend as sedentary minutes per week increase from 0 to 1200. Graph B displays a LOWESS fit of physical activity versus osteoarthritis prevalence, with an initial drop then rise in osteoarthritis rates as MET per week increases from 0 to 1000. Both graphs have red vertical lines marking reference points.]

FIGURE 4
 Association between sedentary behavior, physical activity, and osteoarthritis. (A) Shows a positive correlation between weekly minutes of sedentary behavior and osteoarthritis incidence using a LOWESS fit. A plateau in the relationship is observed between 400 and 800 min of inactivity per week. (B) Depicts a “U-shaped” trend between physical activity (MET/week) and osteoarthritis incidence, as fitted by LOWESS. The lowest osteoarthritis rate is found with a 550 MET/week physical activity level.


In a detailed subgroup analysis, we stratified participants by the severity of their sedentary behavior into severe and mild groups (Figures 5A,B). Notably, physical exercise incidence vs. osteoarthritis within the severe group presented an “L-shaped” trend (Figure 5B). Further categorization by PA intensity into active and inactive groups revealed contrasting correlations using LOWESS curve fitting; active individuals showed a weaker link between sedentary behavior and osteoarthritis (Figure 5D), while the inactive demonstrated a robust positive correlation (Figure 5C), underscoring the protective role of PA against the detrimental effects of SB.

[image: Four line graphs depicting LOWESS fits of physical and sedentary activities on osteoarthritis prevalence. Graph (A) shows the mild sedentary behavior group's physical activity, showing a slight bend upwards. Graph (B) for the severe sedentary behavior group shows a consistent, low upward trend. Graph (C) for the inactive group indicates a strong upward trend in osteoarthritis prevalence with sedentary behavior. Graph (D) for the active group displays a downward trend followed by a slight increase in prevalence as sedentary behavior increases.]

FIGURE 5
 Subgroup analysis of the association between sedentary behavior, physical activity, and osteoarthritis. (A) This panel illustrates the relationship between physical activity and osteoarthritis prevalence among participants with mild sedentary behavior. (B) The “L-shaped” trend in this figure indicates the correlation between physical activity and osteoarthritis prevalence within the severe sedentary behavior group. (C) Shown here is the robust positive correlation between sedentary behavior and osteoarthritis prevalence in the inactive subgroup, highlighting the risks of inactivity. (D) This figure illustrates a weaker link between sedentary behavior and osteoarthritis prevalence in the active subgroup.




3.4 Two-sample Mendelian randomization of sedentary behavior and physical activity attainment on osteoarthritis

The number of instrumental variables for SB on osteoarthritis was 169 (Supplementary Table S1). The IVW analysis indicated that the accelerometer assessed SB increased the risk for osteoarthritis (OR = 1.20, 95% CI: 1.13–1.28; FDR < 0.001; p < 0.001). Similar causal estimates for osteoarthritis were obtained from other MR models, including weighted median (OR = 1.21, 95% CI: 1.12–1.30; FDR < 0.001; p < 0.001), and simple model (OR = 1.30, 95% CI: 1.03–1.64; FDR = 0.052; p = 0.031) (Table 3; Figure 6). Genetically proxied physical activity was significantly associated with a decreased risk of osteoarthritis, as in the IVW analysis model (OR = 0.85, 95% CI: 0.73–0.98; FDR = 0.052; p = 0.029), and Weighted median (OR = 0.83, 95% CI: 0.71–0.96; FDR = 0.038; p = 0.011) (Table 3). The scatter plots and funnel plots (Figure 6) showed a significant causal relationship between SB, PA, and OA.



TABLE 3 Two-sample Mendelian randomization of sedentary behavior and physical activity attainment on osteoarthritis.
[image: Table showing the relationship between sedentary behavior (SB) and physical activity (PA) with osteoarthritis, including sample sizes, odds ratios, and p-values. For SB with 169 participants, inverse variance weighted and weighted median methods show significant associations with p-values of 0.00000. For PA with 43 participants, weighted median and inverse variance weighted methods show significant results with p-values of 0.01144 and 0.02945, respectively. Asterisks indicate significance at p < 0.05.]

[image: Four scatter plots illustrate different Mendelian randomization (MR) analyses. Plot A shows SNP effects on exposure and outcome with various methods. Plot B displays a funnel plot with IVW and MR Egger methods. Plot C replicates A with different data. Plot D is a funnel plot similar to B, likely with another dataset. Each plot contains legends for methods like inverse variance weighted, MR Egger, and others.]

FIGURE 6
 Scatter plots and funnel plots from genetically predicted physical activity and sedentary behavior on osteoarthritis and severity. (A,B) Genetically predicted sedentary behavior on osteoarthritis; (C,D) Genetically predicted physical activity on osteoarthritis.





4 Discussion

To the best of our knowledge, this study is the first comprehensive investigation of the relationship between sedentary behavior and physical activity with osteoarthritis based on large-scale observational research data (NHANES dataset) and MR analysis of large-scale genetic data (GWAS). We examined the association between PA and SB with OA. Furthermore, we investigated the potential causal relationship between exercise lifestyle and OA. In our analysis of a large national sample (weighted number 162,563,145), we observed that participants with osteoarthritis exhibited significantly higher levels of sedentary behavior and lower physical activity. The incidence of osteoarthritis decreased with the increasing MET scores but was higher among individuals with severe sedentary behaviors. However, no significant difference was found between mild (<8 h/day) and severe (8 h/day or more) SB in the OA difference group. The non-parametric curve fitting analysis, similar to a logistic model, indicates a positive correlation between sedentary behavior and the prevalence of osteoarthritis. We observed a U-shaped relationship between the volume of physical activity and osteoarthritis development. Additionally, the subgroup analysis revealed that individuals who engaged in less than 50 METs of activity per week exhibited a significant increase in osteoarthritis within the group characterized by severe sedentariness. Furthermore, the adverse impact of sedentary behavior on osteoarthritis risk was considerably reduced in individuals who adhered to the WHO-recommended standards for weekly physical activity. The two-sample Mendelian randomization analysis results suggest that physical activity may reduce the risk of osteoarthritis. In contrast, sedentary behaviors may have the opposite effect. Additionally, the protective effect of physical activity on osteoarthritis was weakened in the group with severe sedentary behaviors, as found by subgroup analysis in both mild and severe sedentary behaviors groups.

While previous studies have investigated the relationship between sedentary behavior (SB) and osteoarthritis (OA), our analysis offers a novel perspective on this association. Using the NHANES dataset, we found that participants with OA exhibited significantly higher levels of sedentary behavior. However, no significant differences were observed between the mild and severe SB groups, categorized based on whether participants spent more or less than 8 h per day in sedentary activities. This lack of distinction may be explained by the non-linear effect of sedentary behavior on OA. The curve fitted from the NHANES data suggests that sedentary behavior has little impact on the incidence of OA when its duration falls within the range of 400–800 min/week. The two-sample Mendelian randomization analysis identified SB as a risk factor for OA (IVW OR = 1.2; weighted median OR = 1.21), the same as the result of Cao’s Mendelian randomization analysis (21). The increased risk of OA may be attributed to the loss of articular cartilage. This was confirmed in Nomura’s animal study, where the total amount and thickness of cartilage in the hind limbs of mice were significantly reduced by passively lowering the weight on the hind limbs (22).

Previous studies have indicated that the relationship between PA and OA remains a topic of contention (23). Recent research studies have shown that PA could reduce pain and improve function in OA patients since PA can prevent obesity or lower limb muscle weakness (4, 24, 25). Despite this, there is insufficient research evidence to confirm the role of PA in the development of osteoarthritis. Chang et al. (26) conducted a cohort study following 1,194 participants for over a decade and reported no association between long-term vigorous PA and knee OA. The study also indicated that a low-to-moderate level of PA may have a protective effect on knee OA. A cohort study of healthy adults, defined as minimally active, revealed a 72% greater risk of developing OA (12). This may improve cartilage and potentially prevent OA degeneration (27). Our results from the NHANES data indicate that an increase in weekly physical activity is associated with a reduction in the incidence of osteoarthritis. Interestingly, our analysis also suggests that if the amount of exercise exceeds a certain threshold, its protective effect diminishes. This aligns with the common understanding that excessive physical activity can lead to sports-related injuries, potentially increasing the risk of osteoarthritis. In our study, 550 MET·hour per week emerged as the optimal amount of exercise for reducing osteoarthritis risk. Furthermore, we employed a two-sample Mendelian randomization analysis further to clarify the causal relationship between PA and OA. These findings suggest that PA served as a protective factor against the development of osteoarthritis.

PA and SB are two crucial factors that influence the incidence of OA. Previous studies have tended to focus on only one of these factors. Therefore, it is important to consider the interplay between them. To investigate the impact of SB and PA on osteoarthritis, we conducted a subgroup analysis, dividing it into mild and severe SB groups. The NHANES data revealed that the protective effect of PA on osteoarthritis was weakened among individuals with high levels of SB, regardless of whether weighted analysis was performed. Research conducted by Master et al. also found that high sedentary would increase the risk of OA regardless of one’s PA category (12). Similarly, in the study of other diseases, the effects of PA and SB on these diseases are also linked. Balducci et al. indicated that increasing moderate-to-vigorous physical activity while substantially reducing SB time could provide benefits for patients with type-2 diabetes (28). The biomechanical factors of OA are hypothesized to influence the relationship between PA and SB with OA. Alterations in mechanical loading on joints have been demonstrated to impact cartilage health—potentially contributing to the deterioration of joint tissues (29). Additionally, PA enhanced the metabolism of synovial fluid, which may have implications for the structure of subchondral bone (30).

There were several limitations in our study. First, the observational design of the NHANES dataset restricted our ability to establish causal relationships. Although MR analysis was employed to verify this association, it was constrained by several assumptions. For example, it assumes no pleiotropic association between genetic variants and phenotypes, as well as a linear genetic relationship. Second, the GWAS datasets were derived from large cohorts of European ancestry, whereas the NHANES datasets were collected in the United States. As a result, there was some ethnic diversity, and caution should be exercised when extrapolating the results to other ethnic groups. Rigorously designed randomized controlled trials are warranted to better understand the causal relationship between PA and SB with osteoarthritis.



5 Conclusion

Our research suggested that physical activity and sedentary behaviors were significant factors in the prevention of osteoarthritis. Individuals at risk for osteoarthritis should aim to engage in a regular level of physical activity while reducing sedentary behaviors. This research examines the potential causal relationship between physical activity, sedentary behaviors, and osteoarthritis. It may help identify new treatment and rehabilitation strategies to address this condition.
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Background: The aging population presents a significant public health challenge, particularly concerning mental health and injury prevention. Anxiety and depression are common among the older adult, affecting their quality of life and increasing the risk of unintentional injuries (UI). This study aims to explore the association between anxiety and depression and UI risk among the older adult in Guangxi, China, using data from the 2023 National Health Service Survey.
Methods: A cross-sectional design was employed, analyzing data from 2,894 participants aged 60 and above in Guangxi. The primary variables were anxiety and depression, assessed via validated scales, with UI as the dependent variable. Logistic regression was used to estimate crude and adjusted odds ratios (OR) with 95% confidence intervals (CI), adjusting for potential confounders such as age, gender, socioeconomic status, and lifestyle factors.
Results: Significant findings indicate that individuals with anxiety and depression had nearly double the risk of UI compared to those without these conditions (adj. OR = 1.92, 95% CI: 1.42–2.6, p < 0.001). Alcohol consumption was also associated with higher UI risk (adj. OR = 1.46, 95% CI: 1.05–2.03, p = 0.023). Females had a significantly higher adjusted odds of UI compared to males (adj. OR = 1.38, 95% CI: 1.03–1.84, p = 0.029), and rural residents were more likely to experience UI than urban dwellers (adj. OR = 1.38, 95% CI: 1.05–1.82, p = 0.02). Exercise frequency was inversely related to UI risk, with those exercising 1–2 times per week having reduced odds (adj. OR = 0.46, 95% CI: 0.22–0.98, p = 0.044). Other factors such as age, marital status, hypertension, diabetes, and main caregiver showed no significant associations with UI.
Conclusion: Addressing mental health issues and promoting moderate exercise may help reduce UI risk in the older adult. Policies should focus on enhancing mental health services and injury prevention programs, particularly in rural settings, to improve the overall health and safety of the aging population in Guangxi.
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1 Introduction

The aging population globally presents a complex challenge to public health systems, particularly in terms of mental health and injury prevention. Anxiety and depression are among the most common mental health disorders affecting the older adult, significantly influencing their quality of life and physical health (1). Research has consistently shown that both anxiety and depression are linked to increased risks of physical health issues, including Unintentional Injuries (UI) (2). UI refer to injuries that occur without intent to harm, such as falls, burns, or accidents, and are distinct from traumatic injuries, which may result from intentional acts or violence (3). UI among the older adult remain a leading cause of morbidity and mortality, often leading to substantial long-term impacts on health and significant healthcare costs (4). Study showed that the prevalence of UI in rural older adult population was 44.4%, and participants aged 75–84 years had the highest rates (48.8%) (5). The relationship between mental health disorders like anxiety and depression and the risk of injuries is particularly pronounced in this demographic due to factors such as reduced mobility, poorer balance, and cognitive impairments that can accompany aging (6).

While the association between mental health disorders and increased risk of unintentional injuries in the older adult is documented globally, specific data from the Guangxi region of China remains sparse. The region’s unique demographic composition, characterized by a high proportion of aging rural residents and distinct socio-economic conditions (7). Rural settings often lack adequate mental health services, which can exacerbate the consequences of untreated anxiety and depression, potentially leading to a higher incidence of injuries (8, 9). Current literature predominantly centers on urban populations or those in more developed regions, leaving a significant knowledge gap regarding rural and economically diverse areas like Guangxi. Research in Guangxi has not yet comprehensively addressed how these mental health conditions affect the older adult, particularly in terms of their physical safety (10). Studies have highlighted the growing prevalence of mental health issues in older adult Chinese populations but have not delved into the specific consequences of these issues on physical health outcomes, such as injuries, in less urbanized areas (11, 12).

This research aims to bridge this gap by utilizing the data from the 2023 National Health Service Survey to explore the association between anxiety and depression and the risk of unintentional injuries among the older adult in Guangxi. By doing so, it seeks to provide targeted insights that can guide local health policies and interventions tailored to the unique needs of Guangxi’s aging rural population (13).



2 Materials and methods


2.1 Study design

The current study utilizes a cross-sectional design to investigate the impact of anxiety and depression on the risk of unintentional injuries among older adult populations in Guangxi, China. Data for this study are sourced from the 2023 National Health Service Survey, which includes comprehensive health-related information from a representative sample of the Chinese population, focusing particularly on rural and urban disparities in health outcomes, healthcare access, and utilization. The survey employs a multistage, stratified, cluster sampling design to ensure representativeness of the national population, including the older adult cohort in Guangxi. The sample includes individuals aged 60 years and above, residing in both urban and rural areas of Guangxi.

The primary independent variables are indicators of anxiety and depression, assessed through validated scales included in the survey. The primary dependent variable is the occurrence of unintentional injuries reported during the survey period. Additional variables such as age, gender, socioeconomic status, urban vs. rural residence, access to healthcare, and lifestyle factors (e.g., exercise frequency, and alcohol use) are controlled for in the analysis to adjust for potential confounders.



2.2 Participants

The inclusion criteria for participants in this study are based on the demographic data collected through the 2023 National Health Service Survey. Participants included in the analysis meet the following criteria: Age: Individuals aged 60 years and above at the time of the survey. Residency: Residents of the Guangxi region, encompassing both urban and rural areas.

Exclusion Criteria are as follows: Individuals with missing or incomplete data on key variables of interest, such as mental health status (anxiety and depression) or reports of unintentional injuries, are excluded from the analysis. Individuals reported or diagnosed with severe cognitive impairments. Individuals who are not long-term residents of Guangxi or who were temporarily residing in the area during the survey period are excluded.



2.3 Data collection

The data for this study were collected as part of the 2023 National Health Service Survey, a comprehensive health survey conducted under the auspices of the National Health Commission of China. The survey is designed to gather a wide range of health-related information across various demographics and regions within China, including Guangxi.

Survey Instruments includes: The survey utilized structured questionnaires designed to collect detailed information on health status, lifestyle factors, access to healthcare services, and social determinants of health. Specific sections of the questionnaire were dedicated to assessing mental health, using standardized screening tools for anxiety and depression. The tool is EQ-5D-5L, which are widely used and validated instruments for detecting levels of anxiety and depression. The EQ-5D-5L was utilized to assess self-reported levels of anxiety and depression. It captures the presence and severity of anxiety and depressive symptoms but does not provide a clinical diagnosis. Therefore, our findings reflect symptomatology rather than clinically diagnosed mental health disorders. Information on unintentional injuries was collected through specific questions relating to any injuries the participants had sustained over the past 12 months.

Trained interviewers conducted face-to-face interviews with participants, ensuring that each individual understood the questions and provided informed responses. Responses were directly entered into electronic devices with data collection software. All interviewers underwent rigorous training, focusing on the ethical considerations of data collection, the importance of confidentiality, and the specific techniques required to accurately collect and record responses. Supervisors regularly monitored the data collection process to ensure adherence to protocols and to address any issues arising during the interviews.



2.4 Statistical analysis

In this study, the prevalence of anxiety and depression among the older adult population in Guangxi was calculated using percentages, while demographic and other relevant characteristics such as age, gender, socio-economic status, and rural vs. urban residence were summarized using means, standard deviations, and percentages. Inferential statistics included Chi-Square tests to examine the relationship between the presence of mental health conditions and unintentional injuries. Logistic regression was employed to assess the odds of such injuries associated with anxiety and depression, with models progressively adjusting for potential confounders. Multivariate analyses tested interaction effects to see if the impact of mental health on injury risk varied by factors such as rural vs. urban residence, and model fit was assessed using the Hosmer-Lemeshow test. Sensitivity analyses, including multiple imputation for missing data and robustness checks with different model specifications, were also conducted to ensure the reliability of the findings.



2.5 Ethical considerations

The survey was approved by the National Bureau of Statistics of China, and the study protocol received approval from the Medical Ethics Expert Committee of the National Health Commission of China, ensuring compliance with national and international ethical standards. Prior to participation, all participants provided informed consent, fully briefed on the study’s purpose, procedures, risks, and benefits, with assurance of their right to withdraw at any time without penalty, all communicated in a clear and understandable manner. Strict confidentiality and privacy measures were implemented, with all identifiable information anonymized and data access restricted to authorized personnel. Risk assessment determined that participation risks were minimal, but provisions were made to address any potential adverse effects, including referrals to appropriate medical or psychological resources. The authors declared no conflicts of interest, affirming that funding sources did not influence the study’s design, execution, or reporting. The team upheld cultural sensitivity to accommodate the diverse backgrounds of the Guangxi participants and committed to the standards of data integrity and responsible reporting. Findings were reported transparently, irrespective of support or contradiction to initial hypotheses. The manuscript adhered to ICMJE ethical publishing guidelines, including a thorough peer review process to validate its scientific integrity and value.




3 Results

The study analyzed data from a total of 2,894 older adult participants aged 60 years and above residing in Guangxi, China. Among these, 298 individuals (10.3%) reported experiencing unintentional injuries (UIs) within the past 12 months. Table 1 showed the associations between various demographic, socioeconomic, and health-related factors and the incidence of unintentional injuries (UI) in an older adult population. Significant findings include a higher likelihood of UI among those experiencing anxiety and depression [Chisq. (1 df) = 22.28, p < 0.001], while other factors such as age, gender, ethnicity, education level, marital status, alcohol consumption, exercise frequency, area of residence, hypertension, diabetes, monthly income, and main caregiver showed no significant associations with UI, as indicated by their respective p-values exceeding 0.05.



TABLE 1 Analysis of factors associated with Unintentional Injuries in older adult population.
[image: Table comparing demographics and characteristics between groups with and without unintentional injuries (UI and No UI). Categories include age, gender, ethnicity, education, marital status, mental health, alcohol use, exercise, area, hypertension, diabetes, monthly income, and main caregiver. Test statistics and p-values indicate statistical significance levels.]

Table 2 showed the factors associated with unintentional injuries (UI) in an older adult population, focusing on age, gender, marital status, mental health, alcohol consumption, exercise frequency, hypertension, diabetes, main caregiver, and area of residence, using crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) to assess these associations. Significant findings include a higher adjusted odds of UI among individuals with anxiety and depression (adj. OR = 1.92, 95% CI: 1.42–2.6, p < 0.001), alcohol consumers (adj. OR = 1.46, 95% CI: 1.05–2.03, p = 0.023), and those residing in rural areas (adj. OR = 1.38, 95% CI: 1.05–1.82, p = 0.02). Additionally, females showed a significantly higher adjusted odds of UI compared to males (adj. OR = 1.38, 95% CI: 1.03–1.84, p = 0.029). Exercise frequency was also significant, with individuals exercising 1–2 times per week having a reduced adjusted odds of UI (adj. OR = 0.46, 95% CI: 0.22–0.98, p = 0.044). Other factors such as age, marital status, hypertension, diabetes, and main caregiver did not show significant associations with UI.



TABLE 2 Logistic regression for factors associated with unintentional injuries in older adult population.
[image: The table presents odds ratios (OR) and 95% confidence intervals (CI) for factors associated with unintentional injuries. Significant associations include gender (female vs. male) and alcohol consumption, with p-values below 0.05 for Wald's and likelihood ratio tests. Anxiety, depression, and area (rural vs. urban) also show significant adjusted ORs.]



4 Discussion

The findings of this study reveal several important associations between various factors and the likelihood of unintentional injuries (UI) in an older adult population. Mental health, particularly the presence of anxiety and depression, emerged as a significant factor associated with of UI. This is consistent with existing literature which suggests that mental health conditions can impair cognitive and physical functioning, increasing the risk of accidents and injuries. The adjusted odds ratio (OR) for individuals with anxiety and depression was 1.92, indicating nearly double the risk of UI compared to those without these conditions. This highlights the need for comprehensive mental health support and interventions to mitigate this risk. These findings are consistent with previous research indicating that mental health disorders are not only significant contributors to morbidity but also have a profound impact on the physical safety of the older adult (14–16).

Gender differences were also notable, with females having a significantly lower adjusted odds of UI compared to males (adj. OR = 1.38). This could be due to various socio-cultural and biological factors that influence the activity levels and risk behaviors differently between genders, which aligns with some studies suggesting that older adult women are at a higher risk due to gender-specific health factors (17, 18). Further research is needed to explore these gender-specific dynamics and develop targeted prevention strategies.

Alcohol consumption was another significant factor, with alcohol consumers showing higher adjusted odds of UI (adj. OR = 1.46). Alcohol can impair judgment, coordination, and reaction times, all of which are critical for preventing injuries (19, 20). This finding underscores the importance of monitoring and managing alcohol intake among the older adult to reduce the incidence of UI.

The study also found that residing in rural areas was associated with higher adjusted odds of UI (adj. OR = 1.38). Rural areas may present unique challenges such as limited access to healthcare, fewer community resources, and hazardous living conditions that contribute to a higher risk of injuries, echoing the similar concerns about the rural healthcare system’s ability to manage mental health issues effectively (5, 21). This finding suggests a need for tailored interventions in rural settings to address these specific risks.

Exercise frequency was inversely related to the risk of UI, with those exercising 1–2 times per week having reduced odds of injuries (adj. OR = 0.46). Regular physical activity is known to improve balance, strength, and overall physical fitness, which can help prevent falls and other injuries (22). However, the protective effect was significant only at moderate levels of exercise, indicating that even a small amount of regular physical activity can be beneficial (23).

Other factors, including age, marital status, hypertension, diabetes, and main caregiver, did not show significant associations with UI. This could be due to a variety of reasons, including the possibility that these factors may influence UI risk through more complex mechanisms not captured in this study, or that their effects are mediated by other variables.

Beyond confirming established associations between mental health and injury risks, our study highlights the compounded vulnerabilities in rural Guangxi. The interplay between limited healthcare access and mental health underscores the necessity for integrated care models that simultaneously address psychological well-being and injury prevention. Additionally, our findings suggest that even moderate levels of physical activity can significantly reduce injury risks, advocating for community-based exercise programs tailored to the older adult.

The study on the link between mental health disorders and unintentional injury risks among the older adult in Guangxi, China, underscores significant public health implications. Key findings advocate for integrating mental health care into injury prevention strategies for the aging population. Policy implications stress the necessity for integrated care models that include mental health screening and treatment within primary healthcare (24), enhancing accessibility and quality of mental health services in rural areas to mitigate associated injury risks (25), and promoting public health campaigns to raise awareness about the importance of mental health maintenance (26). Practice recommendations call for routine mental health assessments during medical check-ups for the older adult (27), training healthcare professionals to recognize and manage the correlation between mental health and injury risk (28), and developing community support structures that provide social support and reduce injury risk (29). Moreover, there is a need for longitudinal research to understand the causal relationships (30) and for studies focusing on tailored interventions that address both mental health and injury prevention, particularly in rural settings (31).



5 Limitations

While this study offers valuable insights into the relationship between mental health and unintentional injury risks among the older adult in Guangxi, China, it is important to acknowledge several limitations. The cross-sectional design restricts the ability to draw causal inferences, with longitudinal data needed to establish a clearer temporal and causal relationship between mental health issues and injury risks. The reliance on self-reported data may introduce recall bias and affect data accuracy, whereas objective measures and clinical evaluations would provide more reliable information. Cultural nuances and language differences might also influence the interpretation of survey questions, potentially leading to underreporting or misclassification of mental health symptoms. Despite efforts to control for various confounders, unmeasured variables such as the severity of depression or anxiety and the presence of other comorbidities might influence the outcomes. While this study provides valuable insights into the older adult population in Guangxi, caution should be exercised when generalizing these findings to other regions due to Guangxi’s unique socio-economic and cultural characteristics. Future research should aim to include diverse regions to enhance generalizability. Additionally, the National Health Service Survey did not categorize specific types of unintentional injuries, which prevented a more detailed analysis of injury types and their associated factors.



6 Conclusion

In conclusion, the study underscores the multifaceted nature of unintentional injuries in the older adult, highlighting key areas such as mental health, alcohol consumption, gender differences, rural residency, and exercise frequency. These findings can inform the development of targeted interventions and policies aimed at reducing the incidence of UI in this vulnerable population. Future research should continue to explore these associations, considering potential mediating factors and the efficacy of specific preventive measures.
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Objective: To develop and validate a predictive model for hyperlipidemia risk among middle-aged and older adult individuals in China, this study aims to offer an effective screening tool for identifying those at risk.
Methods: In this study, we included 6,629 middle-aged and older adult individuals, aged 45 and above, who met the inclusion criteria from the 2015 China Health and Retirement Longitudinal Study (CHARLS) as our research subjects. Utilizing the LASSO regression and multivariate Logistic regression method, we analyzed the independent risk factors associated with hyperlipidemia among these subjects. Subsequently, we established a risk prediction model for hyperlipidemia in the middle-aged and older adult population using statistical software Stata 17.0.
Results: The prevalence rate of hyperlipidemia among the 6,629 middle-aged and older adult participants was 26.32% (1,745 out of 6,629). The LASSO regression and multivariate Logistic regression analysis all revealed that Body Mass Index (BMI), fasting blood glucose, serum uric acid, C-reactive protein, and white blood cell count were independent risk factors for hyperlipidemia in this demographic (with Odds Ratios (OR) greater than 1 and p-values less than 0.05). From these findings, a nomogram prediction model was constructed to estimate the risk of hyperlipidemia for middle-aged and older adult individuals. The Area Under the Receiver Operating Characteristic (ROC) Curve (AUC) for the nomograms was 0.717 (95% Confidence Interval (CI): 0.703–0.731), indicating good discrimination. The Decision Curve Analysis (DCA) demonstrated that when the probability of hyperlipidemia in the middle-aged and older adult population falls between 0.11 and 0.61, the application of the nomogram yields the highest net benefit, suggesting that the nomogram model possesses good clinical applicability. The Spiegelhalter’s z-statistic test confirmed that the predicted probabilities from the nomogram model are in good agreement with the observed frequencies of hyperlipidemia (p = 0.560). The Brier score for the nomogram model was 17.1%, which is below the threshold of 25%, indicating good calibration. To internally validate the nomogram model, we performed bootstrap resampling 500 times. The C-statistic for the nomogram model from this internal validation was 0.716, and the Brier score was 11.4%, suggesting that the model not only has good predictive efficiency but also good stability.
Conclusion: The nomogram model, which incorporates the identified risk factors for hyperlipidemia in middle-aged and older adult individuals, has demonstrated good predictive efficiency and clinical applicability. It can serve as a valuable tool to assist healthcare professionals in screening for high-risk groups and implementing targeted preventive interventions. By doing so, it has the potential to significantly reduce the incidence of hyperlipidemia among this demographic.
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1 Introduction

Hyperlipidemia, a component of dyslipidemia, is characterized by elevated levels of one or more plasma lipids resulting from abnormalities in fat metabolism. This metabolic disorder can precipitate atherosclerosis, which underlies the pathology of numerous diseases and stands as a crucial risk factor for both coronary atherosclerotic heart disease and cerebrovascular disease (1). Hyperlipidemia is a significant comorbidity in cardiovascular health, with over 50% of ischemic cardiomyopathy cases being linked to this metabolic disorder. Moreover, the presence of hyperlipidemia is associated with an increased risk of mortality from cardiovascular diseases (2, 3). Owing to the deterioration of physiological functions associated with aging, the prevalence of hyperlipidemia among middle-aged and older adult individuals is observed to rise annually (4). Hyperlipidemia encompasses several subtypes, including hypertriglyceridemia, hypercholesterolemia, and mixed hyperlipidemia (5). A research report published by Nature journal in 2020 assessed data from 200 countries and revealed that in 1980 (6), the average levels of Total Cholesterol (TC) and non-high-density lipoprotein cholesterol (HDL-C) in China were among the lower grades globally, significantly lower when compared to levels in western countries. However, by 2018, the average levels of TC and non-HDL-C among adults in China had reached or even surpassed the averages observed in some of these western nations. This shift indicates a potential trend of increasing cardiovascular disease risk for Chinese residents, which parallels the rising prevalence of hyperlipidemia. Given the close relationship between hyperlipidemia and cardiovascular and cerebrovascular diseases, it is crucial to assess the high-risk factors associated with hyperlipidemia, predict its risk, and implement appropriate preventive measures. This proactive approach can significantly contribute to the prevention of cardiovascular and cerebrovascular diseases (7). Furthermore, hyperlipidemia’s pathological mechanism stems from abnormal blood lipid levels, and given that it is a controllable condition, the importance of early detection and proactive intervention cannot be overstated. Timely identification of the condition and the initiation of appropriate medical and lifestyle interventions are paramount in managing this disease effectively (8). Currently, there is a scarcity of representative studies focusing on the risk prediction models for hyperlipidemia specifically in the middle-aged and older adult demographic, both domestically and internationally. Addressing this gap, the present study develops a hyperlipidemia risk prediction model tailored for this age group using survey data from the China Health and Retirement Longitudinal Study (CHARLS). The goal is to provide a reference that can inform the prevention and management strategies for hyperlipidemia in middle-aged and older adult populations.



2 Methods


2.1 Research objects

For the purposes of this study, we utilized the 2015 China Health and Retirement Longitudinal Study (CHARLS) survey data. This data was selected by the researcher and used with appropriate permissions. The CHARLS is a longitudinal survey specifically designed to study individuals aged 45 and above in China, and it is administered by the National Development Research Institute of Peking University. The national baseline survey for CHARLS was initiated in 2011, with residents aged 45 or above being randomly selected from 28 provincial administrative units, 150 county-level units, and 450 village-level units for follow-up assessments every 2 to 3 years. The CHARLS database is a rich resource that includes high-quality, detailed microdata on various aspects of the middle-aged and older adult population, such as basic demographic information; health status and functionality; healthcare utilization and insurance coverage; employment, retirement, and pension details; income, expenditure, and asset information. This data set is valuable as it provides a comprehensive view of the health status of China’s middle-aged and older adult population (9, 10). The inclusion criteria for participant selection in this study were as follows: (1) baseline age ranging from 45 to 80 years old; (2) Completeness of blood test results, past medical history of chronic diseases, demographics, and measurement indicators. The exclusion criteria included: (1) Outliers in the research index data; (2) Missing values within the research index data; (3) Individuals with a history of cancer. After applying these criteria, a total of 6,629 individuals were enrolled in the study. For a detailed depiction of the screening process, refer to Figure 1. The China Health and Retirement Longitudinal Study (CHARLS) has received approval from the Biomedical Ethics Review Committee of Peking University (with the approval number IRB00001052-11015). This ensures that the study adheres to ethical standards and protocols. Furthermore, all respondents have provided their informed consent to participate in the investigation, safeguarding their rights and contributing to the study’s legitimacy (11, 12).

[image: Flowchart depicting participant selection from the 2015 CHARLS database. Starting with 21,095 individuals, exclusions due to age, missing lipid data, cancer presence, and other variables result in 6,629 included participants.]

FIGURE 1
 Flow chart of screening research objects.




2.2 Research related indicators

The research encompasses three primary components: questionnaire interviews, physical examinations, and laboratory tests. Questionnaire interviews are conducted by trained investigators who collect information on the interviewee’s gender, age, marital status, and history of smoking and drinking, as well as any past chronic diseases, including hypertension, diabetes, chronic lung disease, liver disease, heart disease, stroke, kidney disease, gastrointestinal diseases, emotional and mental disorders, memory-related conditions, arthritis, and asthma. Physical measurements such as the interviewee’s height and weight are taken by healthcare professionals. For laboratory analysis, fasting venous blood samples are collected from interviewees who have fasted for at least 12 h by medical staff. A range of biochemical parameters are then assessed, including fasting blood glucose (FBG), glycated hemoglobin (HbA1c), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), uric acid (UA), creatinine, red blood cell volume, hemoglobin, white blood cell count, and serum creatinine.



2.3 Categories and definitions of indicators

The gender categories are binary, including only “male” and “female.” Marital status is categorized into “unmarried/divorced/widowed” and “have a spouse.” Smoking history is simplified into a binary choice of “yes” or “no.” Drinking history is categorized based on frequency: “more than once a month,” “once a month or less,” and “no drinking.” Past medical history regarding chronic conditions such as hypertension, diabetes, chronic lung disease, liver disease, heart disease, stroke, kidney disease, gastrointestinal diseases, emotional and mental diseases, memory-related diseases, arthritis, and asthma is also dichotomized into “yes” or “no” categories. Specifically, diabetes is diagnosed if any of the following criteria are met (13): Fasting blood glucose is greater than or equal to 7.0 mmol/L, The glucose tolerance test result after 2 h is greater than or equal to 11.1 mmol/L, Glycosylated hemoglobin is greater than or equal to 6.5%. Additionally, individuals with a previous diagnosis of diabetes or those who are undergoing hypoglycemic therapy are also classified under the diabetes category. Hypertension is diagnosed when an individual presents with a systolic blood pressure (SBP) of 140 mmHg or higher and/or a diastolic blood pressure (DBP) of 90 mmHg or higher, according to standard clinical criteria. Additionally, individuals who are currently undergoing treatment with antihypertensive medications are also classified as having hypertension (14). The Body Mass Index (BMI) is calculated using the formula: weight in kilograms (kg) divided by the square of height in meters (m^2) (13). Heart disease encompasses a spectrum of conditions that affect the heart’s function and structure. This includes myocardial infarction, which is commonly known as a heart attack; coronary heart disease, often referred to as CHD and related to the narrowing of the coronary arteries; angina pectoris, a type of chest pain resulting from insufficient oxygen supply to the heart; congestive heart failure, where the heart is unable to pump blood effectively; and other related heart diseases (11). A subject can be diagnosed with hyperlipidemia if the diagnostic results meet at least one of the following criteria: Triglyceride (TG) levels are greater than or equal to 2.3 mmol/L, Total Cholesterol (TC) levels are greater than or equal to 6.2 mmol/L, Low-Density Lipoprotein Cholesterol (LDL-C) levels are greater than or equal to 4.1 mmol/L, High-Density Lipoprotein Cholesterol (HDL-C) levels are less than 1.0 mmol/L (15).



2.4 Statistical analysis

For data analysis, Stata 17.0 was employed. For measurement data that followed a skewed distribution, the summary statistics are given as Median (Q1, Q3), and the Mann–Whitney U test was utilized for group comparisons. Categorical data are described in terms of frequency and percentage, and the Pearson chi-square test was applied for group comparisons. The Least Absolute Shrinkage and Selection Operator (LASSO) regression analysis was conducted to identify the independent risk factors for hyperlipidemia among middle-aged and older adult individuals. Based on these identified factors, a nomogram prediction model was developed by using the Nomolog software programs in Stata 17.0 (16). The discrimination ability of the nomogram was evaluated using the Area Under the Receiver Operating Characteristic (ROC) Curve. The clinical applicability was assessed with the Decision Curve Analysis (DCA). The calibration of the nomogram model was evaluated using the Hosmer-Lemeshow goodness of fit test, Brier score, and calibration curve. To prevent over-fitting, the Bootstrap resampling method was implemented for internal validation of the nomogram. Bilateral tests were conducted, and results were considered statistically significant when the p-value was less than 0.05.




3 Results


3.1 Comparison of data between hyperlipidemia group and non-hyperlipidemia group

The study sample comprised 6,629 middle-aged and older adult individuals with a median age of 58.00 years, with interquartile range (IQR) of (51.00, 64.00) years. The gender distribution was as follows: 3,161 males (47.68%) and 3,468 females (52.32%). For a comprehensive overview of other demographic and health-related survey data, refer to Table 1. Within this population, hyperlipidemia was identified in 26.32% (1,745 out of 6,629) of the individuals. A comparative analysis between the hyperlipidemia group and the non-hyperlipidemia group revealed statistically significant differences in several health metrics and conditions, including Age, BMI, fasting blood glucose, blood urea nitrogen, uric acid, glycosylated hemoglobin, hemoglobin, white blood cell count, mean red blood cell volume, Platelet count, C-reactive protein, hypertension, diabetes, and gender (p < 0.05). Detailed data comparing these groups can be found in Table 1.



TABLE 1 Comparison of data between hyperlipidemia group and non-hyperlipidemia group.
[image: A table comparing variables between non-hyperlipidemia and hyperlipidemia groups. Includes age, BMI, glucose levels, and other health metrics. Significant differences in some variables are highlighted, with p-values indicating statistical significance.]



3.2 Screening of characteristic variables for hyperlipidemia in middle-aged and older adult people

The LASSO regression was used to screen characteristic variables for hyperlipidemia in middle-aged and older adult people. The 23 indicators in Table 1 were used as independent variables in the LASSO regression, and the occurrence of hyperlipidemia in middle-aged and older adult people was used as the dependent variable. A 10-fold cross-validation was conducted, with the variables corresponding to the minimum Lambda.1se from the cross-validation selected as the characteristic variables for hyperlipidemia in the middle-aged and older adult. The results showed that the minimum Lambda.1se was 0.033, and at this point, there were a total of 5 corresponding characteristic variables, namely fasting blood glucose, uric acid, C-reactive protein, white blood cell count, and BMI. See Figure 2.

[image: Panel A is a chart depicting the Lasso regression paths with various standardized coefficients versus regularization parameter lambda (λ). Panel B shows a cross-validation plot with cross-validation function values against lambda (λ), highlighting λ_cv and λ_se. The chart indicates optimal lambda values for minimum cross-validation error and standard error rule, with corresponding coefficients detailed in the caption.]

FIGURE 2
 Results of the LASSO analysis for screening characteristic variables of hyperlipidemia in middle-aged and older adult people. (A) Variable coefficient path diagram; (B) Cross-validation plot with 1 standard error bounds.




3.3 Multivariate logistic regression analysis of hyperlipidemia in middle-aged and older adult individuals

Utilizing the five feature variables selected by LASSO regression as independent variables and the incidence of hyperlipidemia as the dependent variable, a multivariate Logistic regression model was developed. The analysis revealed that BMI, fasting blood glucose, serum uric acid, C-reactive protein, and white blood cell count were significant independent risk factors for hyperlipidemia in the middle-aged and older adult population. The results indicated that for these factors, the odds ratios (OR) were greater than 1 and the p-values were less than 0.05, which is indicative of statistical significance. For a detailed examination of these results, please refer to Table 2.



TABLE 2 The results of multivariate logistic regression analysis of hyperlipidemia in middle-aged and older adult people.
[image: Table showing regression coefficients for various health variables. BMI: β=0.11, S.E=0.01, Z=13.01, p<0.001, OR=1.12 (1.10–1.14). Fasting blood-glucose: β=0.01, S.E=0.00, Z=9.47, p<0.001, OR=1.01 (1.01–1.01). Uric acid: β=0.25, S.E=0.02, Z=11.40, p<0.001, OR=1.28 (1.23–1.34). C-reactive protein: β=0.07, S.E=0.01, Z=8.56, p<0.001, OR=1.07 (1.05–1.09). White cell count: β=0.09, S.E=0.02, Z=5.01, p<0.001, OR=1.10 (1.06–1.14).]



3.4 Evaluation of discrimination and calibration of the multivariate logistic prediction model for risk of hyperlipidemia

The discrimination of the logistic model was evaluated using the area under the ROC curve (AUC). The AUC for the logistic model in predicting the risk of hyperlipidemia in the middle-aged and older adult individuals was 0.717 (95% Confidence Interval (CI): 0.703–0.731), which indicates that the logistic model has good discrimination. For a visual representation, refer to Figure 3.

[image: Receiver Operating Characteristic (ROC) curve displaying sensitivity versus 1-specificity. The curve bows above the diagonal representing random chance, illustrating a model's discriminative ability. The area under the ROC curve (AUC) is 0.717, indicating moderate accuracy.]

FIGURE 3
 ROC curve of the nomogram model.


The calibration of the logistic model was assessed using the Spiegelhalter’s z-statistic test, the calibration curve, and the Brier score. The p-value of the Spiegelhalter’s z-statistic test was 0.560, suggesting that the predicted probabilities align well with the actual frequencies of hyperlipidemia. Additionally, the Brier score for the nomogram model was 17.1%, which is below the threshold of 25%, indicating a good calibration degree. The calibration curve, as shown in Figure 4, also demonstrates that the nomogram model’s fit curve is consistent with the ideal curve.

[image: Calibration plot showing observed versus expected probabilities. A dashed line represents perfect calibration, while a solid blue line shows a locally weighted scatterplot smoothing (LOWESS) curve. Green circles indicate reference groups with error bars for ninety-five percent confidence intervals. The histogram at the bottom displays the distribution of expected probabilities. Model metrics include E:O ratio of 1.000, CITL of 0.000, slope of 1.000, and AUC of 0.717.]

FIGURE 4
 Calibration curve of the nomogram model.


To ensure the model’s robustness and to prevent over-fitting, Bootstrap self-sampling was performed for 500 iterations as an internal validation technique. Post-verification, the C-statistic for the nomogram model was 0.716, and the Brier score was 11.4%, suggesting that the model maintains good prediction efficiency and stability.



3.5 Evaluation of the clinical applicability of the nomogram prediction model for the risk of hyperlipidemia

The Decision Curve Analysis (DCA) curve was employed to assess the clinical applicability of the nomogram model for predicting hyperlipidemia risk in the middle-aged and older adult population. The net benefit in the DCA curve was defined as the difference between the total benefits and total costs associated with a particular intervention or treatment strategy. It was calculated by summing the individual benefits (such as improved health outcomes or cost savings) and subtracting the individual costs (including intervention costs and potential adverse effects), with each component weighted according to its respective probability and value. This calculation was performed at various threshold probabilities, and the resulting net benefits were plotted to form the DCA curve, providing a visual representation of the intervention’s cost-effectiveness across different decision-making thresholds. The findings indicate that when the predicted probability of hyperlipidemia lies within the range of 0.11 to 0.61, the use of the nomogram yields the highest net benefit for this demographic. This suggests that the nomogram model possesses favorable clinical utility. For a visual representation, refer to Figure 5.

[image: Decision curve analysis graph showing net benefit versus threshold probability. The blue line represents "Treat All," decreasing sharply. The red line, "Treat None," is flat at zero. The green line, "Nomogram predicted probability," starts high, decreases, and stabilizes near zero. Vertical red dashed lines mark thresholds at points seven and point six seven.]

FIGURE 5
 DCA curve of nomogram model for risk of hyperlipidemia.




3.6 The construction of nomogram prediction model for the risk of hyperlipidemia in middle-aged and older adult individuals

Based on the five independent risk factors identified in Table 2, a nomogram model was developed as a predictive tool. The nomogram procedure involved the creation of a graphical tool that translates statistical prediction models into a user-friendly, visual format for clinical decision-making. This was achieved by mapping the logarithm of the odds of an event onto a scale, where each predictor variable’s contribution to the log-odds was represented by a series of parallel lines or axes. The user would then locate the value of each predictor on its corresponding axis and draw lines to a common scale that summed these values, providing a total score that could be translated back into a probability of the event of interest using a calibration curve or lookup table. The construction of the nomogram was facilitated using the statistical software Stata 17.0, with the final model depicted in Figure 6.

[image: Nomogram showing the relationship between BMI, white blood cell count, C-reactive protein, uric acid, and fasting blood glucose with the risk of hyperlipidemia. Each variable is associated with a score, contributing to a total score linked to the probability of hyperlipidemia.]

FIGURE 6
 Nomogram prediction model of hyperlipidemia risk in middle-aged and older adult individuals.





4 Discussion

According to the China Cardiovascular Health and Disease Report 2022 (17), there is a concerning trend of increasing prevalence in cardiovascular diseases (CVD) within China. The report estimates a staggering 330 million individuals are affected by CVD in China. This includes a significant number of patients with various heart conditions such as 11.39 million with coronary heart disease, 8.9 million with heart failure, 2.5 million with rheumatic heart disease, 2 million with congenital heart disease, and 245 million with hypertension. CVD hold the distinction of being the leading cause of death among both urban and rural residents in China. It is a stark reality that two out of every five deaths are attributable to CVD. Hyperlipidemia stands as one of the primary culprits in the development of atherosclerosis and its related diseases. This condition is not merely detrimental to health but also characterized by a high prevalence, representing a significant and widespread public health challenge (18). Due to the typically asymptomatic nature of hyperlipidemia, it often goes unnoticed, leading to a missed opportunity for the most effective prevention and treatment. Hence, evaluating the risk of hyperlipidemia is crucial for its timely detection and prevention. Analyzing data from the 2015 China Health and Retirement Longitudinal Study (CHARLS), The study identified a hyperlipidemia prevalence rate of 26.32% among China’s middle-aged and older adult population, a figure that, while slightly lower than the 38.04% reported by Liang Xiaoli and colleagues in a single-center community study (19), still indicates a significantly high prevalence of hyperlipidemia within this demographic. This underscores the importance of developing a predictive model that incorporates the risk factors specific to middle-aged and older adult individuals for the forecasting of hyperlipidemia risk.

LASSO regression analysis and Multivariate Logistic regression analysis has pinpointed several independent risk factors for hyperlipidemia within the middle-aged and older adult population. These factors include Body Mass Index (BMI), fasting blood glucose, serum uric acid, C-reactive protein, and white blood cell count. Each of these factors demonstrated an odds ratio (OR) greater than 1, and the p-values were found to be less than 0.05. A study conducted by Liu Wei and colleagues has identified BMI as an independent influencing factor in the development of hyperlipidemia. The study reported an odds ratio (OR) of 1.489 for BMI, with a p-value of 0.025, denoting a positive correlation between higher BMI and the presence of hyperlipidemia (20). The findings from this study are in alignment with those of Liu Wei et al. Hyperlipidemia is characterized by an elevated level of triglycerides or cholesterol in the blood. As BMI increases, it can result in the accumulation of adipose tissue, which in turn can elevate blood lipid levels, disrupt lipid metabolism, and subsequently heighten the risk of hyperlipidemia. Moreover, an elevation in BMI is not only a marker for increased adiposity but also interlinked with other comorbidities. Conditions such as insulin resistance and an enhanced inflammatory response are exacerbated by a higher BMI and are recognized contributors to the exacerbation of hyperlipidemia risk.

In the demographic of middle-aged and older adult individuals, the ascendance of fasting blood glucose levels is often indicative of a waning insulin secretory capacity coupled with an increased insulin resistance (21). Insulin plays a crucial role in the regulation of blood sugar levels. When there is insulin resistance, the cells are less responsive to the hormone, leading to ineffective utilization of glucose. This results in an increase in blood glucose concentration. The elevated blood sugar levels then act as a stimulus for the liver to synthesize additional triglycerides. Furthermore, insulin resistance is associated with a reduction in high-density lipoprotein (HDL) cholesterol levels, which is often termed the ‘good cholesterol’ due to its protective role against cardiovascular diseases. The combination of increased triglycerides and decreased HDL cholesterol contributes to an elevated risk of hyperlipidemia (22). The renal excretion of uric acid involves a complex interplay between filtration and reabsorption, a process that can be influenced by myriad factors, including dysregulated lipid metabolism. When there is a perturbation in lipid metabolism, it can have a deleterious effect on renal function, potentially leading to a diminished excretion of uric acid. This reduction in uric acid clearance can result in an elevation of blood uric acid levels, a condition known as hyperuricemia. Furthermore, hyperuricemia can engage in a vicious cycle by exacerbating lipid metabolic abnormalities through the mechanisms of oxidative stress and inflammatory responses. Consequently, an increase in serum uric acid levels serves not merely as an indicator of hyperlipidemia but also acts as a catalyst in its progression (23). An elevation of C-reactive protein (CRP) is a biomarker that reflects an increase in inflammatory activity within the body. Among middle-aged and older adult individuals, such an increase in inflammation is intimately linked to the onset and progression of atherosclerosis. Atherosclerosis is a complex disease characterized by inflammation of the blood vessel walls and the deposition of lipids, marking it as a significant risk factor for cardiovascular disease. Moreover, the inflammatory process can also disrupt blood lipid metabolism, thereby amplifying the risk of hyperlipidemia (24). In the middle-aged and older adult population, an increase in white blood cell (WBC) count is often associated with conditions such as chronic inflammation and infection. Chronic inflammation is recognized as a significant risk factor for a range of diseases, including cardiovascular diseases and diabetes, which in turn can elevate the risk of hyperlipidemia. Furthermore, a heightened WBC count can lead to impairment of vascular endothelial cell function, a factor that can exacerbate the risk of hyperlipidemia (25).

A nomogram is a graphical predictive tool designed to quantify the probability of a specific event in a user-friendly and intuitive manner. Typically, this process involves assigning scores to various variables, cumulating these scores to obtain a total score, and then utilizing this score to estimate the likelihood of the event in question. The nomogram’s operation is straightforward, and its visual representation of probabilities offers a high level of clarity, making it a practical and accessible method for risk assessment (26). Research has demonstrated the utility of the nomogram model in predicting a range of outcomes specifically in the middle-aged and older adult population. It has been effectively used to predict the risk of mild cognitive impairment (27), the risk of distant metastasis of chondrosarcoma (28), the risk of all-cause mortality (29), and the risk of multimorbidity diseases (30). These applications underscore the nomogram’s versatility and its effective performance in a spectrum of predictive tasks concerning health risks within the middle-aged and older adult demographic. However, to date, there exists a gap in representative research on nomogram prediction models specifically tailored to estimate the risk of hyperlipidemia in this age group. Addressing this research void, the current study endeavors to construct a nomogram prediction model aimed at forecasting hyperlipidemia risk among middle-aged and older adult individuals. This model is developed through an analytical examination of the survey data sourced from the 2015 China Health and Retirement Longitudinal Study (CHARLS) database. The nomogram model’s efficacy is substantiated through a battery of validation techniques including the AUC, DCA, the Spiegelhalter’s z-statistic test, and Bootstrap self-sampling internal verification. These assessments collectively confirm the model’s favorable predictive efficiency, clinical applicability, and stability. By integrating multiple risk factors, the nomogram provides a comprehensive assessment of hyperlipidemia risk for the middle-aged and older adult, facilitating individualized intervention strategies and enabling a more optimized allocation of medical resources. This approach is instrumental in enhancing the efficiency of disease prevention and management protocols.


4.1 Limitations

There are several limitations to be acknowledged in the current study. Firstly, the research population is derived from middle-aged and older adult participants of the CHARLS, which may limit the generalizability of the prediction model to younger demographics, children, and individuals with varying socio-economic backgrounds, cultural practices, genetic profiles, or health statuses. Secondly, despite the representative nature of the study, the sample size post-screening is constrained. While internal validation of the nomogram model was performed using Bootstrap resampling, the sample size limitation precluded external validation. Therefore, the need remains for a prospective, multi-center, and large-sample cohort study to confirm the extrapolation and stability of the model developed in this research. Lastly, the scope of research indicators included in this study is limited. Future studies could benefit from incorporating a broader array of predictive indicators associated with hyperlipidemia to enhance the model’s predictive accuracy and to further refine its efficiency.




5 Conclusion

The prevalence of hyperlipidemia among China’s middle-aged and older adult population is determined to be 26.32%. Through rigorous analysis, BMI (Body Mass Index), fasting blood glucose, serum uric acid, C-reactive protein, and white blood cell count have been established as independent risk factors for the development of hyperlipidemia in this age group. The nomogram model developed for assessing hyperlipidemia risk in the middle-aged and older adult demonstrates excellent predictive efficiency and clinical applicability. It serves as a valuable tool to aid community health workers and medical professionals in the identification of high-risk hyperlipidemia groups. By employing this model, targeted preventive strategies can be implemented, which may lead to a reduction in the incidence of hyperlipidemia among the middle-aged and older adult demographic.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: the data used in this study is from CHARLS (2015). Data are publicly available and can be downloaded from CHARLS website: https://charls.pku.edu.cn/.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patients/participants or the patients’/participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

L-xZ: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, Writing – original draft, Writing – review & editing. S-BH: Conceptualization, Data curation, Methodology, Software, Validation, Writing – original draft. F-fZ: Data curation, Formal analysis, Resources, Writing – review & editing. T-tW: Data curation, Methodology, Software, Validation, Writing – original draft. YJ: Formal analysis, Resources, Visualization, Writing – review & editing. X-jZ: Project administration, Supervision, Writing – review & editing. J-yC: Project administration, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors thank the CHARLS participants and the staff numbers for their contributions of the data and data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Jain, KS, Kathiravan, MK, Somani, RS, and Shishoo, CJ. The biology and chemistry of hyperlipidemia. Bioorg Med Chem. (2007) 15:4674–99. doi: 10.1016/j.bmc.2007.04.031 
	 2. Das, H, and Banik, S. Prevalence of dyslipidemia among the diabetic patients in southern Bangladesh: a cross-sectional study. Diabetes Metab Syndr Clin Res Rev. (2019) 13:252–7. doi: 10.1016/j.dsx.2018.09.006 
	 3. Zhang, F, Xing, Y, Wu, Y, Liu, H, Luo, Y, Sun, M , et al. The prevalence, awareness, treatment, and control of dyslipidemia in Northeast China: a population-based cross-sectional survey. Lipids Health Dis. (2017) 16:61. doi: 10.1186/s12944-017-0453-2 
	 4. Chen, Y, Xu, X, and Wei, W. The distribution of Tcm constitution in Beijing and its correlation with hyperlipidemia. Chin J Gerontol. (2019) 39:5679–82. doi: 10.3969/j.issn.1005-9202.2019.23.011
	 5. Wang, Y, Liang, S, Li, X, Wang, Y, Lei, L, and Huang, L. Investigation on insomnia and analysis of influencing factors of hyperlipidemia patients in community elderly people. World J Sleep Med. (2022) 9:2323–5. doi: 10.3969/j.issn.2095-7130.2022.12.029
	 6. Taddei, C, Zhou, B, Bixby, H, Carrillo-Larco, RM, Danaei, G, Jackson, RT , et al. Repositioning of the global epicentre of non-optimal cholesterol. Nature. (2020) 582:73–7. doi: 10.1038/s41586-020-2338-1 
	 7. Karr, S. Epidemiology and management of hyperlipidemia. Am J Manag Care. (2017) 23:S139–48.
	 8. Zhang, Y, Wang, X, and Dai, F. Analysis of hyperlipidemia and related factors in elderly people with physical examination. China Med Front J. (2015) 7:22–4. doi: 10.3969/j.issn.1674-7372.2015.05.009
	 9. Zhao, Y, Hu, Y, Smith, JP, Strauss, J, and Yang, G. Cohort profile: the China health and retirement longitudinal study (Charls). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203 
	 10. Wang, Q, Song, W, Zhang, Y, and Du, J. The application of Bayesian network in the risk factors of senile depression-an empirical analysis based on Charls database. Modern Preven Med. (2023) 50:3649–55. doi: 10.20043/j.cnki.MPM.202301114
	 11. Guo, W, Yang, B, Lei, Y, and Li, J. Correlation analysis between creatinine level and death of heart disease patients based on Charls database. Int J Lab Med. (2024) 45:853–7. doi: 10.3969/j.issn.1673-4130.2024.07.018
	 12. Xu, L, Ge, J, Yu, P, and Yu, Y. Study on the changes of chronic diseases and comorbidity patterns of the elderly in China: based on the data of health and old-age care in China. China Gen Med. (2024) 27:1296–302. doi: 10.12114/j.issn.1007-9572.2023.0634
	 13. Zhan, B, Yang, H, Deng, G, and Yang, J. Correlation analysis between visceral fat index of China people and diabetes risk of the elderly in China based on Charls data. Modern. Prev Med. (2024) 51:216–20. doi: 10.20043/j.cnki.MPM.202308314
	 14. Qian, T, Liu, L, Han, Y, Sheng, X, and Zou, G. Dose-response relationship between China visceral obesity index and new hypertension in middle-aged and elderly people. Modern Preven Med. (2023) 50:1927–31. doi: 10.20043/j.cnki.MPM.202209596
	 15. Bello-Chavolla, OY, Kuri-García, A, Ríos-Ríos, M, Vargas-Vázquez, A, Cortés-Arroyo, JE, Tapia-González, G , et al. Familial combined hyperlipidemia: current knowledge, perspectives, and controversies. Rev Invest Clin. (2018) 70:224–36. doi: 10.24875/RIC.18002575 
	 16. Amirabadizadeh, A, Nakhaee, S, Jahani, F, Soorgi, S, Co, H, and Mehrpour, O. Prognostic indicators in critically ill poisoned patients: development of a risk-prediction nomogram. Drug Metab Pers Ther. (2020) 35:20200108. doi: 10.1515/dmpt-2020-0108 
	 17. China Cardiovascular Health and Disease Report Compilation Group. Summary of China cardiovascular health and disease report 2022. China Circ J. (2023) 38:583–612. doi: 10.3969/j.issn.1000-3614.2023.06.001
	 18. Xiao, H, Zhou, G, Li, L, Wang, T, Liu, J, Sun, G , et al. Study on hyperlipidemia status and related risk factors of middle-aged and elderly people in rural areas of Hengyang. Contemp Med. (2021) 27:1–4. doi: 10.3969/j.issn.1009-4393.2021.27.001
	 19. Liang, X, Song, R, Ding, Y, Qi, N, Liu, F, Zhu, L , et al. Establishment of risk nomogram model of hyperlipidemia in community elderly residents. world clinical drugs. (2021) 42:395–400. doi: 10.13683/j.wph.2021.05.014
	 20. Liu, W, Teng, Y, Zhang, H, Liu, Y, Qiu, S, Wei, C , et al. Analysis of influencing factors of hyperlipidemia in military pilots. Air Force Aviat Med. (2024) 41:9–12. doi: 10.3969/j.issn.2097-1753.2024.01.003
	 21. Xue, X, Lin, J, Wu, S, Li, J, Qiu, Z, Zhang, Y , et al. Correlation analysis between plasma metal concentration and fasting blood glucose in the elderly in a city of Shandong Province. J Environ Hyg. (2024) 14:93–103. doi: 10.13421/j.cnki.hjwsxzz.2024.02.001
	 22. Dong, A, Wang, Q, Yang, Z, and He, J. Study on the relationship between chronic cholecystitis and blood lipid level, body mass index and fasting blood glucose in healthy people. J Qiqihar Med College. (2024) 45:577–83. doi: 10.3969/j.issn.1002-1256.2024.06.017
	 23. Zhao, D, Luo, L, Zheng, D, Zhou, H, and Li, W. Analysis of clinical characteristics and risk factors of disease severity in patients with hyperlipidemia complicated with hypertension. Prog Modern Biomed. (2024) 24:979–84. doi: 10.13241/j.cnki.pmb.2024.05.033
	 24. Wen, X. Analysis of the incidence and typing of hyperlipidemia in Nanyang healthy people. Heilongjiang Med Sci. (2024) 47:101–2. doi: 10.3969/j.issn.1008-0104.2024.01.036
	 25. Shen, J, Xu, M, and Shi, L. Analysis of homocysteine level in elderly patients with hyperuricemia. Clin Med Res Pract. (2024) 9:47–50. doi: 10.19347/j.cnki.2096-1413.202405012
	 26. Park, SY. Nomogram: an analogue tool to deliver digital knowledge. J Thorac Cardiovasc Surg. (2018) 155:1793. doi: 10.1016/j.jtcvs.2017.12.107 
	 27. Huang, M, Gao, X, Zhao, R, Dong, C, Gu, Z, and Gao, J. Development and validation of a nomogram for predicting mild cognitive impairment in middle-aged and elderly people. Asian J Psychiatr. (2022) 75:103224. doi: 10.1016/j.ajp.2022.103224 
	 28. Deng, GH. Risk factors for distant metastasis of chondrosarcoma in the middle-aged and elderly people. Medicine (Baltimore). (2023) 102:e35562. doi: 10.1097/MD.0000000000035562 
	 29. Liu, L, Lo, K, Huang, C, Feng, YQ, Zhou, YL, and Huang, YQ. Derivation and validation of a simple nomogram prediction model for all-cause mortality among middle-aged and elderly general population. Ann Palliat Med. (2021) 10:1167–79. doi: 10.21037/apm-20-580 
	 30. Zheng, X, Xue, B, Xiao, S, Li, X, Chen, Y, Shi, L , et al. Development and validation of a multimorbidity risk prediction nomogram among Chinese middle-aged and older adults: a retrospective cohort study. BMJ Open. (2023) 13:e77573. doi: 10.1136/bmjopen-2023-077573 


Copyright
 © 2025 Zhang, Hou, Zhao, Wang, Jiang, Zhou and Cao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.










	
	ORIGINAL RESEARCH
published: 28 January 2025
doi: 10.3389/fpubh.2025.1475863






[image: image2]

Effect of Tai Chi combined with music therapy on the cognitive function in older adult individuals with mild cognitive impairment

Chunhui Zhou*

Shanghai University of Sport, Shanghai, China

Edited by
Jian Sun, Nanjing Agricultural University, China

Reviewed by
Yuanchao Zhang, University of Electronic Science and Technology of China, China
 Pedro F. S. Rodrigues, Infante D. Henrique Portucalense University, Portugal
 Yi Wang, Weinan Normal University, China
 Athanasios Kokkinakis, Zhejiang University, China

*Correspondence
 Chunhui Zhou, zhouchunhui@sus.edu.cn

Received 04 August 2024
 Accepted 02 January 2025
 Published 28 January 2025

Citation
 Zhou C (2025) Effect of Tai Chi combined with music therapy on the cognitive function in older adult individuals with mild cognitive impairment. Front. Public Health 13:1475863. doi: 10.3389/fpubh.2025.1475863






Background: With the global aging population increasing, cognitive impairment among the older adult, particularly Mild Cognitive Impairment (MCI), has garnered remarkable attention. MCI, often a precursor to dementia, presents an opportunity for early intervention. This study investigates the effects of Tai Chi combined with music therapy on the cognitive function in older adult individuals with MCI.
Methods: In this randomized controlled trial, 66 older adult participants with MCI were randomly assigned to one of the following three groups: a Control Group (CG), a Tai Chi Group (TCG), and a Tai Chi Combined with Music Group (TCMG), with 22 participants in each group. Cognitive function was evaluated over a 12-week intervention using the Montreal Cognitive Assessment (MoCA), Mini-Mental State Examination (MMSE), and Stroop Color and Word Test.
Results: Baseline characteristics showed no significant differences among the groups. The TCG and TCMG exhibited significant improvements after 16-week intervention. The participants with TCG group improved in MoCA score (P = 0.005), attention accuracy (P = 0.031), and delayed recall (P = 0.003). The participants with TCMG showed notable enhancements in MoCA (P = 0.000), MMSE (P = 0.001), attention accuracy (P = 0.025), visuospatial and executive functions (P = 0.001), naming (P = 0.014), abstraction (P = 0.020), and delayed recall (P = 0.006). The CG experienced decreased language repetition ability (P = 0.042) and delayed recall (P = 0.030).
Conclusion: Twelve weeks of Tai Chi combined with music therapy substantially improved cognitive function in older adult individuals with MCI. This combined intervention is more effective than Tai Chi alone, highlighting its potential as a non-pharmacological approach to enhance cognitive health in the aging population.
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1 Introduction

According to international standards, 7%, 14%, and 20% of the population aged 65 years and above are the three warning lines for an aging population, deep aging society, and super-deep aging society, respectively (1). “Ultra-deep aging” refers to the demographic phenomenon in which a significant proportion of the population is aged 80 years or older, resulting in unique challenges for healthcare systems and social support structures. This stage of aging, often associated with increased prevalence of neurodegenerative diseases and cognitive decline, requires tailored interventions to enhance quality of life and maintain cognitive function (2). China is moving toward a deep aging society, with 65-year-olds and above accounting for 12.6% of the total population in mainland China (3). Shanghai, for instance, now has a population of 65-year-olds and above, accounting for 21.8% of its total registered population (3). This figure renders it the first city to enter the super-deep aging society. Ultra-deep aging poses a severe challenge to medical treatment, with Alzheimer's disease being the most typical and high-risk type of dementia. Dementia is a slow-progressing and continuous disease characterized by impaired cognitive function that reduces one's ability to carry out their tasks/their daily activities, social interaction, and work; it is often accompanied by mental, behavioral, and personality changes (4) and causes profound human and economic burdens on patients, families, and society.

Although dementia is one of the hottest topics in the medical field worldwide, drug development progress has been inadequate. Disease progression begins 10–15 years before an individual is diagnosed with dementia (5, 6). Therefore, researchers have been exploring the possibility of screening and intervening before individuals progress to the dementia stage. Mild cognitive impairment (MCI) has caught the attention of clinical doctors and scholars. MCI refers to the transitional cognitive decline between normal aging and dementia, and its clinical manifestations are subjective memory/cognitive complaints accompanied by objective evidence, preserved daily life ability, and not reaching the level of dementia. A study covering 48 relevant domestic studies across 22 Chinese provinces found that the total prevalence of MCI in the older adult population in China was 14.71% (7). Therefore, numerous studies are attempting to identify effective treatment methods for MCI to reduce the incidence of Alzheimer's disease through early prevention and treatment (8).

Regarding treatment and intervention for MCI, the first category is medication, including medications targeting memory decline, brain atrophy, decreased mobility, and risk factors. A study of 51 drug trials (including three studies of dementia drugs, 16 antihypertensive drugs, 4 diabetes drugs, 2 non-steroidal anti-inflammatory drugs or aspirin, 17 hormones, and 7 lipid-lowering agents) clinically demonstrated that the evaluated medications neither improved nor slowed the decline in cognitive test scores of patients with normal cognitive function and MCI. Adverse events were reported inconsistently (9).

The second is non-pharmacological therapy, which mainly consists of two domains: cognitive and motor interventions. Exercise, especially aerobic exercise, is a popular area for non-pharmacological intervention in MCI. Exercise, especially aerobic exercise, is a popular field of non-pharmacological intervention for MCI. In 2018, the American Academy of Neurology explicitly included exercise twice weekly in the recommended treatment plan for patients with MCI (10). Aerobic exercise benefits cognitive function by improving global cognition, logical memory, inhibitory control, executive function, memory, attention, and processing speed in patients with MCI (11, 12). Aerobic exercise may also have a positive effect on the physiology of the aging brain (13–15). The possible mechanism is that aerobic exercise reduces interleukin-6 and tumor necrosis factor-α expression and increases brain-derived neurotrophic factor (BDNF) expression (16). Anaerobic exercise is generally performed using elastic bands, dumbbells, and free weight training. A meta-analysis demonstrated that resistance exercise can improve the global cognitive and executive functions in the MCI groups. Current local and foreign research indicates that aerobic and anaerobic exercises may have the benefit of delaying cognitive decline (17, 18). However, individual studies have shown that common aerobic or anaerobic exercise interventions do not improve executive function and episodic memory ability in patients with MCI (19).

As a multi-mode exercise that considers body and mind, Tai Chi may have superior effects on improving the cognitive ability and brain function in specific regions (20). By investigating the mechanism by which Tai Chi improves cognitive function, researchers concluded that it may improve memory and executive function in patients with MCI by increasing the expression of BDNF (21, 22). Tai Chi can potentially improve cognitive function in patients with MCI, but extensive trials with improved methods and long follow-up times are needed to draw definitive conclusions (23, 24). Combining Tai Chi and cognitive stimulation highly improved the overall cognitive function of patients with MCI compared with Tai Chi only (25). However, mechanistic evidence is lacking on how Tai Chi exercise combined with cognitive stimulation improves brain function and brain structure in patients with MCI (26).

Music has been found to induce neurotrophic effects in animal models, supporting the hypothesis that it can influence brain function through neurotrophin modulation. In a study with mice, music exposure significantly increased brain-derived neurotrophic factor (BDNF) levels and decreased nerve growth factor (NGF) levels in the hypothalamus, suggesting that the physiological effects of music may partly be mediated by these neurotrophic changes (27). Music also easily elicits movements that stimulate interaction between perception and action systems, highlighting its potential for enhancing cognitive engagement (28). According to the American Music Therapy Association (2011), music therapy is defined as “the clinical and evidence-based use of music interventions to accomplish individualized goals within a therapeutic relationship by a credentialed professional.” In music therapy, participants may be actively engaged in making music or singing (an “interactive” method) or may passively listen to music performed by a therapist or via recordings. This study employed Tai Chi combined with music therapy as an intervention for individuals with Mild Cognitive Impairment (MCI), utilizing a “motor + sensory” approach to stimulate both physical and cognitive systems. By assessing the effects of a 12-week intervention on cognitive function, this research aims to provide a scientific basis for the use of combined therapies in improving cognitive outcomes for the older adult with MCI.



2 Methods


2.1 Study design

This multicenter randomized clinical trial had 3 parallel groups and was conducted at 2 sites in China (Taicang, Shanghai). The local ethics committees for medical research at each study site approved the study. All participants provided written informed consent. The study followed the Consolidated Standards of Reporting Trial (CONSORT) reporting guideline.



2.2 Participants

The study included community-dwelling adults from 2 sites. Inclusion criteria were (1) the presence of MCI without dementia, (2) 60 years or older, (3) no engagement in regular exercise in the last 3 months, (4) informed consent and voluntary participation, (4)Mini-Mental State Exam (MMSE) score of at least 9 to no more than 23 and the ability to perform the timed up-and-go test (38), (5)ADL score of less than 26 (39). Exclusion criteria included (1) cognitive impairment caused by other reasons, (2) the presence of medical conditions that made exercise unsafe or the patient unable to exercise, (3) participation in other experiments that influenced this study, and (4) Use of medications known to significantly affect cognitive function (e.g., anticholinergics, sedatives).



2.3 Randomization and masking

The Research Electronic Data Capture (REDCap) data set system was used to randomly assign participants to the TCG, TCMG, or CG in a 1:1:1 ratio. Although blinding is not possible for participants in exercise-intervention research, the outcome assessors and data analysts were masked to group assignments. The study was unblinded after the statistical analyses were completed.



2.4 Interventions

The intervention content of Tai Chi was combined with the exercise recommendation program for the older adult as recommended by the American College of Sports Medicine, and a 3-month intervention program was implemented for the Tai Chi Group (TCG), Tai Chi Combined with Music Group (TCMG), and the Control Group (CG).

The target heart rate range was determined with the reserve heart rate percentage method [THR = (HRmax – HRrest) × expected intensity (45%−75%), HRmax = 207 – 0.7 × age] for the older adult who participated in the exercise intervention, and the Borg subjective fatigue scale (RPE) was used to measure the degree of exercise fatigue.

1. Tai Chi Group (TCG):

The TCG consisted of four sets of eight-style Tai Chi with the same content and different orders for 45–50 min. Tai Chi is a form of mind-body exercise aiming at integrating musculoskeletal, sensory, and cognitive systems. It focuses on controlled, self-initialed exercise with synchronized breathing. Additionally, the movement patterns include center of gravity displacement, weight bearing and shifting, trunk and pelvic rotation, and eye-hand coordinated movements (29).

2. Tai Chi Combined with Music Therapy Group (TCMG):

The TCMG included four kinds of soothing and pleasant music as confirmed by a questionnaire with the volume controlled at appropriate decibels.

The intervention consisted of 45–50 min of Tai Chi combined with music:

Site A: Tai Chi 1 + Music A

Site B: Tai Chi 2 + Music B

Site C: Tai Chi 3 + Music C

Site D: Tai Chi 4 + Music D

The subjects in this group were divided into four groups and subjected to the interventions at the four different sites, respectively. Subjects played corresponding Tai Chi while listening to different music, and the requirements were to adjust the breathing and movement rhythm according to the speed of the music. They then moved on to the next site after completing the current routine. The four sites were relatively independent and did not interfere with one another.

The music intervention protocol in this study was designed based on expert recommendations and participant input to ensure its appropriateness for Tai Chi practice among individuals with mild cognitive impairment (MCI). Through expert interviews, professors from the Music Department and the Martial Arts Department specializing in Tai Chi provided guidance for the initial selection of 10 music pieces (Table 1). These selections were informed by the experts' professional understanding of the rhythmic and sensory compatibility of music with Tai Chi movements. Subsequently, as the experiment approached its start, two staff members conducted interviews with MCI participants to gather their preferences and emotional responses to the pre-selected tracks. This participatory approach ensured the inclusion of music that was both engaging and culturally meaningful.


TABLE 1 Details of expert interviews conducted for music selection.

[image: Table listing interview subjects, dates, locations, and positions. Subjects Yang, Zhang, Wang, and Wu have interviews from March 24 to March 28, 2024, at universities. Positions range from associate professor to professor in departments of Traditional Ethnic Sports and Music. ** denotes privacy reasons for omitted names.]

Ultimately, four tracks were selected for use during Tai Chi practice: Tai Chi, High Mountains and Flowing Water, Moonlight Fairy, and Tranquil Retreat in the Wilderness. These tracks were chosen based on three main criteria. First, sensory appeal was paramount—the music needed to be soothing, melodious, and rhythmically appropriate to complement the flow of Tai Chi movements. Studies have shown that soothing music can enhance cognitive function by reducing stress, stabilizing mood, and improving focus (30–32). Second, participant preference was prioritized to ensure the music resonated with participants emotionally and culturally, fostering a sense of connection and engagement. Finally, practical suitability was a key consideration; the music had to support physical activity by promoting emotional stability, increasing interest, and minimizing fatigue during practice.

3. Control Group (CG):

The CG did not participate in the exercise intervention and were required to maintain their original daily activities.

The International Physical Activity Questionnaire Short Form (IPAQ-SF) was used to assess the physical activity level of the subjects within 1 week, every 4 weeks for 6 months. In the non-exercise group, daily physical activity was required to be less than 600 METs-min/week.



2.5 Measurements and outcomes

All participants were assessed at baseline and at 12 weeks. Assessments were conducted in accordance with a uniform implementation plan and standard operating procedures (Table 2).


TABLE 2 Comparison of cognitive performance and neuropsychological test scores across study groups at baseline and 12 weeks.

[image: Table comparing cognitive assessment scores at baseline and after twelve weeks for study groups TCMG, TCG, and CG. Measures include MoCA, MMSE, Stroop accuracy and reaction time, VFT, TMT-A, BNT, LMT, and Clock drawing. P-values indicate statistical significance for group comparisons. Asterisks denote significance where P-values are less than 0.05.]



2.6 Outcomes

The primary outcome was global cognition, assessed at 12 weeks. The Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE) were used to evaluate global cognitive function with scores ranging from 0 to 30. Higher scores indicated better cognitive function. Secondary outcomes included cognitive subdomain tests, also assessed at 12 weeks. These tests evaluated specific areas of cognitive function and included the Color Word Test (Stroop), which assesses attention, processing speed, and executive function; the Verbal Fluency Test (VFT), which evaluates language and executive function by having participants generate as many words as possible from a given category or starting letter within a set time; the Trail Making Test (TMT-A), which assesses visual attention and task switching by requiring participants to connect a sequence of numbered circles as quickly as possible; the Boston Naming Test (BNT), which measures language ability by asking participants to name a series of pictures; the Logical Memory Test (LMT), which evaluates verbal memory through story recall; and the Clock Drawing Test, which assesses visuospatial and executive function by requiring participants to draw a clock showing a specific time. These comprehensive assessments provided a detailed understanding of the cognitive effects of the interventions.



2.7 Statistical analysis

Based on the data presented in the table and a previous study, we used PASS software, version 15.0 (NCSS Statistical Software), to calculate that a sample size of ~22 participants would be needed in each group to achieve an 80% statistical power and a 2-sided level of statistical significance at 5% for the comparisons of the TCG and the TCMG vs. the CG at the primary endpoint. All participants were included in the intention-to-treat (ITT) analysis.

The modified ITT analysis included all randomized participants who completed at least 12 weeks of the intervention. Per-protocol analysis included participants who adhered to the treatment protocol. The safety set included the data collected for participants who received at least one intervention after randomization and for whom safety indicators were documented. Primary analyses were conducted using multiple imputation methods for missing baseline and post-intervention (33), assuming that missing data are missing at random (34). Continuous variables were reported as mean (SD). We used one-way analysis of variance (ANOVA) or the Kruskal-Wallis test for between-group comparisons as appropriate (Table 3). Categorical variables were described using numbers and percentages and analyzed using the χ2 test or the Fisher exact test. The primary analysis aimed to determine whether the TCMG had a more significant intervention effect on cognitive function compared with both the TCG and the CG at 12 weeks.


TABLE 3 Shapiro-Wilk test results for normality of baseline characteristics.

[image: Table showing normality test results for various cognitive scores across three groups: CG, TCG, and TCMG, each with a sample size of twenty-two. Variables include MoCA, MMSE, Stroop reaction time, Stroop accuracy, TMT-A, LMT, BNT, and Clock Drawing Test. Each variable's W statistic and p-value confirm normal distribution in all groups.]




3 Results


3.1 Participant characteristics

Sixty-six participants were evenly distributed into the following three groups: Control Group (CG, n = 22), Tai Chi Group (TCG, n = 22), and Tai Chi combined with Music Group (TCMG, n = 22). Baseline characteristics indicated mean ages of 66.90 ± 4.94 years for CG, 66.05 ± 6.64 years for TCG, and 64.58 ± 4.86 years for TCMG. Education levels averaged 8.76 ± 2.72 years for CG, 10.25 ± 6.04 years for TCG, and 9.37 ± 2.19 years for TCMG, with similar gender distributions across groups, slightly favoring females (Table 4). Conditions such as hypertension were present in three participants each in CG and TCMG, and one in TCG; diabetes was found in one participant each in TCG and TCMG, with none in CG.


TABLE 4 Baseline characteristics of participants.

[image: Table showing characteristics of three study groups: CG, TCG, and TCMG, each with 22 participants. Key data includes average age, education, gender ratio, presence of conditions like hypertension, diabetes, and vision disorders, along with mean Activities of Daily Living (ADL) scores. ADL scores are 204.0, 202.0, and 192.0 for CG, TCG, and TCMG respectively.]



3.2 Cognitive function outcomes

Primary and secondary outcomes were evaluated at baseline and after 12 weeks to assess intervention impacts on cognitive function. Baseline MoCA scores were comparable across groups (P = 0.364); by 12 weeks, TCMG showed significant improvement (26.74 ± 3.956) compared with TCG (25.50 ± 3.52) and CG (21.05 ± 2.70) (P = 0.000). MMSE scores also significantly improved in TCMG (29.32 ± 0.582) compared with TCG (29.10 ± 1.07) and CG (27.90 ± 1.334) (P = 0.001). Stroop Test results showed significant improvements in accuracy and reaction time for TCMG compared with CG, particularly in reaction times improving from 1,532.38 ± 1,964.66 m/s at baseline to 993.89 ± 150.48 m/s at 12 weeks (P = 0.004) (Table 5). χ2 test or the Fisher exact test (Table 6).


TABLE 5 Effect size estimates for key variables between TCMG and CG groups at 12 weeks.

[image: Table comparing cognitive test scores between TCMG and CG groups. Variables include MoCA, MMSE, Stroop accuracy and reaction time, TMT-A, LMT, BNT, and clock drawing test. Mean differences range from negative one hundred seventy-one point seven one to five point six nine, with Cohen's d ranging from zero point three zero to one point seven two.]


TABLE 6 Updated chi-square and fisher's exact test results.

[image: Table showing characteristics, tests used, and related p-values. Gender and hypertension use Chi-square with p-values of 0.92 and 0.52, respectively. Diabetes, heart disease, arthritis, respiratory disease, and hearing disorder use Fisher’s exact test with a p-value of 1.00. Vision disorder uses Fisher’s exact test with a p-value of 0.68.]



3.3 Secondary cognitive tests

Secondary tests (Verbal Fluency Test, Trail Making Test A, Boston Naming Test, and Logical Memory Test) further supported the primary outcomes. VFT scores remained similar across groups with no significant changes at 12 weeks (P = 0.365). TCMG showed improvement in BNT scores, although not statistically significant (P = 0.108). LMT scores significantly improved in TCMG (3.26 ± 1.49) compared with CG (1.95 ± 0.91) at 12 weeks (P = 0.004). Clock Drawing Test scores indicated cognitive improvements in TCMG, with comparable baseline scores across groups (P = 0.661) and significantly higher scores at 12 weeks (4.21 ± 0.918) compared with CG (2.85 ± 0.96) (P = 0.000). Combining Tai Chi with music seemed to enhance cognitive function more significantly than Tai Chi alone or with no intervention, particularly evident in MoCA, MMSE, Stroop (reaction time), and Logical Memory Test score improvements in TCMG.




4 Discussion

This study explored the effects of Tai Chi combined with music therapy on the cognitive function in older adult individuals with mild cognitive impairment (MCI). The findings indicated that this intervention significantly improved cognitive function. By comparing the cognitive function scores before and after the intervention among the Tai Chi group (TCG), Tai Chi combined with music group (TCMG), and the control group (CG), the TCMG was found to show superior performance in multiple cognitive tests, particularly in global cognitive function, executive function, and logical memory.

The results from the Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE) scores demonstrated that the TCMG exhibited significant cognitive improvements at 12 weeks compared with the CG and TCG. This finding supports the positive role of music in enhancing cognitive function. When combined with Tai Chi, the intervention likely further enhanced cognitive outcomes through multisensory stimulation. Additionally, the Stroop test results revealed that the TCMG had significantly improved reaction time and accuracy, indicating positive effects on attention and processing speed.

In this study, music therapy combined with Tai Chi demonstrated significant cognitive benefits, especially in memory and executive functions. Previous research has suggested that combining music with other forms of cognitive stimulation, such as dance, physical exercise, video games, or art, can produce enhanced effects (35). The findings of this study further confirm that the multimodal intervention of Eight-Form Tai Chi combined with music stimulation is more effective than Tai Chi practice alone. Studies suggest that music therapy enhances neuroplasticity by stimulating multiple neural networks, particularly those related to emotional regulation and memory consolidation (36–38).

The likely reason for this enhanced effect lies in the emphasis on integrating music into the practice of Eight-Form Tai Chi, encouraging participants to immerse themselves in the experience. This integration aims to achieve the training goals of “calming the mind and focusing intent” as well as “harmonizing motion and stillness.” Participants are required not only to engage their motor sensory systems to perform the Tai Chi movements but also to activate their auditory systems to synchronize movements with the rhythm of the music. This synchronization induces a state of cortical excitement, activating cognitive-related core brain regions. Additionally, music stimulation positively influences older adults' negative emotions and sleep disturbances, converting the physical properties of music into emotional benefits that enhance interpersonal communication and social interaction (39). Relevant brain imaging studies have shown that music stimulation activates the bilateral auditory cortex, the left frontal lobe, and the cerebellar regions, forming core components of the brain's ventral attention network that respond to novel or unexpected stimuli (40). This activation plays a significant role in improving the cognitive abilities of MCI patients. This dual engagement, both physical and auditory, may enhance the emotional connection to the exercise, leading to better adherence and potentially stronger cognitive effects than exercise alone (41, 42). Additionally, music may reduce stress responses and improve mood, creating a favorable environment for cognitive processing (43).

The findings of this study align with other research suggesting that Tai Chi may improve memory. However, this study has some limitations. First, the sample size was relatively small, and the study duration was short, leaving the long-term effects unverified. Second, the specific mechanisms underlying the intervention's effects remain unclear, necessitating further research to explore the impact of Tai Chi combined with music on brain function and structure. Future studies should expand the sample size, extend the follow-up period, and utilize neuroimaging techniques to elucidate the mechanisms of this intervention.



5 Conclusion

In summary, this study demonstrated that Eight-Form Tai Chi combined with music therapy has significant positive effects on the cognitive function in older adult individuals with MCI. These findings offer new insights and methods for non-pharmacological interventions in MCI, holding substantial clinical and societal implications. Future research should continue to explore the long-term effects and potential mechanisms of this intervention to provide other effective treatment options for MCI patients.

For future research, we recommend a deeper exploration of the mechanisms underlying music's role in cognitive enhancement. Experimental designs integrating neuroimaging or biomarkers could offer insights into how music and physical activity jointly influence brain function. By addressing these points, we hope to contribute a more comprehensive understanding of the synergistic effects of music and exercise in cognitive interventions.
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Battery for fall risk assessment in older adult people—BARQ: analysis of reliability and objectivity
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Introduction: This study aims to address significant gaps in fall risk assessment among older adult individuals, using a methodological approach to develop and validate effective instruments.
Objective: To establish the objectivity and reliability of the Battery for Fall Risk Assessment in older adult people - BARQ.
Methodology: This descriptive, cross-sectional, exploratory study started with a preliminary version of BARQ, based on the Comprehensive Falls Risk Screening Instrument—CFRSI. The following variables were included: Fall History and Adverse Events (FH), Medication Use (MU), Home Safety (HS), Balance (Ba), Mobility (Mo), and Visual Acuity (VA). BARQ was administered to 136 older adult participants (X̅ = 70.3 ± 7.20 years) by two assessment teams (∝ and β), at three different times, to examine instrument reliability and objectivity. Statistical analyses included Pearson’s correlation, Cronbach’s alpha coefficient, Student’s t-test, and Hedges’ g.
Results: Intra-rater and inter-rater correlations were significant for mobility (r = 0.90 and r = 0.88, respectively; p < 0.01) and visual acuity (r = 0.86 and r = 0.87, respectively; p < 0.01). Cronbach’s alpha coefficients indicated nearly perfect reliability for mobility (0.97) and visual acuity (0.96). No statistically significant differences were found in intra-rater assessments (p ranging from 0.11 to 0.55) and inter-rater assessments (p ranging from 0.37 to 0.55). Hedges’ g test showed medium effect sizes for the overall fall risk index between S1 and S2 (g = 0.39) and small to medium for other variables.
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 accidental falls; visual acuity; gait analysis; risk factors; proprioception; reproducibility of results


1 Introduction

Alongside cardiovascular, gastrointestinal, neurological, emotional, and respiratory diseases, falls among older adult individuals represent one of the primary health hazards leading to hospitalizations in this population GBD (1). Several factors increase the risk of falls in older adult people, such as advanced age, low educational attainment, polypharmacy, malnutrition, living alone, urban residency, smoking, and alcohol consumption (2). Moreover, conditions like heart disease, hypertension, diabetes, stroke, frailty, history of falls, depression, Parkinson’s disease, and pain also contribute to higher incidence of falls among older adult individuals (2). Conversely, higher education has been identified as a protective factor against falls among the older adult (2). According to Jaul and Barron (27), aging is a universal but non-uniform process. Awareness of age-related physiological changes such as reduced visual and auditory acuity, slower reaction times, and impaired balance can prepare patients and caregivers to manage risks, make informed decisions, and possibly prevent falls and medication-related adverse effects (27). According to Xing et al. (28), the research on identifying the pathogenic factors of falls caused by balance disorders in the older adult is a premise and foundation for identifying, evaluating, and controlling dysfunctions and loss of independence. From 2000 to (1), falls in the gerontological group accounted for 60.4% of hospitalizations (3), highlighting a significant public health issue and substantial healthcare costs in this area. Given these data, the study of falls among older adult people assumes increasing importance proportional to the progressive growth of this population. Among the older adult, falls not only cause injuries but also fatalities. Globally, nearly 37.3 million falls receive medical treatment in hospitals each year. Additionally, there are 646,000 catastrophic falls resulting in death, with individuals over 65 years old experiencing the majority (4). Approximately 30% of older adults experience at least one fall annually, a trend expected to increase to over 40% among individuals over 70 years old (5). It has been reported that about 25% of older adult patients who experience a fall will have at least one more fall event within 6 months (6).

One type of fall with a higher incidence is Falls from Standing Height (FSH), representing 67.1% of the total reported (7). There are various types of FSH, which can be classified according to the cause, mechanics, or consequence of the fall: lateral falls onto the arm or elbow, where the older adult fall sideways, can occur due to loss of balance or tripping. In a fall onto the arm, the impact is absorbed by the arm and shoulder, whereas in a fall onto the elbow, the impact is absorbed by the elbow and forearm; forward falls, where the older adult fall forward, can occur due to tripping, imbalance, or vision problems; backward falls, where the older adult fall backward, can occur due to dizziness, fainting, or neurological problems; falls from a lying position, where the older adult fall from a bed or chair to the floor, can occur due to mobility issues, instability when getting up, or inattention; and multidirectional falls, where the older adult fall without a defined direction, can occur due to a sudden loss of balance.

The causes of falls, and consequently their risk factors, are of intrinsic nature (age, gender, functional capacity, chronic diseases, gait disorders, prior history of falls, or psychocognitive dysfunctions), according to Minta et al. (8), or extrinsic nature (environment and medications used), according to Poh and Shorey (9). Therefore, instruments to assess the risk of falls in older adult individuals need to be multifactorial to encompass all involved variables.

The starting point for establishing a methodology to assess the risk of falls in older adult individuals originated from the study by Fabre et al. (10), which established an algorithm to identify variables present in previously published studies. Based on this study, the Fall Risk Assessment Battery for older adult Individuals (BARQ) was developed, which is the focus of the present article.

Considering the above, this article aims to establish the objectivity and reliability of the BARQ.



2 Methodology

This study was structured as a descriptive, cross-sectional, and exploratory study, aiming to explore areas with limited prior information or issues with limited scientific evidence (11). Additionally, a methodological approach was adopted to explore scientific methods involving the creation, validation, and evaluation of instruments (12), using the Delphi technique to ensure the scientific validity of the instrument (13).

The initial phase of the study involved the development of a preliminary version of instruments to assess the components of fall risk in the older adult, based on the Comprehensive Falls Risk Screening Instrument (CFRSI) (10). This stage included a literature review in databases such as Web of Science, Scopus, SciELO, EMBASE, Cochrane Library, LILACS, and PubMed, using descriptors: Falls risk assessment, Geriatric assessment, Balance assessment, Gait analysis, and Fall prevention. The results were analyzed using the Brainstorming technique (14), conducted by researchers from the Laboratory of Human Motor Science—LABIMH, culminating in the Fall Risk Assessment Battery for older adult Individuals (BARQ).

It was decided that the BARQ should initially cover the following variables: History of Falls and Injuries (HFI), Medication Use (MU), Home Safety (HS), Balance (Ba), Mobility (Mo), and Visual Acuity (VA). For the first three variables, the CFRSI questionnaires were adapted and supplemented.

The HFI included nine questions addressing: occurrence of falls in the past 3 years, specifying if any occurred in the last 12 months; difficulties walking; presence of arthritis; drug reactions; purchasing medications from the same pharmacy; need for corrective lenses and ophthalmological follow-up.

The MU, composed of four questions, examined: whether the individual takes prescribed medications; occurrence of side effects; description of these effects; the quantity and types of medications used. Participants were asked to bring the medication packages to ensure the accuracy of the responses. Medications were categorized by trade name, active substance, and medicinal effect, with the classification done by a pharmacist and a physician.

Finally, the HS, with 12 questions, aimed to assess home safety for the older adult, identifying potential risks of falls and accidents. The questions included aspects such as the presence of handrails on stairs, adequate lighting, grab bars in the bathroom, non-slip mats, and the organization of the environment.

The variables Balance, Mobility, and Visual Acuity were assessed using established classical tests, namely: Functional Reach Test (15), Expanded Timed Up-and-Go (ETUG) (16), and the Snellen Chart (17), respectively.

The full formulation of the BARQ can be seen at: https://abrir.link/MLdHn.

Based on the consideration of the raw values and their geometric mean, the formula for the General Fall Risk Index (GFRI) was derived, also available at the aforementioned link.

To evaluate the reliability (intra-rater error, using the test–retest method) and objectivity (inter-rater error, through agreement between observations) of the instrument, the BARQ was applied to the same Reference Group (RG) by two different teams of assessors: team alpha (∝) collected data in week 1 (S1) and the subsequent week, S2, to ascertain intra-rater error, assessing the reliability of the battery.

Team beta (β) applied the BARQ to the RG in the third week (S3) to evaluate inter-rater error, allowing the assessment of objectivity. Both teams were homogeneous, comprising three assessors each, all with master’s or doctoral degrees and experience working with older adult individuals.

The RG consisted of 136 older adult volunteers (mean age = 70.3 ± 7.20 years), all participants in community groups from the states of Sergipe and Bahia (Brazil). Participants were randomly selected after verifying inclusion criteria (being over 60 years old, volunteering for the study) and exclusion criteria (contraindication in the Revised Physical Activity Readiness Questionnaire: r-PARQ or failure to complete the three evaluation sessions).

The study was conducted in full compliance with Law n°: 14,874, of May 28, 2024 (18), and the Declaration of Helsinki (19), with all participants signing the Informed Consent Form (TCLE). The project was submitted to the ethics committee of Tiradentes University and approved under opinion n°: 6,847.94, of May 24, 2024, in the project of CAAE n°: 26524719.4.0000.5371.

To ensure the analysis of the objectivity and reliability of the BARQ, a thorough statistical procedure was applied using SPSS 22.0 for Windows (IBM Corp., Armonk, NY, United States). Initially, a descriptive analysis was conducted to characterize the studied sample. Descriptive statistics, such as means, standard deviations (SD), and frequencies, provided an overview of the collected data, allowing an initial understanding of the sample’s main characteristics.

To evaluate the association between measurements obtained by the same assessors and by different assessors, Pearson’s test was used. The internal consistency of the measurements was verified using Cronbach’s alpha. To assess differences in intra-rater and inter-rater measurements, Student’s t-test was applied. Additionally, Hedges’ g test was employed to verify the effect size in measurements performed by the same and different assessors.

A significance level of p < 0.05 was adopted for all statistical inferences. This standard is commonly accepted in scientific research and indicates a 5% probability that the observed results are due to chance, providing a high degree of confidence in the study’s findings.



3 Results

The presentation of the results will begin with the characteristics of the Reference Group (RG), as shown in Table 1.



TABLE 1 General characteristics of the reference group.
[image: Table showing four variables: Age, MU, FH, and SD. Age has minimum 60.0, maximum 87.0, mean ± SD 70.3 ± 7.20. MU has minimum -4.0, maximum 1.5, mean ± SD -0.9 ± 1.88. FH has minimum -6.0, maximum 6.0, mean ± SD 2.4 ± 2.98. SD has minimum -4.0, maximum 10.0, mean ± SD 2.9 ± 3.29.]

Results in Table 1 demonstrate that the sample group is homogeneous in terms of age, which ranges from 60 to 87 years. However, the sample is heterogeneous concerning medication use, fall history, and home safety, as reflected by the high standard deviation. This variability is explained by the significant differences in medication use and the number of falls in the past year.

Table 2 shows the descriptive characteristics of the data obtained in the three assessments to determine reliability (intra-rater error, using the test–retest method) and objectivity (inter-rater error, through agreement between observations) for the three tests performed on the general index calculated. Except for the GFRI, it can be observed that the evaluations in intra-rater measurements were higher than in inter-rater evaluations.



TABLE 2 Descriptive characteristics of the data obtained in the sample at three evaluation moments.
[image: Table displaying variables with their minimum, maximum, and mean plus standard deviation values. Variables include Ba, Mo, VA, and GFRI in different ratios: 1:1, 1:2, and 2:1. Mean ± SD ranges from -0.9 ± 1.88 to 20.5 ± 7.19.]

Table 3 displays the data gathered from the reference group (RG) at three evaluation points: α/S1, α/S2, and β/S3. These data were analyzed using Pearson’s correlation, and, complementarily, the Intraclass Correlation Coefficient (ICC) was calculated to provide a more comprehensive assessment of reliability and objectivity.



TABLE 3 Statistical significance of reliability (intra-rater correlation ∝/S1 x ∝/S2) and objectivity (Inter-Rater Correlation ∝/S2 x β/S3).
[image: Table showing two sections: Reliability/Intra-Rater Correlation and Objectivity/Inter-Rater Correlation. Variables include Ba, Mo, VA, and GFRI. In Reliability, the r values range from 0.44 to 0.90, p values are 0.01 or less, and ICC values range from 0.88 to 0.92. In Objectivity, the r values range from 0.65 to 0.88, p values are all less than 0.01, and ICC values range from 0.89 to 0.93.]

The results presented in Table 3 suggest strong reliability and consistency in both intra-rater and inter-rater evaluations, particularly in mobility and visual acuity assessments. The balance measures show varied degrees of correlation but remain statistically significant, indicating some level of consistency. The General Fall Risk Index also shows notable reliability between evaluation moments.

Table 4 presents the Cronbach’s alpha index results for the studied variables, assessing their internal reliability. This index verifies the consistency of scales and questionnaires. In this study, it is used to analyze the accuracy of mobility, balance, visual acuity, and fall risk assessments, ensuring the validity of the results obtained.



TABLE 4 Cronbach’s alpha internal reliability and consistency index for studied variables.
[image: Table listing variables and their alpha index and reliability. Variables: Ba (0.75, Substantial), Mo (0.97, Almost Perfect), VA (0.96, Almost Perfect), GFRI (0.79, Substantial).]

Table 4 highlights the high internal reliability of the studied variables. The mobility (Mo) and visual acuity (VA) variables presented Cronbach’s alpha indexes of 0.97 and 0.96, respectively, indicating almost perfect reliability. The balance (Ba) and the General Fall Risk Index (GFRI) also showed good consistency, with substantial indexes of 0.75 and 0.79, respectively.

Table 5 presents the results of the Student’s t-test used to verify the statistical significance of the differences observed in both intra-rater and inter-rater evaluations. The analysis of these results will allow assessing whether the discrepancies in evaluations conducted by the same or different raters are statistically relevant, directly impacting the consistency and reliability of the obtained data.



TABLE 5 Evaluation of statistical significance of intra-rater and inter-rater differences.
[image: Table showing reliability and objectivity correlations. For intra-rater (α/S1 and α/S2), Ba: 20.5±7.19 and 18.6±7.29, t=1.11, p=0.27; Mo: 19.5±3.69 and 18.9±3.78, t=0.65, p=0.52; VA: 8.5±2.50 and 9.1±2.17, t=-1.06, p=0.30; GFRI: 17.9±2.86 and 19.6±5.33, t=-1.63, p=0.11. For inter-rater (α/S2 and β/S3), Ba: 20.5±7.19 and 21.6±7.28, t=-0.64, p=0.52; Mo: 19.5±3.69 and 19.8±3.46, t=-0.60, p=0.55; VA: 8.5±2.50 and 9.0±2.18, t=-0.90, p=0.37; GFRI: 17.9±2.86 and 18.5±2.89, t=-0.84, p=0.41.]

Table 5 reveals that the absence of statistically significant differences between evaluations, both intra-rater and inter-rater, indicates the homogeneity of the results. This suggests consistency and uniformity in the conducted measurements, strengthening the reliability of the evaluations and the robustness of the obtained data.

Finally, Table 6 presents the difference between measurements performed at different times and by different raters, aiming to determine the effect size using Hedges’ g test. This test was chosen because it adjusts for sample size, providing more precise estimates, especially in studies with smaller samples. Balance, mobility, visual acuity, and the general fall risk index were evaluated among the investigated variables.



TABLE 6 Effect size analysis using hedges’ g test in conducted measurements.
[image: Two tables compare sets of variables and their classifications. The first table lists variables Ba, Mo, VA, and GFRI with values under columns S1, S2, g, and classifies all as Medium. The second table has the same variables under columns α, β, g, and classifies Ba, Mo, and GFRI as Small, while VA is Medium.]

The Table 6 highlights that, between moments S1 and S2, the general fall risk index showed the largest medium effect size (g = 0.39). In the comparison between evaluators alpha and beta, visual acuity (g = 0.21) was the only variable with a medium effect size (Table 6). This is positive in a validation study, as small effect sizes indicate greater reliability and objectivity, demonstrating that the assessment instrument or method provides consistent and precise results over time and across different evaluators. It is important to note that there were no large effect sizes, reinforcing the reliability of the obtained results.



4 Discussion

The characterization of the sample, composed of 136 older adult individuals with an average age of 70.3 ± 7.20 years, revealed a demographic profile relevant for fall risk studies, such as Beretta et al. (20). The heterogeneity in terms of medication use, fall history, and home safety, reflected in high standard deviations, suggests significant variability in risk factors, corroborated by other similar studies (2, 21).

The results of the reliability and objectivity analysis of the BARQ are notable. The intra-rater correlations for mobility (r = 0.90, p < 0.01) and visual acuity (r = 0.86, p < 0.01) demonstrate high consistency of results when evaluated by the same individual at different times, values compatible with studies of a similar nature, such as Almeida Lima et al. (22) and Chardon et al. (23). Inter-rater consistency also showed significant results, with correlations of r = 0.88 (p < 0.01) for mobility and r = 0.87 (p < 0.01) for visual acuity. These results are congruent with studies by Lovie-Kitchin (17) and Spranger et al. (1), which emphasize the importance of repeatability and agreement among observers in clinical assessment.

The internal consistency analysis through Cronbach’s Alpha Index recorded high values for mobility (0.97) and visual acuity (0.96), indicating near-perfect reliability. The values for balance (0.75) and the general fall risk index (0.79) were substantial, aligning with the standards suggested by Quinn et al. (24) and validating the internal robustness of the instrument.

The absence of statistically significant differences in intra-rater (p ranging from 0.11 to 0.55) and inter-rater (p ranging from 0.37 to 0.55) evaluations suggests that BARQ maintains homogeneity in measurements. This finding aligns with existing literature where reliability tested by similar methods resulted in stable and precise data over time (25).

Effect sizes measured by Hedges’ g revealed medium indices for the general fall risk index between S1 and S2 (g = 0.39) and small to medium effects for other variables, indicating that BARQ has adequate sensitivity without large variations in measurements. This is a positive finding, as smaller effect sizes are indicative of greater consistency and precision (26).

The results of this study are highly relevant to gerontology and public health. The high reliability and objectivity of BARQ suggest that this instrument can be efficiently employed in both research and clinical practice. The application of BARQ can enable early detection of fall risks, facilitating preventive interventions that can significantly reduce the incidence of falls, consequently improving the quality of life and safety of the older adult.

Moreover, the use of BARQ in public health programs can inform the formulation of public policies aimed at fall prevention. Evidence-based strategies, such as the use of validated instruments, are crucial for resource optimization and the promotion of healthy and safe aging. Therefore, the findings of this study not only validate the efficacy of BARQ but also reinforce its importance as an assessment tool in the context of older adult health.



5 Conclusion

The detailed analysis of the data presented in this study robustly confirms the high reliability and objectivity of the Battery for Assessing the Risk of Falls in older adult People (BARQ). The consistency of intra-rater evaluations and inter-rater correlations indicates a reliable and valid tool for determining fall risk in the older adult.

The results showed significant intra-rater correlations, especially in the variables of mobility (r = 0.90, p < 0.01) and visual acuity (r = 0.86, p < 0.01), indicating high consistency and therefore reliability in evaluations conducted by the same evaluator at different times. In terms of objectivity, inter-rater correlations were also high, with mobility presenting r = 0.88 (p < 0.01) and visual acuity r = 0.87 (p < 0.01). These mathematical indicators reflect the uniformity and precision of the data obtained by BARQ.

The Cronbach’s Alpha Index demonstrated high internal reliability, with the variables of mobility (Mo) and visual acuity (VA) showing extremely high indices of 0.97 and 0.96, respectively, indicating near-perfect reliability. Balance (Ba) and the General Fall Risk Index (GFRI) also showed good consistency with substantial indices of 0.75 and 0.79, respectively. These values are clear indicators that the scales and questionnaires used in BARQ are coherent and precise.

Additionally, the results of the Student’s t-test did not show statistically significant differences between intra-rater evaluations (p ranging from 0.11 to 0.55) and inter-rater evaluations (p ranging from 0.37 to 0.55), suggesting that the measures are homogeneous and reliable over time and across different evaluators.

Effect sizes measured by Hedges’ g showed that between moments S1 and S2, the general fall risk index presented a medium effect size (g = 0.39), while in the comparison between alpha and beta evaluators, visual acuity presented g = 0.21. These small to medium effect sizes corroborate the stability of the results, indicating that BARQ is consistent and precise over time and between different evaluators.

The significance of these findings for gerontology is considerable, as a reliable instrument like BARQ allows for the accurate identification of fall risks in the older adult, one of the main causes of morbidity and mortality in this age group. The efficient application of BARQ can guide more effective clinical and rehabilitative interventions, improving the safety and quality of life of the older adult.

Furthermore, these results form a solid foundation for the formulation of public policies aimed at older adult health. The use of BARQ in public health programs can assist in the early detection of risks and the implementation of preventive strategies to reduce falls, resulting in less strain on healthcare systems and long-term care, and promoting healthier and safer aging for the older adult population.

Thus, the study fully achieves its primary objective by establishing the objectivity and reliability of BARQ, positioning this tool as essential for clinical practice and public health, as well as gerontological research.
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Objective: With advancing age, older adults are more likely to experience health problems and a decline in functioning, necessitating long-term care. Spouses play a crucial role in providing care for the older adults. Depression is a significant mental health issue faced by older adult’s spouses. Categorizing depression into homogeneous subgroups can unveil hidden insights.
Methods: This study utilized the Harmonized CHARLS dataset to investigate. Latent Profile Analysis (LPA) was employed to identify subgroups of older adult’s spouses who experience depression, and chi-square tests were conducted for univariate analysis. Furthermore, multiple logistic regression was utilized to analyze the associated factors.
Results: Spouse caregivers were identified and classified as Low Level Depression (50.6%), High Level Depression (20.0%), and Unstable Affective Depression (29.4%). Gender, education level, self-assessment of health, communication with children, social participation, life satisfaction, and place of residence were found to be influential factors for depression among older adults spouse caregivers. Multiple logistic regression analysis indicated that, compared to individuals with low levels of depression, those with high levels were significantly associated with gender, education level, self-assessed health status, social engagement, life satisfaction, and place of residence. Similarly, compared to individuals with low levels of depression, those classified as having an unstable affective type were significantly associated with gender, education level, self-assessed health status, and life satisfaction. Furthermore, compared to individuals with high levels of depression, those with unstable affective depression were significantly associated with gender, self-assessed health status, weekly interactions with children, and participation in social activities.
Conclusion: This study revealed distinct subtypes of depression among older adults spousal caregivers, emphasizing the importance of targeted interventions in primary care. Tailored intervention strategies addressing the specific characteristics of each subtype may improve caregivers’ mental health and enhance their quality of life.
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1 Introduction

The global older adult’s population is experiencing a significant growth both in terms of numbers and proportions. From 2020 to 2030, the global population of individuals aged 60 and above is projected to rise from 1 billion to 1.4 billion, indicating a substantial increase of 34%. This aging trend is occurring at a considerably faster pace compared to previous periods. By 2050, two-thirds of the world’s population aged 60 and older will live in low- and middle-income countries (1). In China alone, projections indicate that by 2050, approximately 400 million individuals will be aged 65 or older, with an additional 150 million over the age of 80 (2). As global aging continues, the associated challenges in older adults care are intensifying, particularly in low- and middle-income countries where medical resources and infrastructure are limited. These constraints further increase the demand and burden of older adults care in these regions.

Alongside the intensifying global aging trend, rapid economic development and lifestyle changes have led to a significant shift in the global disease profile, with chronic non-communicable diseases (NCDs) now surpassing infectious diseases as the primary threat to human health. In developing countries, the combined pressures of an aging population and the burden of disease are further intensified by limited medical resources and infrastructure, heightening the demand for older adults care (3). In China, non-communicable diseases (NCDs) now account for the largest proportion of the disease burden, responsible for approximately 90% of total deaths in 2019 (4). Due to the complex causes and long progression of chronic diseases, individuals may suffer from multiple chronic conditions simultaneously, resulting in more severe health crises (4) and more complex long-term care needs.

As people age, they are more likely to encounter health challenges and experience functional decline, necessitating long-term care support (5). The concept of “aging in place” has recently garnered increasing attention. In simple terms, it refers to individuals growing older within their own homes. The WHO Center for Health Development defines this concept as “supporting the desire and ability of individuals to live relatively independently within their current home or in appropriately supported housing within the community, through the provision of adequate services and assistance (6)”. Many older adults individuals prefer to spend their later years in familiar surroundings rather than transitioning into institutional care (7). Additionally, the rising costs associated with long-term care (8) and the growing preference for aging within one’s own home (9) have led to a greater emphasis on family caregiving across various countries, with particular attention to spousal caregiving. Research indicates that when older adults face functional impairments, their spouses frequently assume the primary caregiver role (10). Additionally, declining birth rates and increased migration have resulted in smaller family sizes, causing a greater dependency of older adults on their spouses for caregiving (11). This phenomenon is even more pronounced in China, where limited formal caregiving resources and cultural traditions contribute to the prevalent practice of aging in place. Among older adults requiring caregiving assistance, the majority rely on family members, primarily spouses, followed by children and other relatives. In essence, spouses play a crucial role in the provision of elder care (12).

Extensive research has indicated that spousal caregivers, compared to non-spousal caregivers, tend to receive less support from other family members (13–16). They also experience elevated levels of stress and have poorer physical and mental health (17–19). Unlike other older adults, spousal caregivers have a distinctive role in caring not only for their own well-being but also for their spouses’ needs. This caregiving lifestyle appears to render them more susceptible to depression. Studies have shown that providing long-term care directly influences the prevalence of depression among family caregivers (20). Spousal caregivers exhibit higher levels of depressive symptoms compared to non-spousal caregivers (21). Depression, a common psychiatric disorder characterized by cognitive, emotional, and physical symptoms, has become the second leading cause of disability worldwide as estimated by the World Health Organization in 2020. In 2015, over 300 million people worldwide were diagnosed with depression, representing 4.4% of the global population and establishing it as the primary contributor to the global disease burden (22). Among those affected, 5.7% were aged 60 years or older (23). Additionally, the prevalence of depression among the older adults has been increasing; in 2018, the incidence of depression among older adults in China reached a significant 44.5% (24). Depression carries significant economic implications and represents a critical global public health concern. It not only affects the quality of life of older adults’ individuals (25) but also contributes to adverse outcomes such as falls (26), frailty (27), dementia (28), and suicide (29). Older adults already face a high risk of depression, and spousal caregivers constitute a particularly vulnerable subgroup. Therefore, an in-depth analysis of depression among spousal caregivers is essential.

Previous research on spousal depression has focused on longitudinal predictors of depression in spousal caregivers with dementia (30), and the relationship between depression in men as spousal caregivers and other factors (21). However, these studies often diagnose depression in older adults based on total scores or critical values, overlooking the potential qualitative differences in response patterns among individuals who share similar scores. This can lead to significant heterogeneity within defined groups. However, this issue can be addressed through the application of LPA/LCA. LPA/LCA utilizes probabilistic models for classification while simultaneously examining subjects on an individual basis, thereby intuitively revealing group heterogeneity.

In recent years, several studies have utilized the LPA/LCA approach to explore the characteristics of depression in older adults. For example, In 2023, Hou (31) conducted a latent profile analysis (LPA) on older adults living alone, categorizing them into three subgroups based on their depression levels: low (30.4%), moderate (55.3%), and high (14.4%).The study suggested that targeted interventions should be implemented based on the specific depressive conditions of older adults living alone. In 2017, Ni (32) classified depression in older adults into three subgroups: “mild depression,” “severe depression,” and “lack of positive affect.” Their findings revealed varying treatment effects among baseline depression categories, suggesting that tailored intervention plans could be beneficial in improving depression outcomes in older adults. These studies found that the LPA/LCA method can clearly identify homogeneous subgroups of depression, thus providing a better understanding of the differences between different subgroups of depression in older adults.

However, none of these studies specifically analyzed spousal caregiver depression, making it difficult to understand its unique characteristics. While it can be hypothesized that different depressive symptom categories also exist within the spousal caregiver population, their distinct lifestyle characteristics may result in a classification that differs from existing depression studies. The dual role of spousal caregivers—as both caregivers and older adults—presents unique challenges that necessitate different treatment approaches. While the general older adult’s population may benefit from standard mental health interventions, spousal caregivers require more targeted and comprehensive treatment plans to address both their caregiving responsibilities and the personal stress associated with aging. Therefore, previous findings cannot serve as the foundation for interventions aimed at spousal caregivers who are at high risk for depression. Therefore, this study aimed to reveal the categories and influencing factors of depressive symptoms among older spousal caregivers in a Chinese cultural context using a latent profile analysis.



2 Methods


2.1 Sample

The data used in this study were sourced from the China Health and Retirement Longitudinal Study (CHARLS), a comprehensive national survey designed to gather detailed information on health and aging among individuals aged 45 and older in China. The data encompassed 28 provinces, cities, and autonomous regions across China, ensuring a highly representative sample. To ensure the relevance of the data, certain criteria were applied for screening purposes. The data were obtained from Harmonized CHARLS, a streamlined version of the CHARLS survey providing convenient access to a subset of interview data (33). Specifically, the study focused on older adults aged 60 years and above who reported receiving assistance from their spouses for daily living. Sample losses and missing values were carefully excluded to ensure the integrity of the main outcome variable. After these exclusions, a final sample of 2,224 participants was obtained. The study adhered to the ethical guidelines set forth by the World Medical Association’s code of ethics (Declaration of Helsinki) regarding experiments involving human subjects. It underwent ethical review and approval by the Biomedical Ethics Review Committee of the Local University. Prior to their participation, all participants were provided with comprehensive information and gave their informed consent to be part of the study. Access to the CHARLS data was obtained following the designated regulations, and data were acquired and utilized with approval from the database administrator.



2.2 Measurements


2.2.1 Depression

In this study, the CESD-10 was used to score the depression level of older adults spouse caregivers. The Chinese version of this scale has been widely used in numerous studies, demonstrating high reliability and validity, with a Cronbach’s alpha coefficient of 0.802 (34). It includes three factors: depressive mood, somatic retardation, and positive affect. The scale is scored on a 4-point Likert scale, with a score of 1 for “not or rarely,” 2 for “sometimes or a little of the time,” 3 for “often or half of the time,” and 4 for “most or all of the time.” The higher the score, the more severe the depression. In this study, the reverse scoring of the items, including the item “I am hopeful about the future” and the item “I am happy,” was reversed in the LPA.



2.2.2 Identification of spouse caregivers

Within the comprehensive CHARLS dataset, a specific question was included to determine whether the participant’s spouse provided assistance with various activities of daily living. These activities encompassed tasks such as: dressing, bathing, eating, getting in and out of bed, using the toilet, and performing household chores. If a participant indicated that their spouse served as the primary caregiver, their spouse was identified as the spousal caregiver for the purposes of this study.



2.2.3 Covariates

This study also explored the effects of gender, family location, frequency of communication with children, financial support from children, social activities, chronic diseases, smoking, alcohol consumption, life satisfaction, and self-rated health status on older spouse caregivers. Covariate data included (1) family location (urban/rural); (2) financial support from children (yes/no); (3) social activities (yes/no). (4) chronic diseases, including 12 chronic diseases such as hypertension, cataracts, bronchitis/emphysema/asthma or pneumonia (with any of them/without); (5) smoking (yes/no); (6) alcohol (yes/no); (7) whether they are still working now (Yes/No); (8) whether they are retired (Yes/No); (9) self-assessed health status (Very good/Good/Fair/Poor/Very poor); (10) life satisfaction (Not at all satisfied/Not very satisfied/Somewhat satisfied/Very satisfied/Completely satisfied); (11) Gender (Male/Female); (11) Educational attainment (defined using ISCED-97 1. Less than lower secondary education, 2. Upper secondary & vocational training, 3. Tertiary education.).




2.3 Statistical analysis

This study mainly used latent profile analysis for data analysis. Unlike variable-centered approaches, LPA aims to identify distinct patterns of multiple variables that occur consistently across individuals rather than focusing solely on individual variables or their interactions (35). By doing so, LPA classifies individuals within heterogeneous populations into smaller, more homogeneous subgroups (36), revealing hidden information that these subgroups bring to light (37). First, a well-fitting latent profile model was explored using the 10-item self-assessment results of the CES-D as an index of exogenous response; again, multinomial logistic regression was used to analyze the factors associated with depression. The above analyses were completed by Mplus 8.2with SPSS 25.0 software. The main evaluation indexes of the latent variable model were AIC, BIC, aBIC, Entropy, LMR, and BLRT. Among them, the smaller the values of AIC, BIC, and aBIC, the better the model fit, Entropy is an index to evaluate the accuracy of category classification, which takes the value of 0 ~ 1. Entropy≥0.8 indicates that the classification accuracy exceeds 90%. lMR and BLRT are used to compare the fit difference between k-1 and k-category models, and the p-value of both reaches a significant level indicating that the k-category model is better than the k-1 category model (38–40).




3 Results


3.1 Sample characteristics

In the present study, we included 2,224 participants for the survey. Of these, 52.5% were female and their mean age was 68.53 years (SD = 5.928). 74.6% of the survey participants lived in rural areas, 93.9% had primary education, 5.5% had secondary education, while only 0.6% had higher education. It is noteworthy that the majority of older people (63.8%) do not participate in exercise and only 3.6% consider themselves in very good health. However, it is encouraging that 30.3% of individuals exhibit a high level of life satisfaction. In addition, our survey revealed other interesting findings. Of these, 1958 participants (88.0%) reported having received financial support from their children, and 806 (36.2%) participated in social activities with others. Also, 2081 (93.6%) had been diagnosed with a chronic disease, 552 (24.8%) had smoked, and 1,018 (45.8%) had consumed alcohol. Detailed data are presented in Table 1.



TABLE 1 General characteristics of older adults spouse caregivers.
[image: Table showing demographic and lifestyle variables for a sample of 2,224 individuals. Variables include age, gender, education, self-reported health, drinking, smoking, economic support from children, social activities, employment and retirement status, life satisfaction, chronic diseases, and residence location, with corresponding counts and percentages for each category.]



3.2 Identification of older adults spouse caregivers subgroups

Table 2 presents the data for the six fitted models. As the number of categories increases, the AIC, BIC, and aBIC values gradually decrease, while the entropy values all exceed 0.8. Among these models, the four-category model presents the highest entropy value. This indicates that the four-category model may be the most appropriate choice. However, it should be noted that there are certain profiles with a low percentage of less than 0.1 in the four-category and five-category models. In addition, depending on the actual situation, increasing the number of categories may lead to the dispersion of valid information, which may affect the accuracy of the results. As a result, the three-category model was selected as the ultimate fitted model. Table 3 displays the average probability of each subgroup belonging to their respective profiles, ranging from 93.7 to 99.6%. These values indicate the reasonableness of the three potential profile models.



TABLE 2 Indicators for each latent profile of depression in older adults spouse caregivers.
[image: Table showing statistical metrics for six profiles, including AIC, BIC, adjusted BIC (aBIC), entropy, LMR (P), BLRT (P), and proportion. Profile 5 has the lowest AIC, BIC, and aBIC values. Entropy is highest for Profile 4 at 0.939. LMR (P) is 0.937 for Profile 6. BLRT (P) equals 1 for Profile 6. Proportion values vary across profiles.]



TABLE 3 Attribution probabilities for each latent profile of subjects.
[image: Table showing class probabilities across three profiles. For Profile 1: 0.961 in Profile1, 0.001 in Profile2, 0.038 in Profile3. For Profile 2: 0.004 in Profile1, 0.996 in Profile2, 0.000 in Profile3. For Profile 3: 0.063 in Profile1, 0.000 in Profile2, 0.937 in Profile3.]



3.3 Naming of latent profile

Based on the results of the latent profile analysis, we show in Figure 1, the scores of the 3 categories on the 10 entries of the CESD. To enhance clarity, we have arranged the items based on their respective dimensions. The first four entries represent Depressed Affect, the fifth and sixth entries represent Positive Affect, and the seventh to tenth entries represent Somatic Retardation. By looking at the chart, it is clear that the first category scores significantly lower than the second and third categories on each item and that the scores fluctuate less. Based on the characteristics of the scores, we named this profile as “Low Level Depression.” In contrast, the second category scores were significantly higher than the first and third categories, and the scores fluctuated less. Based on its score characteristics, we rated this profile as “high level depression.” As for the third category, its score was not significantly different from the second category, but fluctuated more in the Depressed Affect dimension. Based on the characteristics of its score, we named this profile as “Unstable Affective Depression.”

[image: Line graph showing mean symptom scores for three profiles across ten symptoms, ranging from 1 to 4. Profile 1 generally scores lower, while Profiles 2 and 3 fluctuate but remain higher, especially for "Bother," "Was happy," and "Sleep was restless."]

FIGURE 1
 Latent profile model of depression.




3.4 Inter-profile characteristic differences

Table 4 compares the differences in demographic characteristics across the categories. When comparing all variables in the three categories, p-values were less than 0.05 for all variables except for the variables of financial support from children, currently working or not, retired or not, and chronic illness. In all three categories, those who were mostly: female, lived in rural areas, had primary education, did not smoke, did not drink alcohol, and did not participate in social activities were classified as high level depressed, accounting for a total of 20.0%. Notably, those older adults with good health and high life satisfaction were more likely to be in the low level depression type, while those in the high level depression type not only had poorer health and life satisfaction, but also had the lowest frequency of socially engaged activities and interactions with their children.



TABLE 4 Inter-profile characteristic differences.
[image: Table showing variables related to different levels of depression: low, high, and unstable-affective. It includes age, gender, education, health self-report, habits like smoking and drinking, contact with children, economic and social support, employment status, retirement, life satisfaction, chronic diseases, and residence. The p-values and chi-square or F values are provided for each variable, indicating statistical significance.]



3.5 Multinomial logistic of demographic variables for three latent profile regression results

A multinomial logistic regression analysis was conducted with gender, family location, frequency of meeting with children, financial support from children, social activities, chronic diseases, smoking, alcohol consumption, and life satisfaction as independent variables and potential categories of depression in older adults as dependent variables, and the results are shown in Table 5.



TABLE 5 Multinomial logistic regression of depression profiles.
[image: Statistical table comparing variables across three depression levels: low vs. high-level, low vs. unstable affective, and unstable affective vs. high-level depression. It includes odds ratios with confidence intervals and p-values for factors like age, gender, education, health status, lifestyle choices, social activities, employment, life satisfaction, and residence.]

As shown in Table 5, when comparing low and high levels of depression, gender (OR = 0.444, p = 0.000), primary education (OR = 28323903.59, p = 0.000), self-assessed health (OR = 0.127, p = 0.000; OR = 0.226, p = 0.000; OR = 0.487, p = 0.000; OR = 0.651, p = 0.013), participation in social activities (OR = 1.289, p = 0.046), complete or poor life satisfaction (OR = 18.268, p = 0.000; OR = 3.447, p = 0.000), and place of residence (OR = 0.667, p = 0.008) were the influential high level depressive type factors; when comparing low level depression and unstable affective depression, gender (OR = 0.684, p = 0.005), primary education (OR = 46154446.9, p = 0.000), self-assessed health (OR = 0.125, p = 0.000; OR = 0.184, p = 0.000; OR = 0.335, p = 0.000; OR = 0.556, p = 0.000), complete or poor or fair life satisfaction (OR = 14.185, p = 0.000; OR = 2.676, p = 0.002; OR = 1.774, p = 0.039) were the influencing factors of unstable affective depressive type. Gender (OR = 0.649, p = 0.010), average self-assessed health (OR = 1.454, p = 0.043), weekly communication with children (OR = 1.529, p = 0.026), and participation in social activities (OR = 1.341, p = 0.030) were influential factors for high level depressive type when unstable affective depressive type was used as a reference.




4 Discussion

The purpose of this study was to delineate depressive subgroups of older adults spouse caregivers and to explore the factors influencing depression. We rationalized the selection of three profiles and named them as low-level depressive, high-level depressive, and unstable affective depressive.

The results of the study showed that about 50.6% of the older adult’s spouse caregivers were classified as low-level depressive type. Their lower mean scores on the scale items indicate relatively low levels of overall depression, with higher scores observed only on specific items. For example, “My sleep was restless.” and “I felt hopeful about the future.” the former may be because older adults’ sleep decreases with age (41), while the latter may be because older spouse caregivers often suffer from emotional fatigue, they need to focus on caring for their spouse at the expense of their own health (42), and they shoulder more responsibilities and thus feel hopeless about the future. However, despite the fact that this subgroup of older adults exhibits a low level of depressive type, we should not ignore their needs. They still need to receive interventions in specific areas in order to avoid the transition to high levels of depression. In univariate analyses, we found that older adults in this subgroup performed best in terms of self-assessed health status, life satisfaction, and frequency of social participation, which explains the reason for our groups of them.

20.4% of older spouse caregivers were classified as high level depressed, with essentially the highest mean scores on each of the three profiles. In this subgroup, the item “I feel scared” had the highest score, which means that this group of older spouse caregivers not only had higher levels of depression overall, but also had the most prominent feeling of fear. In addition, this group had lower life satisfaction, higher rates of illness, and the lowest frequency of social participation and communication with their children. As caregivers, they worry not only about their own health, but also about their inability to care for their spouses. For this group of older adults, health education and targeted interventions to alleviate their depression are critical. These interventions can focus on their physical health as well as provide support and guidance to help them effectively care for their spouse.

29.4% of the older spouses were classified as unstable depressed. The most significant characteristic of this group of older spouse caregivers is the instability of depressed mood, and they fluctuate more in the expression dimension of depressed mood. The item “I felt depressed.” had the highest score, while the item “I felt fearful” had the lowest score. According to Figure 1, the depression level of this category of older adult’s caregivers is similar to that of the high level depressed type, but their mood swings significantly exceed those of the high level depressed type. Although this group of older adults had lower levels of education and poorer self-rated health, they had the highest percentage of communication with their children. Therefore, this result is likely to be related to the effective support they receive from their children. It has also been confirmed that frequent communication with children can be effective in alleviating depression levels in older adults (43, 44).

Our study found that gender, education level, self-health assessment, communication with children, social participation, life satisfaction, and residence were influential factors of depression in older adults spouse caregivers. Specifically, education level, life satisfaction were significant when low level depression type was compared with high level depression type and unstable affective depression type. All samples or different age groups, education was significantly positively associated with depression (45). Satisfaction with life reduced the occurrence of depression to some extent (46). Life satisfaction reflects older adults’ overall contentment with various aspects of their lives, and when they experience dissatisfaction or face difficulties, they may be more prone to depressive moods. Place of residence situation is meaningful when low level depression type is compared with high level depression type. Urban older adults have a lower prevalence of depression than rural older adult (46). This may be related to the mental health protective effects of urbanization, where urban environments provide better infrastructure, resources, opportunities, and improved social support and benefits (47, 48). Both are meaningful when unstable affective depressive social activity participation and weekly interaction with children are compared with high levels of depressive social activity participation and weekly frequency of interaction with children. Social activity is a significant influence on depressive symptoms in older adults (43), and older adults who are less socially active are more likely to experience depressive symptoms (46). Older adults who maintain weekly contact with their children are less likely to have depression (44). Both participation in activities, interaction with others during activities, and emotional comfort from children can provide older adults with a sense of presence and satisfaction, thus reducing the level of depression in older age groups. In Chinese culture, people often express their love and longing for their children implicitly, especially among the older adults, who often worry about adding burdens to their children (49). Therefore, the state can help alleviate depression in older spousal caregivers by encouraging communication between children and parents, promoting social engagement among older adults, and preventing the transition from unstable affective depression to severe depression.

Studies have demonstrated that self-rated health is a significant factor that influences depression in older adults (50). These caregivers may be more concerned about their health status because of differences in their lifestyles from other older adults. They may be more concerned about their own health and fear that no one will care for them, and more so, that they will not be able to care for their spouse. Furthermore, individuals with more favorable self-reports of their health status tend to have a confident outlook on life and are less likely to experience depression (31). More interestingly, depression is also a predictor of self-assessment of health (51). This is understandable, as higher self-assessed health is associated with more positive mood. Moreover, when individuals have higher self-reports of their health status, it indicates that they are confident in their health and more likely to adopt a positive attitude toward life (43), and thus less likely to be depressed.

Gender is also an influencing factor for depression in older adults (46). Compared to men, women are more likely to fall into depressive moods. This phenomenon may stem from the fact that women themselves often have to take on more domestic tasks, and when they also have the responsibility of caring for their spouses, the load increases, which triggers more severe depressive situations. In addition, many of the other women live more dependent on men, have less social contact, and are less involved in activities, which may also contribute to differences in depressive conditions between men and women (46, 52). Participation in social activities has a positive effect on the mental health of older adults. However, reduced social activities due to long-term caregiving roles may also contribute to increased levels of depression. Therefore, we should pay more attention to the depressive status of older women, provide them with more help, care and social support, and encourage them to participate more in social activities and maintain communication with their children.


4.1 Limitations

This study has several limitations that should be considered. Firstly, the CES-D-10 instrument used is a screening tool that is not definitive in identifying depression in older spouse caregivers. Secondly, the data was gathered through self-reporting, which may be vulnerable to some degree of bias. Lastly, the study utilized a cross-sectional design that did not permit the establishment of causal relationships between the findings.




5 Conclusion

Our study grouped depression in older spouse caregivers into three subgroups, each presenting different characteristics. Such a division provided us with a deeper understanding of depression among older adults spouse caregivers. To our knowledge, this is the first study to apply LPA to analyze depression in older adults spouse caregivers in China. Our findings suggest that depression among older spouse caregivers is influenced by several factors, including: gender, education, self-assessment of health, communication with children, social participation, life satisfaction, and place of residence. By comparing subgroups, we can identify populations disproportionately affected by depression and develop targeted interventions accordingly. Moving forward, implementing tailored support programs based on the distinct depression profiles of older spousal caregivers through primary healthcare systems will be critical. Given that older adults already face elevated depression risks, spousal caregivers constitute a particularly vulnerable subgroup due to their dual roles of advanced age and intensive caregiving responsibilities. This confluence of factors creates an urgent need for specialized psychological interventions. Healthcare strategies should simultaneously address both the manifest psychological distress and its root causes, while policymakers must establish integrated support systems to foster healthy aging trajectories for this population.
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Introduction: In the context of global aging, it is crucial to understand the heterogeneity, changing trends, and influencing factors of social isolation in older people.
Methods: 7198 older people over 60 in China Longitudinal Aging Social Survey in 2016 and 2018 were analyzed, using Latent Profile Analysis, Latent Transition Analysis, and multiple logistic regression analysis.
Results: The study identified five categories of social isolation among older people; the rural, widowed, with low daily living activity ability, and with low cognitive ability were more likely to belong to the social isolation category; the stability of various profiles of social isolation was strong, but the high-level social network category had the danger of changing to the medium-level social network category and the social isolation risk category; over time, those with high daily living activity ability moved into worse social isolation categories, while those with high cognitive ability moved into better categories.
Discussion: The social isolation status of the older adult had group heterogeneity and transitioned over time. The findings provide empirical evidence for taking targeted measures based on the influencing factors in older people to achieve successful aging.
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1 Introduction

1/6 people in the world will be over 60 years old by 2030 according to the World Health Organization (1). From 2020 to 2030, the number of people over 60 will increase to 1.4 billion from 1 billion. China also faces the major challenge of aging, because China has the largest older adult population in the world (2, 3). Factors such as declining fertility rates, longer lifespans, and the aging of the baby boom generation have led to an aging society (4, 5), while unprepared infrastructure such as inadequate medical facilities, poor transportation, and inadequate housing have exacerbated the challenges posed by aging (6). Although everyone is going to die, successful aging is important for alleviating the social and economic pressures of an aging population (7). Social relationships are important for both physical health (8, 9) and mental health (10, 11). They are the key factors affecting successful aging (12). Social isolation, an objective and quantifiable reflection of poor social relationships, means the reduction in social networks and lacking social connections, such as living alone, having few friends or family, and limited contact with people (13). It affects physical function, cognitive function, and mental health in older adults (14) and is associated with increased mortality (15). A study on the aged population in urban and rural China, which included 220,506 participants, found a prevalence of 36.6% of loneliness among older Chinese individuals (16). Therefore, it is important to pay attention to the change in the social isolation status of older people and then adopt targeted prevention and intervention measures to improve the quality of life and promote the successful aging of older people (17).


1.1 Heterogeneity and transition trajectory of social isolation

Magnusson and Mahoney (18) emphasize the Holistic-interaction Perspective and think that the existence of individual differences does not mean that development is disordered, and individuals with differences will partly move in different directions in the following development. Over time, more stable “types” will eventually emerge, that is, in the multi-dimensional space of psychological and behavioral development. Individuals who are brought together by a similar combination of psychological and behavioral characteristics show clearer homogeneity within the individual categories and clearer differentiation between the individual categories. Some studies have found that many interventions designed to solve the problem of social isolation in older people are not effective; an important reason is the heterogeneity of the older people with social isolation (19). Fortunately, the categorization of social isolation in the older adults has received increasing attention in Western nations. Previously, most studies classified social isolation status based on the total scores or dimension- specific scores from standardized scales, overlooking individual item responses and failing to dig into the data (20).

According to the developmental situation theory, individual development has plasticity, and individuals are affected by situational events constantly and keep continuous development and change (21). The social relationship network of older people may change with time. These observations suggest that older adults who previously belonged to one subgroup of social networks may shift to another subgroup because of changes in certain indicators. Studies have found that older people in different social relationship networks or loneliness subgroups have different transformation or stability patterns within a certain time (22, 23).

Moreover, factors such as internet penetration rate (24), social and cultural background (e.g., collectivism vs. individualism) (25), and other regional influences contribute to differences in social isolation status among older people across countries and regions (26, 27). However, research on these dynamics in China is lacking. The Chinese senior population is a unique situation that needs more research because of its particular cultural and social environment, quickly shifting demography, and rapid use of technology. Furthermore, even though many studies have explored the effects of social isolation of the older adults on depression, mortality, physical health status, and other factors (8, 28, 29), in-depth studies on the heterogeneity of social isolation of the older adults are rare, especially the large sample longitudinal tracking literature on the heterogeneity of social isolation of the older adults in China. Critical questions remain unanswered, including whether the patterns of social isolation among Chinese seniors are stable, whether they follow a unique development trajectory, and what factors affect these trajectories.



1.2 Influencing factors of heterogeneity and transition trajectory of social isolation

Results from cross-sectional data show that social isolation has significant differences in demographic variables (30, 31). Both males and females are strongly influenced by structural systems with different opportunities, demands, and constraints, which shape different social relationships (32). However, the effects of gender on social isolation are inconsistent (32–34); socioeconomic status (SES) determines the opportunities and ability of older persons to maintain and utilize non-family relationships (35). The influence of residence and spouse status on social isolation is more consistent: rural older people and older people without spouses are more at risk of social isolation (23, 36, 37). Recently, Sung et al. (23) explored the factors related to the change in social network types of older people and found that older, less educated, and worsening functional and mental health older people were more likely to transition into less diverse types compared with remaining in the same type. In addition, cognitive ability, and daily living activity ability in older people are closely related to social isolation (12, 38), but their influence on the transition trend of social isolation status is still lacking.



1.3 This study

To explore the categories of social isolation among the Chinese older adults and the transition trends between these categories over time, we adopted person-centered approaches utilizing Latent Profile Analysis (LPA) and Latent Transition Analysis (LTA). In recent years, person-centered research methodologies have gained prominence by identifying similar individuals with similar feature patterns to capture diverse behavioral patterns. The aim is to trace group heterogeneity and elucidate the association between explicit variables through independent latent variables categorized by type, thereby revealing differences among individuals or developmental stages (39). Compared to traditional mean segmentation or cluster analysis, LPA offers greater accuracy, objectivity, and well-fitted models (40). LTA has advantages in capturing dynamic changes, estimating transition probabilities, flexible modeling, and supporting evaluation of intervention effects, and so on (41, 42). Given these benefits, LPA and LTA are well-suited for testing our research hypotheses.

Based on Holistic interaction Perspective, developmental situation theory and previous studies, this study proposed the following research hypotheses:


H1: There are different latent profiles of social isolation among the older adults.
H2: Individuals in the social isolation categories of the older adults will transition to other categories over time.
H3: The categories of social isolation of the older adults and the transition among categories are affected by various factors.






2 Methods


2.1 Study sample

The data of this study was secondary data from the China Longitudinal Aging Social Survey (CLASS), which adopted a stratified and multi-stage probability sampling method. County-level regions (including counties, county-level cities, and districts) were selected as the primary sampling units, and then village/neighborhood committees were selected as the secondary sampling units. The respondents were Chinese citizens over the age of 60 from these units. The project covers 476 villages/neighborhood committees in 30 provinces/autonomous regions/municipalities across China. The survey began in 2011, followed by the first nationwide baseline survey in 2014 and two follow-up surveys in 2016 and 2018. This study selected the data from the survey in 2016 and 2018 for several reasons: first, the data in 2016 and 2018 were more contemporary than the data in 2014; second, Latent Transition Analysis (LTA) could be completed by using two waves of data; third, after matching the three waves of data, only 3,852 cases could be retained, resulting in data loss; fourth, the follow-up survey in 2016 and 2018 had further adjusted and enriched the questionnaire content on the basis of 2014, which meant that the survey content in 2016 and 2018 was more stable and consistent. A total of 11,471 data were collected in 2016, and 11,419 data were collected in 2018. Each participant was given a unique ID, which was used to match data from 2016 and 2018. We removed cases in which participants only participated in 2016 or 2018: 1,830 cases in 2016 and 1,778 cases in 2018. Also, 2,443 cases were excluded due to too many missing values on key variables, regular responses, or logical errors. Finally, the data of 7,198 older people over 60 years old was kept. Descriptive statistics for the sample are presented in Table 1.



TABLE 1 Descriptive statistics at T1 (2016).
[image: Table showing demographic variables with categories and statistics. Gender: Male (3,807, 52.89%), Female (3,391, 47.11%). Household registration: Rural (3,786, 52.60%), Urban (3,412, 47.40%). Marital status: Widowed (1,263, 17.55%), Non-widowed (5,935, 82.45%). Averages with standard deviations: Age (68.90, 6.86), Daily living activity ability (2.94, 0.16), Cognitive ability (13.69, 2.81).]



2.2 Measures


2.2.1 Social isolation

The simplified Lubben Social Network Scale (LSNS-6) revised by Chang et al. was utilized (43–45). There were six items on the scale, divided into two dimensions: family network (3 questions) and friend network (3 questions) and were scored for six points (0 = none, 1 = 1, 2 = 2 and more, 3 = 3–4, 4 = 5–8, 5 = 9 and more). The scale has been widely used with good reliability and validity (46, 47). In CLASS, the Cronbach’s α coefficient of this scale in 2016 and 2018 were 0.871 and 0.870, respectively.



2.2.2 Daily living activity ability

The scale developed by Lawton et al. (48) was utilized, including two subscales of basic life activity ability and instrumental daily activity ability. The basic activities included dressing, bathing, eating, taking medicine, incontinence, going to the toilet, and walking indoors; instrumental daily activities included making phone calls, taking medicine, taking transportation, shopping, cooking, and doing housework. The scale was scored on three points (1 = needn’t help from others, 2 = need some help, 3 = no ability at all). All items were scored in reverse. Cronbach’s α coefficient of this scale in 2016 and 2018 in CLASS was 0.889 and 0.918, respectively.



2.2.3 Cognitive ability

Referring to the Minimum Mental State Examination, MMSE (49), 16 items of the scale were divided into 4 dimensions: orientation (five questions), memory ability (3 questions), attention and calculation ability (five questions), and recall ability (3 questions). Wrong answers were worth 0 points, and correct answers were worth 1 point. The total score was 0–16 points. The scale was widely used in testing global cognitive function in research settings and clinical screening (50). Cronbach’s α coefficient of this scale in 2016 and 2018 in CLASS was 0.822 and 0.817, respectively.




2.3 Data processing

SPSS 26.0 was used for data entry and descriptive statistical analysis of sociodemographic characteristics, including the mean, standard deviation, and percentages. Mplus 7 was used for latent profile analysis (LPA), latent transition analysis (LTA), and multiple logistic regression analysis. We used LPA to classify social isolation at two time points, evaluating fit using AIC, BIC, sample size-adjusted BIC (aBIC), Entropy index, likelihood ratio test index LMR-LRT (p-value), and Bootstrap-based likelihood ratio test BLRT (p-value) index. The smaller the three information evaluation indicators (AIC, BIC, and aBIC), the better the model fit. The value range of the Entropy index was 0 to 1, and the closer it was to 1, the more accurate the classification was. When the Entropy index was less than 0.60, it meant that more than 20% of individuals had a classification error. When the Entropy index reached 0.8, it indicated that the classification accuracy exceeded 90% (51). When the p-values of LMR-LRT and BLRT reached a significant level, it indicated that the model with k categories was significantly better than that with k-1 categories (52, 53).

LTA was used to calculate the probability of change for different latent profiles over time. Based on LPA, LTA without covariates was used to investigate the changing relationship between various social insolation categories at two time points. The classification results of the two-time points obtained by the LTA were not the same as the classification results of the LPA exactly at two-time points. In the LPA, the classification criteria of the two-time points were determined separately to make the fitting function of the respective model reach the minimum value. However, the category means, and variance of each dimension must be set equal across time points in LTA, so that the classes of the two-time points are comparable (53). To ensure that the five groups at the two-time points maintain the original LPA classification characteristics when running LTA, we took the LPA analysis results as the parameter setting values for LTA.

Multiple logistic regression analysis was used to explore the impact of demographic variables, daily living activity ability, and cognitive ability on the grouping of social isolation of older people. The results were dominated by the value of OR (Odd Ratio), which referred to the probability of cases belonging to the other group compared with the reference group when two groups were compared under the influence of covariates (20).

The cases that remained in the original category from T1 to T2 were taken as the reference category. The OR referred to the change ratio between the probability of the cases changing to other categories and the probability of staying in the same category now. If the OR was greater than 1, it meant that under the influence of covariates, the probability of the transition increased, and vice versa, it decreased (54, 55). We included all relevant demographic characteristics as covariates in the same model to simultaneously adjust for potential confounding effects of demographic variables.




3 Results


3.1 Latent profiles of social isolation of the older people

We independently performed exploratory cross-sectional LPA with 1 to 6 profile solutions for two time points. At T1 and T2, the fit indices AIC, BIC, and aBIC for the classification of social isolation of the older people were monotonically decreasing, and the values of Entropy were all greater than 0.8. LMR-LRT and BLRT were also significant. According to these indicators synthetically, social isolation was best divided into five categories. First, Entropy was the largest value when divided into five categories. Secondly, although AIC, BIC, and aBIC have been monotonically decreasing, their speed slowed down significantly in the five categories of models. Finally, when the older people were divided into five categories, the category of friend isolation features appeared. It conformed to the classification of social isolation experience because friend isolation was a particularly important subtype of social isolation for older people (36, 56).

We named the five categories according to their characteristics in the item scores of social isolations. As shown in Figures 1, 2, the horizontal axis represented the 6 items of the Social Network Scale, and the vertical axis represented the scores on 6 items. There were four lines with roughly the same trend of balanced scores in all items from bottom to top and a special line with unbalanced scores. The first one was the bottom line, which represented the first category. In this line, the score of each item was less than 1 point, indicating that older people in this category have almost no family or friends to interact with in contacting, talking about personal affairs, or seeking help. So, we named it the social isolation category (SIC, 6.56 and 9.45% at two time points). The second line from the bottom up represented the second category. The score of each item was around 2 points, indicating that older people in this category have only about 2 family members or friends to interact with. We named it the social isolation risk category (SIRC, 30.45 and 33.57% at two time points). The scores of the third and fifth categories, represented by the top two lines, fluctuated around 3 and 4 points respectively, indicating that they have 3–4 or 5–8 family members or friends to interact with. We named them the medium-level social network category (MSNC, 49.18 and 45.32% at two time points) and the high-level social network category (HSNC, 8.91 and 7.10% at two time points), respectively. The fourth category was special; the average scores of items 1, 2, and 3 were close to 3 points, while the average scores of items 4, 5, and 6 were less than 1 point, indicating that older people in this category can interact with more family members in contacting, talking about personal matters, or seeking help, and almost no friends to interact with. We named it the friend-type social isolation category (FSIC, 4.90 and 4.57% at two time points; Table 2).

[image: Line graph showing social isolation categories over six intervals (i1 to i6). Five categories are depicted: social isolation risk (30.45%), medium-level (49.18%), friend-type social isolation (4.90%), high-level social network (8.91%), and social isolation (6.56%). Most categories remain relatively stable, except for a spike in friend-type social isolation at i3, which then decreases sharply.]

FIGURE 1
 LPA results at T1 (2016). i1-i3 were the three items of the family network dimension of the social network scale, and i4-i6 are the three items of the friend network dimension of the social network scale. The percentage represents the proportion of different categories of older adult in all participants.


[image: Line chart showing six indicators (i1 to i6) with five social network categories. Social isolation and social isolation risk exhibit a slight decline. Medium-level social network is stable. Friend-type social isolation drops significantly at i4. High-level social network slightly decreases.]

FIGURE 2
 LPA results at T2 (2018). i1-i3 were the three items of the family network dimension of the social network scale, and i4-i6 are the three items of the friend network dimension of the social network scale. The percentage represents the proportion of different categories of older adult in all participants.




TABLE 2 Fitting indicators of LPA models of different potential categories at T1 and T2.
[image: Table comparing latent profiles from 2016 (T1) and 2018 (T2) with statistics: AIC, BIC, aBIC, Entropy, LMR-LRT(p), and BLRT(p). Values are provided for profiles one through six. Key trends include decreasing AIC, BIC, and aBIC values with more profiles, and Entropy values indicating model fit quality. Statistical significance is shown with p-values under 0.001 for LMR-LRT and BLRT tests.]



3.2 Transitions of latent profiles of social isolation of older people

Without adding any covariates, the latent transition model was used to analyze the changes of five social isolation profiles from T1 to T2. The results are shown in Table 3. The diagonal of the transition matrix represents the probability that the subject will remain in the original potential state at two time points. The Entropy value of the model was 0.866, which demonstrated that the classification accuracy was good (57). The first 4 categories had high probability of keeping in the original groups from 2016 to 2018: 58.8, 68.8, 61.7, and 63.1%, respectively. The probability of keeping in HSNC was lower, 34.7%. As time passes, the older people of HSNC may translate into MSNC and SIRC, with 39.7 and 22.3% probability, respectively. The older people in FSIC may translate into MSNC with a 22.7% probability. The older people in MSNC may translate into SIRC with a 24.1% probability. The older people in SIRC may translate into MSNC with a 21.8% probability. The older people in SIC may translate into SIRC and MSNC with 15.3 and 19.2% probability, respectively.



TABLE 3 Latent transition probabilities from T1 (2016) to T2 (2018) based on the estimated latent transition model.
[image: Transition matrix showing probabilities of five categories from T1 (2016) to T2 (2018). Categories include SIC, SIRC, MSNC, FSIC, and HSNC. Bold values indicate probabilities of remaining in the same category: SIC (0.588), SIRC (0.687), MSNC (0.617), FSIC (0.631), HSNC (0.347).]



3.3 Influencing factors of social isolation of older people


3.3.1 The effect of demographic variables on the grouping of social isolation

To explore the effects of gender, marital status, and household registration location on social isolation grouping of the older adults, multiple logistic regression analysis was carried out with SIC as the reference group, and the change ratio of the probability (Odds Ratio, OR) of the older adults belonging to other groups under the influence of covariates was obtained. In this study, gender (0 = male, 1 = female), household registration location (0 = rural, 1 = urban), and marital status (0 = widowed, 1 = non-widowed) were all classified variables. Male, agricultural household registration, and widowed older people were taken as reference groups, respectively, and which group female, urban household registration, and non-widowed older people were more likely to belong to was analyzed.

The results at T1 were shown in Table 4. Compared with males, females were more likely to be in SIRC than in SIC (OR = 1.292). Compared with the rural older people, the probabilities of the urban older people in SIRC (OR = 1.654) and in MSNC (OR = 1.339) were higher than that in SIC. Compared with widowed older people, non-widowed older people were more likely to be in SIC (OR = 0.576) than in FSIC.



TABLE 4 Odd ratios of latent state probabilities at T1 (2016) under the influence of covariates.
[image: Table comparing social network categories (SIRC, MSNC, FSIC, HSNC) to SIC with regression coefficients (β) and odds ratios (OR) for variables: gender, household registration, marital status, daily living activity ability, and cognitive ability. Significant values are bolded, with varying statistical significance: *p < 0.05, **p < 0.01, ***p < 0.001.]

The results at T2 were shown in Table 5. There was no significant difference in grouping possibilities between males and females. Compared with the rural older people, the probabilities of the urban older people in SIRC (OR = 1.448), MSNC (OR = 1.716), and HSNC (OR = 1.464) were higher than that in SIC. Compared with widowed older people, non-widowed older people were more likely to be in HSNC than in SIC (OR = 1.443).



TABLE 5 Odd ratios of latent state probabilities at T2 (2018) under the influence of covariates.
[image: Table comparing social isolation categories (SIRC, MSNC, FSIC, HSNC) against SIC using standardized regression coefficients (β) and Odds Ratios (OR). Significant values are bold. Gender, household registration, marital status, daily living activity, and cognitive ability variables are assessed, with household registration and daily living activity showing notable significance across various comparisons.]



3.3.2 The effect of daily living activity ability and cognitive ability on the grouping of social isolation

We adopted multiple logistic regression analysis to explore the influence of aging factors on social isolation grouping, including daily living activity ability and cognitive ability.

The results on T1 were shown in Table 4. Older people with high daily living activity ability were more likely to be in SIRC (OR = 1.171), MSNC (OR = 1.250), and HSNC (OR = 1.127), and were less likely to be in FSIC (OR = 0.913), compared with in SIC.

Compared with belonging to SIC, older people with high cognitive ability were more likely to belong to SIRC (OR = 1.219), MSNC (OR = 1.204), and HSNC (OR = 1.158).

The results at T2 were shown in Table 5. Compared with belonging to SIC, the older people with high daily living activity ability were more likely to belong to SIRC (OR = 1.131), MSNC (OR = 1.153), FSIC (OR = 0.911), and HSNC (OR = 1.164).

Compared with belonging to SIC, the older people with high cognitive ability were more likely to belong to HSNC (OR = 1.210) and less likely to belong to FSIC (OR = 0.731).



3.3.3 The effect of daily living activity ability and cognitive ability on the latent transition of social isolation profiles

The results of multiple regression analysis showed that gender, residence registration, marital status, daily living ability and cognitive ability had different effects on the classification and transformation of social isolation in the older adults.

Based on exploring the influence of various factors on the classification of social isolation of the older adults, we further explored the influence of various factors on the transition of social isolation categories of the older adults. The analysis results of the transition trend were shown in Table 6. From T1 to T2, for the older people with high daily living activity ability: compared with staying in SIC, the older people were less likely to transfer to MSNC (OR = 0.899) and FSIC (OR = 0.824); compared with staying in SIRC, the older people were less likely to change to FSIC (OR = 0.846); compared with staying in MSNC, the older people were more likely to transfer to SIC (OR = 1.113); compared with staying in FSIC, the older people were more likely to change to SIC (OR = 1.213) and SIRC (OR = 1.182).



TABLE 6 Odd ratios of transition probabilities under the influence of covariates.
[image: Table showing influence factors on daily living activity and cognitive ability across different latent profiles: SIC, SIRC, MSNC, FSIC, and HSNC. Significant values are bolded and marked with asterisks denoting significance levels: *p < 0.05, **p < 0.01, ***p < 0.001. Definitions for the categories are at the table's bottom.]

From T1 to T2, for the older people with high cognitive ability: compared with staying in SIC, the older people were more likely to transfer to SIRC (OR = 1.176), the MSNC (OR = 1.402), and HSNC (OR = 1.317); compared with staying in SIRC, the older people were more likely to transfer to MSNC (OR = 1.192) and less likely to transfer to SIC (OR = 0.850); compared with staying in MSNC, the older people were less likely to change to SIC (OR = 0.713), SIRC (OR = 0.839), and FSIC (OR = 0.791); compared with staying in FSIC, the older people were more likely to transfer to MSNC (OR = 1.264); compared with staying in HSNC, the older people were less likely to change to SIC (OR = 0.759).





4 Discussion

In this study, latent profile analysis and latent transition analysis were used to analyze the latent categories of social isolation of older people and their change patterns over time. Logistic regression analysis was used to explore the effects of demographic variables, daily living ability, and cognitive ability on the classification of social isolation, as well as the effects of daily living ability and cognitive ability on the transformation of social isolation of the Chinese older people.


4.1 Heterogeneity of social isolation for older people

Our study results proved that there was great heterogeneity in the social isolation states among Chinese older people, which verified hypothesis 1. The medium-level social network category had the largest population, and the next was the social isolation risk category. The population of the social isolation category and the high-level social network category were slightly different at the two time points. There was a special category for older people—the friend-type social isolation category compared with some studies (58, 59). The difference may be attributed to the measurement tools used. Another study, comparing average scores, finds that older people are more isolated from friends than from family (56), supporting the validity of this classification to some extent. Their scores on the two dimensions of family network and friend network were significantly different. It indicated that family and friends had different effects on the social isolation of older people. China’s traditional culture attaches special importance to the family concept. The Confucian socio-ethical vision “Filial piety is the first” made family support still the main way for older people in China (60). A survey finds that 85.4% of older people are willing to select home-based old-age care (61). When older people are ill or incapacitated, they are more likely to seek help from family members and decrease participation in social activities, increasing the risk of friend isolation. So, the social aspect should build perfect social places to increase social chances for older people. The family aspect should encourage and support older people to engage in social activities with friends.



4.2 Transitions of latent categories of social isolation for older people

Developmental situation theory suggests that individual development and change are unique, influenced by historical time, life stages, and critical events (21). Although for SIC, SIRC and MSNC categories, the probabilities of remaining in the original categories were relatively large, there were still about 40% of the older adults will change to other categories. More than 60% of those in the HSNC category moved toward worse social isolation categories. These findings support hypothesis 2.

Although the social isolation status of the older adults changed between the two time points, the MSNC and SIRC categories were the largest at both time points. At the same time, the stability of remaining in the MSNC and SIRC categories over time was relatively high, except that the high-level social network category was more likely to change to the medium-level social network category and the social isolation risk category. It suggested that once social isolation in older people was formed, it was difficult to alleviate by itself, and there was a risk of deterioration. Therefore, it was crucial to carry out targeted identification and intervention in the early stage when older people enter different degrees of social isolation. Although the transition from social isolation to a high level of social network status was rare, we found that a small number of older people made a transition to a relatively good social network status. This illustrated the dynamic nature of social isolation and once again suggests that we must take targeted measures based on the heterogeneity of social isolation in older people (19). Previous studies have found patterns of growth or stability of social networks in older people (62, 63), which may be the focus of future work of community workers and family caregivers.



4.3 Influencing factors of latent profiles and latent transition of social isolation for older people

The results of multiple regression analysis showed that gender, household registration, marital status, daily living ability and cognitive ability had varying effects on the classification and transition of social isolation status in the older adults, which verified research hypothesis 3. Influences of the demographic variables on latent profiles of social isolation were slightly different, but the overall trend was similar at T1 and T2. There was almost no significant difference in the likelihood between male and female older people belonging to the social isolation category and other categories. The previous contradictory research results may be due to the sample size or geographical reasons. For example, a study in Nigeria finds that widowed women are more likely to experience loneliness in later life, which is associated with local polygamy (64). Compared with the rural older people and the widowed older people, the urban older people and the non-widowed older people, respectively, showed a lower possibility of belonging to the social isolation category. It meant that the rural older people and the widowed older people have a greater risk of social isolation (65, 66).

There was an overall trend: the older people with high daily living activity ability and cognitive ability were less likely to belong to the social isolation category at T1 and T2. Older people might withdraw from social life passively because of their deteriorating health (67). So, we should pay more attention to the rural, widowed, low daily living activity ability, and low cognitive ability older people and increase their social chances and social convenience.

Both the daily living activity ability and cognitive ability are important indicators of measuring the function of older people (68, 69). They are closely related to social isolation, too. We found that they affect the transition of social isolation in diverse ways. Compared with remaining in the original category, the older people with high daily living activity ability were more likely to change to the more serious social isolation category and less likely to move to the better social network category from T1 to T2. This seemed contrary to the previous conclusion that the greater the daily living activity ability, the less likely social isolation was. However, this shifting trend illustrates the likelihood of changes in the social isolation category over time, not the relationship between the two at a time point. Maybe the reason was that older people with high daily living activity ability were less likely to need active care and help, leading to the neglect of their social communication needs by family and friends. So, older people with high daily living activity ability had a greater possibility of changing into a more serious social isolation category as time went on. It indicated that we should also pay attention to changes in the social interaction status of older people with high daily living activity ability; otherwise, it would be possible to change to a more serious social isolation group.

The older people with high cognitive ability showed an overall trend toward better social network categories compared with remaining in the original category from T1 to T2. Older people with strong cognitive ability could fully understand and use social network relationships, maintain a good social network state, and even change to a better direction. This also suggested that people should pay special attention to the protection and strengthening of older people’s cognitive ability when taking care of older people, such as carrying out effective ability training. If the older adults were physically allowed, they should insist on exercise, undertake life affairs within their capacity, use their brains appropriately, and maintain good cognitive function.




5 Conclusion and limitations


5.1 Conclusion

Social isolation of older people in China could be divided into five latent profiles: social isolation category, social isolation risk category, medium-level social network category, friend-type social isolation category, and high-level social network category. Rural older people and widowed older people were more likely to belong to the social isolation category compared with urban older people and non-widowed older people. Older people with high daily living activity ability and cognitive ability were less likely to belong to the social isolation category. As time went on, the social isolation of older people had a strong stability, but older people in the high-level social network category had the risk of changing to the medium-level social network category and social isolation risk category. With the development of time, older people with high daily living activity ability were more likely to change to the more serious social isolation categories, and older people with strong cognitive ability were more likely to change to the better social isolation categories.



5.2 Limitations

First, only 2 waves of data separated by 2 years were used for the transition analysis of social isolation. Future studies need to explore the shifting patterns of social isolation with more wave data collection over a longer period to draw more stable and reliable conclusions. Second, the measurement indexes in this study were not rich enough: the number of family members or friends to contact, talk about personal matters, or seek help. Future studies may consider including the social networks between older people and community workers, work partners, community health care workers, etc., and consider the quality indicators of social networks. Third, the data we used was from CLASS, but it was gathered before the COVID-19 pandemic, and the pandemic changed people’s lifestyles and social networks. Therefore, further investigation of changes in the social isolation of older people during and after the pandemic will be necessary.
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Introduction: This paper examines the effects of intergenerational support on the mental health of older adults and elucidates the mechanisms underlying these effects.
Methods: Utilizing data from the 2020 China Health and Retirement Longitudinal Study (CHARLS), We examine the effects of different dimensions of intergenerational support on the positive and negative emotions of older adults based on the main effect model and the buffer model. Then we employ instrumental variable methods to address key endogeneity concerns. The indirect effect mechanism through which children’s economic support influences the mental health of the older adults was examined using a mediation model. In addition, robustness tests and heterogeneity analyses were conducted.
Results: The intergenerational support from children has a significant impact on the mental health of older adults. All three types of support contribute to the positive emotions of older adults. In terms of the impact on negative emotions, the regression coefficients for financial support and emotional support are significantly negative, while the direction of the effect of caregiving support is positive. Additionally, financial support promotes the mental health of the older adults by influencing their social participation. Heterogeneity analysis further indicates that the impact of intergenerational support varies across different subpopulations, with rural older adults particularly benefiting from emotional support.
Discussion: Our findings reveal that financial support from adult children enhances older adults’ mental health by improving positive emotions and reducing negative emotions, and emotional support from children has a similar effect. However, while caregiving by adult children significantly boosts positive emotions among older adults, long-term caregiving also engenders feelings of guilt, which in turn exacerbates negative emotions and diminishes overall mental health. Our study emphasizes the need to consider Filial Piety Culture, social care support and social participation in order to improve older adults’ mental health.
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1 Introduction

In the past decade, the age structure of China’s population has changed, and its population development is showing a declining birthrate and an aging population. According to the 2020 census, the proportion of people aged 65 and above in China reached 13.5%, an increase of 4.63 percentage points compared to the previous census. As population aging intensifies, there is growing concern about the health issues of the older adults, particularly their mental health. Depression among older adults has become a growing concern in China, with the prevalence of high-risk depression among older adults reaching 43.5% in 2018 (1). There are significant differences in mental health levels among different groups of older adults.

The “Law on the Protection of the Rights and Interests of the Older adults” in China stipulates that adult children have the obligation to support their parents, formally establishing the responsibility of adult children to care for their parents. The long-standing cultural tradition of filial piety and the concept of raising adult children for old age further influence family relationships on a non-institutional level. Thus, family-based care remains the primary mode of older people care in China, with intergenerational support from adult children serving as an important guarantee for the well-being of the older people in their later years. Scholars classify intergenerational support from adult children as informal care. Informal care can have positive mental health consequences due to emotional gains from taking social responsibilities and caring for loved ones, which is covered by the “expansion hypothesis” (2). Intra-family intergenerational support has become a significant factor affecting the mental health of the older adults, prompting many scholars to conduct empirical research on this topic. Some studies have found that informal caregiving from adult children has a significant impact on satisfaction (3–5) or on depression (6, 7), while others have demonstrated that informal care can be both a burden and a source of satisfaction simultaneously. In summary, there is a lack of consensus because intergenerational caregiving may have both positive and negative effects, as well as mutually reinforcing or offsetting impacts on the mental health of older persons through various channels of influence (8).

Exploring how intergenerational support affects the mental health of the older adults requires considering the support forms. Economic support, daily care, and emotional support are the basic dimensions of support that adult children provide to their parents, and the mechanisms of their impact on the recipients vary. The main effect model and buffer model are often used to explain the effects of intergenerational support on the mental health of the older adults. Adult children’s support for their older adult parents can improve life satisfaction or positive emotions and cushion the damage of stressful events to health (3, 4, 9–12). The effect of intergenerational support on mental health should be the comprehensive result of main effect and buffer effect. However, the existing research lacks in-depth discussion on the mechanism of action of the three types of support, making it difficult to untangle the effect of intergenerational caregiving. We add two key innovations to the existing literature: The first innovation is to describe mental health indicators from two dimensions, negative emotion and positive emotion, to enrich the hierarchy of mental health of the older adults.

The impact of social support on mental health can be indirect. Intergenerational financial support may indirectly improve physical health by improving social relationships and increasing opportunities for older adults to participate in social activities (13). Does this indirect effect have any effect on mental health? The role of economic support in promoting social participation have been discussed (13, 14), and so has the role of social participation in mental health (14, 15). This paper attempts to discuss the possible mediating mechanism between these two relationships. The second innovation is to explore how economic support affects the mental health of the older adults through enhancing social interaction.

The majority of extant literature was carried out in higher-income countries, with limited evidence from China. However, China provides a valuable test case of the impact of intergenerational caregiving on old careers’ mental health. Owing to the traditional concept of raising adult children for old age, older parents have practical expectations of support from their adult children (16). Yet, such a function of informal care has been gradually weakened by the simplified family structure and the work pressures of adult children. On the other hand, the economic and social transformation has also impacted the “culture of filial piety,” and parents’ expectations for their adult children’s old-age support and the “sense of shame” that brings burdens to their adult children may coexist. The third innovation lies in uncovering the dual mechanism at play. It highlights how filial satisfaction fosters positive emotions, while burden-related guilt triggers negative emotions. Given the significant differences in economic development levels and social policies between urban and rural areas in China, as well as the variations in support needs arising from different health conditions, gender, and income levels, we discuss the possible effect heterogeneity in the impact of intergenerational support on the mental health of older individuals. The analysis focuses on distinctions based on urban or rural status, health conditions, gender, and family income levels.



2 Literature review

As members of society, individuals establish various social relationships, and different stages of life are dominated by corresponding social relationships that influence their mental health (17). For the older adults, after retirement, external social relationships such as those with colleagues and friends gradually weaken, while internal family relationships, particularly those with adult children, begin to dominate. Adhering to the strong cultural tradition of filial piety, an essential part of Confucianism, caregiving for older parents is considered the adult children’s responsibility, obligation, and also a virtue (2). Intergenerational support from adult children has a significant direct impact on the mental health of the older adults, with those receiving such support often exhibiting better mental health (18).

In recent years, studies on the impact of intergenerational support on the mental health of the older adults boom, which often measure intergenerational support based on three aspects: economic support, life care and emotional comfort (12, 19).

Thus, the health effects of caregiving may vary by the intensity of the role, competing demands, relationship with the person cared for, availability of supports, and individual vulnerabilities, including health status prior to becoming a caregiver (20, 21).

Adult children’s economic support primarily affects the mental health of the older adults by enhancing positive emotions and reducing negative emotions. Older adults who receive financial support have higher life satisfaction (9) or lower levels of depression (11), and intergenerational financial support from adult children improves life satisfaction in older adults (4, 10). Additionally, adult children’s financial support improves the quality of life for the older adults, indirectly fulfilling other needs and contributing to better mental health (3, 19). Intergenerational financial support from adult children can also reduce the incidence of depression among the older adults (11), by alleviating anxiety and depression.

The impact of adult children’s daily care on the mental health of the older adults is controversial, with no consensus in the academic community. One view is that Daily care from adult children can reduce depression levels and improve the quality of life for the older adults (19), significantly promoting mental health (22). Scholars using CHARLS data and data from Vietnam and Myanmar have reached the same conclusions (23, 24). Another view argues that daily care has a significant negative impact on the mental health of the older adults. For healthy older individuals, daily care from adult children may undermine their confidence (25), affect their attitude towards aging, and compromise their independence (26), negatively impacting their mental health.

Intergenerational support can bring good mental health to older adults, and emotional support can promote mental health in older people more than daily care and financial support (3). More frequent family visits are associated with lower rates of depression (5). Regular interactions with adult children fulfill the emotional needs of older adult parents, help them manage their emotions, reduce psychological stress, and alleviate the risk of loneliness and depression (14, 27–29). These will improve their mental health (30, 31), something that economic support alone cannot achieve (32).

Active aging suggests that participation in social activities is a core pillar for ensuring the mental health of the older adults. Older individuals who frequently participate in social activities have higher subjective well-being and quality of life (33), and negative emotions such as depression and loneliness can be alleviated through social participation (15, 34). Multiple empirical studies have found that participation in social activities can significantly enhance the mental health levels (15, 35) or subjective well-being (36) of older individuals. Furthermore, family support can also promote the participation of older adults in social activities (36–38). Impact of social support on the mental health or life satisfaction of older individuals often exhibit group heterogeneity. Previous literature discusses this heterogeneity from various dimensions, including country or region (36, 39, 40), gender (29, 39, 41), income (40), and whether living with adult children (36). Given the differences in social support mechanisms and economic development levels between urban and rural areas in China, empirical research often focuses more on urban–rural or household registration heterogeneity (7, 41, 42), indicating that the effects of three types of intergenerational support on the mental health of urban and rural older individuals differ.

To sum up, existing research has primarily explored the influence of intergenerational child support on the mental health of the older adults from three dimensions: financial support, care support and emotional comfort support. However, how does different types of intergenerational support affect the mental health of older adults has not been considered. Moreover, is the main effect of intergenerational support on mental health in the older adults consistent with the stress buffering effect? Does intergenerational support indirectly affect the mental health of older adults? Is there population heterogeneity in this effect? These unresolved questions drive this article, which categorizes the mental health of the older adults into positive and negative emotions to explore these effects. Using data from the 2020 CHARLS data, it examines how different forms of intergenerational support affect the mental health of the older adults. The paper also conducts heterogeneity analysis based on household registration, health status, gender, and income levels.



3 Materials and methods


3.1 Theoretical analysis and research hypotheses


3.1.1 Theoretical analysis

Intergenerational support from adult children, as a primary form of informal social support, can be understood through the lens of social support theory. Scholars have reached a preliminary consensus on the role of social support in mental health, primarily identifying two models: the main effect model and the buffering model (43). The main effect model focuses on the enhancement of positive emotions in the care recipients, while the buffering model emphasizes the alleviation of negative emotions. The main effect model holds that social support can generally enhance the physical and mental health of individuals by maintaining their good emotional experience and physical and mental condition (43, 44). The hypothesis of the main effect of intergenerational support on the mental health of the older adults has been verified in many empirical studies (7, 22). The buffer model holds that social support can alleviate the negative emotions of individuals in the face of stressful events, thus protecting the mental health of individuals (43, 45). Some empirical studies have confirmed the buffer model, adult children’s financial support can significantly reduce depression symptoms of older adult parents (46), and emotional support can alleviate depression or loneliness in older people (14, 28).

Social exchange theory is also often used to explain intergenerational support. From the perspective of social exchange, when the older adults have poor resources and cannot establish a reciprocal and balanced exchange relationship, they will feel disconnected from society (10, 47). If this unequal exchange relationship is further exacerbated, for example, the older adults need long-term support from their adult children because of long-term disability or constant stress, it may also bring a special negative emotion - shame. Shame is a concept in social psychology related to emotional expression. It is triggered by devaluation and serves as an adaptive signal to the self, warning of diminished social rank (48–50). The phenomenology of shame includes feelings of being weak, small, inhibited, and confused (51). When parents find themselves dependent on their adult children for daily care, the devaluation due to their physical and mental weakness generates shame, potentially lowering their mental health.

Additionally, the inherent altruism of parents toward their adult children may cause the older adults to feel uneasy and guilty when receiving care, especially among disabled older individuals. The buffering effect of intergenerational support on the mental health of disabled older adults may thus be negative. This might be due to the cultural norm of “responsibility ethics” in older adults’ care in China, where the older people emphasize their altruistic contributions to their adult children and are reluctant to become a burden in their old age (16). Therefore, adult children’s caregiving, especially physical care, can lead to feelings of shame and guilt in the older adults, generating new negative emotions. In recent years, there have been instances of rural older individuals choosing to commit suicide when they become purely burdens to their families due to illness or disability, with strong intergenerational responsibility serving as the ethical support for such altruistic suicides (52).

Social relationships and social participation are also important dimensions influencing mental health. The Social Convoy Model shapes the relationship between individuals and society into three concentric circles: inner, middle, and outer circles, explaining how interactions in the inner circle serve as the foundation for social participation in the outer circle. For older individuals, the social relationships within the inner circle, particularly family support, are the most crucial. Family support can reduce external pressures and strengthen the connection between older adults and society, thereby promoting social participation (36–38). The Social Contagion Theory emphasizes that older individuals can reduce social isolation through social participation. A “group interaction” environment and the corresponding positive social psychological processes help prevent older adults from experiencing social exclusion and enhance social integration, thereby mitigating feelings of loneliness (15, 53, 54). When both the social convoy model and social contagion theory operate simultaneously, family support may influence the mental health of older individuals by affecting their social participation, creating a mediating effect.



3.1.2 Research hypotheses

Based on the main effect model, economic support and caregiving from adult children can improve the mental health of the older adults. On one hand, after retirement, reduced income means that older individuals can only meet basic living needs, especially those with illnesses. Intergenerational economic support from adult children can improve their living conditions, allowing them to access better medical resources or pursue higher-level spiritual needs, thereby enhancing their mental health. On the other hand, as older individuals’ social relationships and networks shrink with age, losing potential social support from colleagues and friends, adult children’s support becomes dominant in their social support network. Moreover, older individuals have high expectations for filial piety from their adult children. When adult children provide economic support and caregiving, it not only meets the older adults’ expectations but also instills a sense of achievement in parenting, further benefiting their mental health.


Hypothesis 1: Intergenerational economic support from adult children enhances the mental health of older individuals by boosting their positive emotions.
Hypothesis 2: Caregiving support from adult children enhances the mental health of older individuals by boosting their positive emotions.



The effects of different family support on mental health of the older adults are different. He et al. (55) empirical study on older adults in China found that, different from the positive effects of economic support and emotional support, the life care or service support provided by adult children to their parents did not affect the mental health of the older people. Furthermore, receiving domestic support from adult children is detrimental to the mental health of older persons (19, 56). These empirical findings lead us to ask why adult children’s life care and support for their parents have different effects on mental health.

Unlike financial support or emotional comfort, life care often occurs when the older adults are in poor health or even disabled. When adult children care for disabled older adult parents, the emotional, cost, and economic support required is greater than for non-disabled older people, potentially causing feelings of guilt in the disabled older people. The stronger the guilt in severely disabled younger older adults, the stronger the depressive emotions (57).

Due to the simultaneous presence of satisfaction from receiving care and guilt towards the adult children, the impact mechanism of caregiving on the older adults’ mental health becomes complex, and the ultimate direction of this impact may be uncertain.


Hypothesis 3: Caregiving support from adult children reduces the mental health of older individuals by triggering negative emotions.
 

Drawing upon the buffering model, it can be posited that financial support from adult children plays a crucial role in aiding older individuals overcome hardships, thereby reducing negative emotional states. Additionally, emotional support from adult children can alleviate the negative emotions arising from self-perceptions of aging. As older individuals grow old, their physiological functions decline, cognitive abilities decrease, and they face increased life stress, leading to feelings of loneliness and helplessness, which in turn increase negative emotions and even depression. Emotional support from adult children lays a pivotal role in mitigating feelings of loneliness, eliminating negative emotions, and improving mental health.


Hypothesis 4: Intergenerational financial support from adult children contributes to the enhancement of the mental health of older individuals by reducing their negative emotions.

Hypothesis 5: Emotional support from adult children contributes to the enhancement of the mental health of older individuals by reducing their negative emotions.
 

More social participation of the older adults can not only ensure that the older people stay in society and meet the basic needs of social communication, but also ensure the cognitive ability of the older people and relieve mental pressure. Therefore, participation in social activities can promote the mental health of the older adults. Economic conditions are an important factor affecting social participation (15). The content and form of social activity participation are constrained by economic resources. Intergenerational economic support from adult children can improve the economic conditions of the older adults, and the positive feedback of adult children’s social norms of “filial piety” can enhance the older people’s willingness to participate in social activities, and their participation frequency will be higher. Participation in social activities can significantly reduce depression levels or suppress loneliness in older adults (14, 15).

This paper attempts to link the above economic support effect with the health promotion effect of social participation, and argues that adult children’s financial support can improve the mental health of the older adults through enhancing social participation. Therefore, the last hypothesis of this paper is proposed:


Hypothesis 6: Social participation mediates the relationship between intergenerational economic support and older adults’ mental health, with intergenerational economic support promoting social participation and thereby enhancing mental health.
 




3.2 Research design


3.2.1 Data source

The data for this study were derived from the 2020 wave of the China Health and Retirement Longitudinal Study (CHARLS). CHARLS dataset covers 32 provinces (autonomous regions and municipalities) across China, employing a multistage probability proportional to size (PPS) sampling method, resulting in a total sample size of 19,395 respondents.

First of all, according to the research requirements of this paper, we need to merge the personal information database, family member information database and family income database of CHARLS in 2020, using personal ID, household ID and community ID to identify and match. The total number of samples after merger is 19,331. Secondly, to maximize the retention of sample information, missing values for the explanatory variables of interest in this study are handled by assigning them a value representing the lowest level, commonly referred to as “none,” or similar terms. This approach treats these cases as part of the control group. Finally, to define our population of study, we selected the older adults aged 60 years and above as the research objects, and finally obtained 10,620 valid samples through age screening. To ensure the absence of multicollinearity in our sample, we conducted a collinearity analysis of the variables. The results indicated that all variables had Variance Inflation Factor (VIF) values below 10, with an overall VIF coefficient of 1.23, indicating no multicollinearity issues. Meanwhile, principal component analysis (PCA) results showed that the first principal component explained 34.24% of the variance (<50%), and no significant common method bias was detected.



3.2.2 Variable settings and descriptive statistical analysis

The main explained variable in this paper was the mental health level of the older adults, which was calculated based on the simplified CES-D scale provided by CHARLS data by referring to the practice of Mu and Yuan (58) and Zhang and Li (59). We used the main effect model and buffer model to explain the mechanism of intergenerational support on the mental health of the older adults. With reference to the research of Radloff (60) and Li and Wu (61), this paper extracted two main factors of positive emotion and negative emotion for 10 items of the simplified scale, as the mental health results of two dimensions of main effect and stress relief effect. Responses to the scale items were rated from 1 to 5. Negative emotion scores were reverse-coded and then combined with positive emotion scores to yield an overall mental health score.

The core explanatory variables are adult children’s economic support, caregiving, and emotional support. The existing literature has a variety of ways to measure financial support, some scholars set whether to provide support dummy variables (14, 62), and more studies directly use the monetary value of money provided by adult children and physical goods (12, 19, 22, 42) or grouping the monetary value of economic support (55).

Adult children’s emotional comfort support for the older adults was generally measured by whether dummy variables were provided (14, 15, 62), the frequency of meeting or contacting with adult children or frequently-based categorical variables (28, 29, 55), the total time spent with adult children (12) or the score of emotional intimacy (19, 36).

There are many ways to measure adult children’s care support for the older adults. They include whether in-person care is provided (14, 62), the cumulative time of daily care assistance, the frequency of in-person care provided, or a categorical variable based on frequency (19, 55, 63).

Building on previous literature, this paper compares the assignment experience of the variables supported by the above generations, and selects the assignment methods based on the inter-generation support frequency. According to the content of the CHARLS2020 questionnaire, the measurement question of financial support is set to “How much financial support (including in-kind conversion) did your adult children give you in the past year?” To eliminate outliers, this paper takes the logarithm of financial support.

The measurement question of daily care is set as “who helps you in the above difficulties (dressing, bathing, eating, getting up, going to the toilet, housework, cooking, shopping, making phone calls, taking medicine, managing money, etc.),” and the approach adopted by Wei et al. (14) and Wu and Jia (62) is treated as a binary categorical variable in this paper. That is, if the answer is “adult children, daughter-in-law, son-in-law, grandchildren,” it is considered that the adult children have provided care.

The measure of emotional comfort was set to “How often do you see your adult children when they are not living together?” CHARLS2020 questionnaire divides the frequency of meeting into 9 types. To make the score and emotional comfort support show positive changes, this study conducted reverse assignment according to the content of the questionnaire, that is, 0 represents “almost never” and 8 represents “almost every day.” At the same time, in order to reflect the influence of the number of adult children, this study summed up the scores of emotional comfort provided by different adult children.

Our models control for a range of personal characteristics, socioeconomic circumstances and health characteristics. Personal characteristics included gender, age, education level, and marital status. Socioeconomic characteristics included household registration status and annual income. Health characteristics included chronic disease status, disability status, and self-rated health.

The mediating variable, social activity participation, is derived from the question “Have you engaged in any of the following social activities in the past month (multiple choices are available), including: (1) visiting, socializing with friends; (2) Play mahjong, chess, cards, go to the community room; (3) Providing assistance to relatives, friends or neighbors who do not live with you; (4) Dancing, fitness, Qigong, etc.; (5) Participate in activities organized by associations; (6) Volunteer activities, or charity activities, or care for sick or disabled people who do not live with you; (7) Attending school or training courses; (8) Other social activities. Our assignment also considered further inquiries about social activities, “In the past month, how often did you engage in these activities?” Responses to this question were coded as: almost daily (3 points), almost weekly (2 points), infrequently (1 point), and not at all (0 points). Social activity participation is measured constructed by aggregating the scores of various activities to obtain a comprehensive social participation score for the older adults.

The specific variable definitions are provided in Table 1.



TABLE 1 Descriptive statistics of variables.
[image: Table listing various variables with their value assignments, mean, minimum, and maximum values. Variables include mental health, positive and negative emotion, financial support, daily care, emotional comfort, gender, age, education level, marital status, household registration, annual income, daily activity ability, chronic diseases, self-rated health, pension income, and social activity participation. Each variable has explanations for its value assignments, such as numerical representations for categories and specific scale measurements.]



3.2.3 Quantitative model

Drawing on the health demand model, this study examines the impact of intergenerational support from adult children (economic support, caregiving, and emotional comfort) on the mental health of the older adults. The dependent variable is mental health of older adults, with the three types of intergenerational support as independent variables. Control variables include demographic characteristics, socioeconomic characteristics, and physical health status. An OLS benchmark model is constructed as follows:

[image: Equation representing mental health as a function of factors: beta sub 1 multiplied by money, plus beta sub 2 multiplied by care, plus beta sub 3 multiplied by emotion, plus beta sub 4 multiplied by control, plus epsilon.]

Where Mental health is explained variable, representing the mental health level of the older adults. Money, Care, Emotion represent adult children’s financial support, daily care, and emotional comfort from adult children, respectively. Control represents control variables including demographic, socioeconomic, and health status of the old persons, and [image: Lowercase epsilon symbol in a serif font.] is the error term.

To address potential endogeneity arising from the bidirectional relationship between mental health and intergenerational support of older adults, we will use the instrumental variable method to solve the possible endogeneity problems. In the robustness test, the interpreted variable was replaced by the multi-categorical ordered variable of life satisfaction to observe the reliability of the results. Heterogeneity analysis will be conducted from multiple aspects.





4 Results


4.1 Results of the multiple linear regression model

Table 2 reports the regression results of intergenerational support on the mental health of the older adults. Model 1 includes only control variables such as age and gender. Models 2, 3, and 4 sequentially add intergenerational support variables, namely economic support, daily care, and emotional comfort, respectively. While Model 5 includes all intergenerational support variables along with control variables.



TABLE 2 Regression results of adult children’s intergenerational support on the mental health of the older adults.
[image: Table showing regression results across five models with variables such as financial support, daily care, emotional comfort, gender, age, education level, and more. Each entry includes coefficients and t-values, indicating significance at 1%, 5%, and 10% levels. The models have R-squared values ranging from 0.246 to 0.250 with a sample size of 10,620.]

Model 1 reflects the impact of control variables on older adults’ mental health. Model 2 adds financial support to Model 1. Regression results showed that when the original hypothesis of no correlation between financial support and mental health of the older adults was rejected at the significance level of 1%, the mental health score of the older people increased by 0.00087 when the financial support of the adult children increased by 1%. Adult children’s financial support can alleviate the economic pressure of the older people, improving their quality of life. The behavior aligns with the traditional Chinese culture of “filial piety,” meeting the psychological expectations of the older people and thus improving their mental health.

Model 3 adds daily care variable to Model 1, showing a significantly negative impact of adult children’s daily care on the mental health of the older adults. The reverse effect of adult children’s life care on the mental health of the older adults is worthy of further discussion. It is the comprehensive result caused by positive emotions and negative emotions.

Model 4 adds emotional comfort variable to Model 1. Similar to the findings of the study by He et al. (55), emotional support improves mental health of older adults.

Model 5 also examines the combined effects of three types of intergenerational support-economic support, daily care and emotional comfort-on the mental health level of the older adults, and the findings remains consistent with the previous models. The regression model is established based on Equation 1.



4.2 Impact on positive and negative emotions

To explore the impact mechanism of different forms of adult children’s intergenerational support on the mental health of the older adults, this study constructs measurement models based on positive and negative emotions of the older adults to examine how different types of intergenerational support affect the mental health of the older people. The specific model settings are as follows:

[image: Positive equals alpha sub one times Money plus alpha sub two times Care plus alpha sub three times Emotion plus alpha sub four times Control plus epsilon. Equation two.]

[image: Negative equals gamma subscript 1 times Money plus gamma subscript 2 times Care plus gamma subscript 1 times Emotion plus gamma subscript 4 times Control plus epsilon. Equation number 3.]

Table 3 reports the regression results of adult children’s intergenerational support on the positive emotions of the older adults. Model 2, Model 3 and Model 4 show that the coefficients of the three types of support reject the null hypothesis that they have no effect on the positive emotions of the older adults at the significance level of 1%, that is, the three types of support all enhance the positive emotions of the older people. However, when all three types of intergenerational support are considered, the effect of emotional comfort is not statistically significant. Model 5 presents the regression results of Equation 2, indicating that a 1% increase in adult children’s financial support for the older adults raises older people’s positive emotion score by 0.00026. Additionally, daily care provided by adult children increased positive emotion scores by an average of 0.317 points. This result is consistent with hypothesis 1 and hypothesis 2 above. The effect of emotional comfort on positive emotions of older adults is not significant. This may be because that when older individuals receive emotional comfort support from their adult children, they tend to relieve their own depression and eliminate loneliness, which has little impact on positive emotions.



TABLE 3 Regression results of adult children’s intergenerational support on positive emotions of the older adults.
[image: Table displaying regression results across five models. Variables include Financial Support, Daily Care, and Emotional Comfort. Financial Support has coefficients of 0.028 (Model 2) and 0.026 (Model 5), both significant at the 1% level. Daily Care shows 0.317 (Model 3) and 0.321 (Model 5), significant at the 1% level. Emotional Comfort has a 0.009 coefficient in Model 4, significant at the 1% level. Models 4 and 5 include controlled variables. Constants range from 3.960 to 4.105 across models. All models have 10,620 observations. R-squared values range from 0.066 to 0.071. Significance levels indicated as *, **, ***.]

The results in Table 4 show that adult children’s financial support and emotional comfort significantly reduce the negative emotions of the older adults, but daily care has a significantly positive effect on the negative emotions of the older people. This result is consistent with hypothesis 3, 4, and 5. Model 5 represents the estimation results of Equation 3.



TABLE 4 Regression results of adult children’s intergenerational support on negative emotions of the older adults.
[image: Table displaying results from five models of variables: Financial Support, Daily Care, and Emotional Comfort, with significance levels indicated by asterisks. R-squared values range from 0.212 to 0.217 across the models, which include different control variable treatments. Models use a sample size of 10,620.]



4.3 Mediation effect of social activity participation

Adult children’s financial support improves the economic conditions of the older adults, providing a material basis for their participation in social activities. Higher income may encourage older adults to participate more frequently in social activities. The social convoy model suggests that family support can alleviate external pressure and strengthen the connection between the older adults and society, thus promoting social participation. In addition, the social contagion theory further emphasizes that social participation is a positive social psychological process, and the involvement in social activities can inhibit social loneliness. It can alleviate depression and loneliness and other negative emotions, and improve the mental health level of the older adults. To verify whether social activity participation mediates the relationship between adult children’s financial support and the mental health of the older adults, a mediating effect test is conducted. Based on the stepwise regression test procedure for mediating effects proposed by Wen et al. (64), the following stepwise regression models are established (Equations 4-6):

[image: Mental health equation showing the relation: Mental\_health equals β1 times Money plus β2 times Care plus β3 times Emotion plus β4 times Control plus ϕ. Equation labeled as (4).]

[image: Mathematical equation expressed as: Activity equals delta one times Money plus delta two times Care plus delta three times Emotion plus delta four times Control plus phi, labeled as equation five.]

[image: Equation representing mental health as the sum of factors: Money, Activity, Care, Emotion, and Control, each multiplied by a corresponding variable \( \xi \), plus a constant \( \phi \).]

The regression results are presented in Table 5 below: Model 1 is the regression results of adult children’s financial support on the mental health of older adults, and intergenerational financial support improves the mental health of older individuals; Model 2 is the regression result of adult children’s financial support on the older adults’ participation in social activities, adult children’s financial support promotes social participation, the empirical result supports the theory put forward by the social convoy model, that is, family support can promote social participation; Model 3 also considers the variables controlling for adult children’s economic support and social activity participation. The results show that both variables contribute to mental health, and social activity participation plays a partial mediating role. Hypothesis 6 is valid and this empirical result should also support the theory put forward by social contagion theory, which suggests that social contagion can improve the mental health of the older adults. After adding the mediating variable of social activity participation, the economic support coefficient in Model 3 decreases compared to model 1, which may be because some of the mental health needs of the older adults are met in social activity participation, which reduces older people’s reliance on financial support from their adult children, indicating that social activity participation may have a substitutive effect on economic support.



TABLE 5 Regression analysis of the mediating effect of social activity participation.
[image: Regression table displaying results for three models. Model 1 focuses on mental health with coefficients: financial support \(0.065\), daily care \(-1.028\), emotional comfort \(0.025\). Model 2 centers on social activity participation with coefficients: financial support \(0.040\), daily care \(-0.207\). Model 3 again addresses mental health with coefficients: financial support \(0.057\), social activity \(0.197\), daily care \(-0.988\), emotional comfort \(0.025\). Significance levels are indicated by asterisks. Constants, sample size, and R-squared values are also included.]

To accurately test the mediating effect, the Bootstrap method is used for verification, with an effect size of 0.010 (Boot SE = 0.003, 95% CI [0.005, 0.015]).The Bootstrap verification results show that social activity participation has a partial mediating effect on the impact of adult children’s financial support on the mental health of the older adults, validating hypothesis 6. This indicates that adult children’s financial support can enhance the older adults’ economic capacity for social participation, promoting more social activities, and thereby improving mental health.



4.4 Endogeneity test

The potential endogeneity of the impact of intergenerational support from adult children on older adults’ mental health may stem from two sources. First, there might be a reciprocal causal relationship between older adults mental health levels and intergenerational support behaviors. For example, the provision of intergenerational support by adult children could be a response to a decline in the older adults’ mental health; thus, when an older people person experiences poor mental health, their adult children may offer more support. Second, omitted variable bias may arise from unobservable factors, such as varying perceptions of the need for intergenerational support among the older adults.

To address potential endogeneity issues, this study employs an instrumental variable (IV) approach using the IV-OLS model, with the results presented in Tables 6–8. Instrumental variables must be correlated with the core explanatory variables and uncorrelated with the random error terms, ensuring their exogeneity. Following the method of Chyi and Mao (65) this study selects the “income level of the eldest son or daughter” as an instrument for intergenerational support. The rationale is that the eldest son or daughter often bears a significant share of the responsibility for supporting older adult parents, with their income level affecting the economic support that older individuals receive, but not directly influencing the older people’s mental health.



TABLE 6 Regression results of intergenerational support on older adults life satisfaction.
[image: Table showing regression analysis results across four models. For financial support, significance is noted in Models 1 and 4 with coefficients 0.011 and 0.010, respectively. Daily care remains insignificant across all models. Emotional comfort is significant in Models 3 and 4 with coefficients 0.004 and 0.002, respectively. Control is applied in Models 2, 3, and 4. The sample size is 10,620 for all models, with R-squared values around 0.077 to 0.079. Statistical significance is denoted by asterisks, with corresponding t-values in parentheses.]



TABLE 7 Regression results of redefined daily care on older adults mental health.
[image: A table compares four models examining the effects of financial support, daily care, and emotional comfort on a dependent variable. Model 1 shows coefficients of 0.079 for financial support and 0.822 for daily care. Model 2 includes control, lowering the financial support coefficient to 0.071. Model 3 introduces emotional comfort with a coefficient of 0.017. Model 4, also controlled, shows financial support at 0.059 and daily care at 0.802. All coefficients are statistically significant at varying levels, denoted by asterisks. Models have a constant around 25.94 and an R-squared value between 0.249 and 0.254.]



TABLE 8 Regression results of intergenerational support from adult children for older adults with different household registrations.
[image: Table showing the effects of financial support, daily care, and emotional comfort on mental health, positive emotion, and depression in urban and rural settings. Significance levels are indicated by asterisks, with t-values in parentheses. The data includes constants, control variables, sample size (N), and R-squared values.]

The method of using the economic status or social support variable with a one-stage lag as the instrumental variable has been used many times (66). This paper adopts a similar approach to the handling of the two endogenous explanatory variables of life care and emotional comfort, respectively using the score of adult children’s life care and emotional comfort with a one-stage lag as the instrumental variable. In terms of exogeneity, past emotional support from adult children does not directly affect the current mental health of the older adults, whereas past support influences the frequency of current emotional support received.

The first-stage regression results reveal that the instrumental variables in all three models are statistically significant at the 1% level, Moreover, the F-statistics from the first stage of regression are all greater than 10, rejecting the hypothesis of weak instruments, and the model estimates are reliable.

Model 1 in Table 9 presents the IV-OLS regression results for the impact of economic support on older adults mental health, demonstrating a significant positive effect. Model 2 reports the IV-OLS regression results for the effect of adult children’s daily care on older adults’ mental health, indicating a significant negative effect. Model 3 reveals the IV-OLS regression results for the impact of emotional support on older adults’ mental health, demonstrating a significant positive effect of emotional support on mental health. The regression results from all three models are consistent with the baseline regression findings, and the estimates for the control variables align with expectations, confirming the robustness of the baseline regression.



TABLE 9 IV-OLS regression results for intergenerational support.
[image: Table showing results of IV-OLS models with three different stages: economic support, life care, and emotional comfort. Each model has a first-stage dependent variable with coefficients and t-values, and a second-stage dependent variable related to mental health with coefficients and t-values. Sample sizes are 10,620 for model 1, 9,736 for model 2, and 5,999 for model 3. Weak instrument tests with F-values are reported for each. Significance levels at 1%, 5%, and 10% are indicated by asterisks.]



4.5 Robustness check

Life satisfaction is one of the most commonly used measures of cognitive life evaluations (23). To verify the reliability of the aforementioned regressions, this paper adopts the approach of Wu (23) and Cheng (67), substituting the variable of life satisfaction for mental health level in the regressions, thereby enhancing the credibility of the conclusions. The life satisfaction variable is defined based on responses to the CHARLS questionnaire item, “Overall, are you satisfied with your life?” Responses are assigned values from 5 to 1. Given that life satisfaction is an ordered categorical variable, an Ordered Logistic model is employed for the regressions. Considering the variables set in the previous sections, the model for older adults life satisfaction is established as follows:

[image: The equation shows the log of satisfaction as a sum of terms: θ sub k, η1 times Money, η2 times Care, η3 times Emotion, and η4 times Control, plus ε.]

Where Money, Care and Emotion represent intergenerational economic support, daily care, and emotional comfort from adult children, respectively, and Control denotes a series of control variables.

Table 6 reports the regression results of intergenerational support from adult children on the life satisfaction of the older adults’, as outlined in Equation 7. The results indicate that a 1% increase in adult children’s economic support raises the life satisfaction of the older adults by 0.00011, and a 1-point increase in adult children’s emotional support score raises the life satisfaction of the older adults by 0.023. The impact of daily care support is not significant, which is consistent with the previous regression results.

Given that older adults tend not to require daily care from their adult children if they are capable of self-care, the daily care variable is redefined to encompass both current and anticipated future care. This redefinition is based on the relevant items from CHARLS questionnaire: (1) “Who helps you the most with difficulties such as dressing, bathing, eating, getting up, toileting, housework, cooking, shopping, making phone calls, taking medication, and managing money?” and (2) “If you need care in daily life in the future, who will take care of you?” If either response indicates adult children as caregivers, the variable is assigned a value of 1; otherwise, it is assigned a value of 0.

As shown in Table 7, when the daily care variable is defined to include both current and anticipated future care from adult children, the effect on the mental health of the older adults becomes significantly positive. This may be because, even when older individuals are physically healthy and capable of normal daily activities, nearly half of them expect to receive care from their adult children in case of future illness or incapacity. This positive expectation can significantly enhance their mental health.



4.6 Heterogeneity analysis


4.6.1 Urban–rural differences

There is a significant disparity in development levels between urban and rural areas in China. Many rural youth migrate to cities for work, resulting in a large number of left-behind older adults in rural areas. These rural older adults, who are often unable to see their adult children for extended periods, may have unmet emotional needs. Consequently, rural older adults might have a higher demand for emotional comfort compared to their urban counterparts. There are significant disparities between urban and rural areas in China in terms of economic development levels, work practices, and living and lifestyle patterns. Therefore, this paper categorizes the older adults into urban and rural groups based on their household registration to explore whether the effects of different forms of intergenerational support on the mental health of the older adults differ between urban and rural areas.

The regression results are shown in Table 8. Financial support from adult children has a significant positive impact on the positive emotions of urban older individuals, a significant negative impact on negative emotions, and a significant positive effect on overall mental health. In contrast, while economic support from adult children significantly enhances the positive emotions of rural older individuals, its impact on their mental health and negative emotions is not significant. This finding is consistent with that of Hou et al. (42), who did not provide an explanation for it. Generally, in more traditionally cultural regions, the impact of adult children’s economic support on the mental health of the older adults is more pronounced. For example, adult children’s economic support significantly increased the life satisfaction of older individuals in South Korea, but this effect was not observed in the United States (40). This result does not fully align with general trends.

A possible explanation is that adult children’s economic support may enhance positive emotions through the positive feedback of “filial piety,” which applies to both urban and rural older adults. However, urban older individuals tend to have higher living expenses and more diverse needs, making low-income individuals more susceptible to negative emotions stemming from financial strain. Therefore, economic support from adult children can improve their situation and alleviate negative psychological states. In contrast, rural older individuals have a higher degree of self-sufficiency in their daily lives and face a less diverse market, so the economic support has limited effects on alleviating negative emotions.

Life care has a significant negative impact on the overall mental health of older individuals, but it has a significant positive impact on the positive emotions of both rural and urban older adults. This indicates that older individuals receiving life care experience a certain degree of psychological comfort, which can somewhat enhance their mental health levels. The impact of life care on negative emotions is more pronounced among urban older individuals, possibly because urban older adults have weaker traditional views on aging or possess stronger self-esteem, making them more susceptible to feelings of guilt triggered by adult children’s life care.

The impact of emotional support on the negative emotions and mental health of rural older individuals rejects the null hypothesis at the 5% level, showing both negative and positive effects. However, emotional support has no significant effect on the positive emotions, negative emotions, or mental health levels of urban older individuals. This result is generally consistent with the findings of Tang et al. (41), possibly because urban older individuals rely more on extensive social networks. In contrast, rural older individuals are often left-behind seniors, with their adult children away for long periods, resulting in a higher degree of emotional need for their adult children. Thus, they may have a greater expectation for emotional support and comfort from their children.



4.6.2 Health status differences

Older individuals with varying health statuses have different demands for various forms of intergenerational support. Compared to non-disabled older adults, disabled older people, confined to their homes due to long-term disability, may find that economic support from adult children does little to improve their quality of life, while emotional comfort might better meet their internal needs and enhance their mental health. Most empirical studies often control for the physical health status of older individuals when estimating the impact of family support or social support on their mental health (7, 67, 68). Both external support and health jointly influence the mental health of older adults. Lafferty and Phillips (69) based on data from Ireland, found that individuals in poor health derive greater mental health benefits from social support. Similarly, an empirical study by Shi et al. (70) in China found that external support moderates the negative impact of physical disabilities on the mental health of older individuals. We believe that the demand for the three types of support among disabled older individuals changes, with a greater need for life care and a higher likelihood of experiencing negative emotions. Therefore, discussing the impact of intergenerational support on mental health by distinguishing between disabled and non-disabled groups is more valuable. Additionally, research focused on disabled individuals can reveal the comprehensive mechanisms of care support on mental health across two dimensions: the positive emotions derived from the fulfillment of “filial piety” and the negative feelings of guilt stemming from being a burden to their adult children.

The regression results are shown in Table 10 above. For disabled older adults, adult children’s financial support has a positive effect on their emotions and mental health and the null hypothesis is rejected at the significance level of 1 and 10%, indicating a positive effect. However, intergenerational financial support cannot improve the negative emotions of disabled older adults, which is similar to the results obtained by Sun et al. (71) and Hu and Liu (72).The emotional comfort of the disabled older adults is conducive to mental health. However, there are differences in the conclusions on life care. Hu and Liu (72) found that long-term caregiving by family members improves the mental health of disabled older adult individuals, whereas this study finds that while caregiving support enhances their positive emotions, it also exacerbates their negative emotions. Additionally, our findings are similar to those of Li et al. (73), persons with disabilities who have received long-term family care generally have serious psychological burden. For non-disabled older adults, adult children’s financial support has a significant positive impact on their positive emotions, a significant negative impact on their negative emotions, and a significant positive impact on their overall mental health level. This is because the financial support provided by adult children enables non-disabled older adults to achieve a better standard of living, leading to greater participation in social activities and the pursuit of higher-level needs, thereby enhancing positive emotions, reducing negative emotions, and improving overall mental health. Emotional comfort has a significant negative impact on negative emotions and a significant positive impact on mental health levels for the older adults, though the significance level is lower. This may be because non-disabled older people have a higher probability of participating in social activities and have more diverse sources for meeting their emotional needs, thereby reducing their dependence on emotional support from their adult children.



TABLE 10 Regression results of intergenerational support from adult children for older adults with different health statuses.
[image: A table presents statistical data on mental health, positive emotion, and depression emotion for disabled and nondisabled groups, focusing on financial support, daily care, and emotional comfort. Significance levels are marked by asterisks, with t-values in parentheses. The data includes control values, sample size (N), and R-squared values for each condition.]



4.6.3 Gender differences

The intergenerational support from adult children may also have gender differences in its impact on the health of older individuals. Statistics indicate that older women have a higher average life expectancy and overall physical health than older men. Therefore, intergenerational support from adult children may exhibit gender differences in its effects on the health and well-being of the older adults. This study divides the sample into two groups: older men and older women, to examine the gender differences in the impact of family support on the health of the older people.

The regression results, as shown in Table 11, indicate that intergenerational economic support from adult children has a significant positive impact on the mental health and positive emotions of older men, while it has a significant negative impact on their negative emotions. In contrast, the effects on the mental health and negative emotions of older women are not significant. This suggests that older men may be more likely to associate economic support with their self-worth; a lack of such support might affect their self-identity and mental health. On the other hand, women may place greater value on family relationships and emotional connections, making them less affected by economic support. The results for the impact of life care and emotional support on both male and female older individuals show similar levels of significance, but the effects of intergenerational support from adult children are more pronounced for men than for women. Therefore, it can be concluded that intergenerational support from adult children has a more significant impact on the health of older men compared to older women.



TABLE 11 Regression results of intergenerational support from adult children for older adults with different gender.
[image: A table displays the effects of financial support, daily care, and emotional comfort on mental health, positive emotion, and depression emotion for males and females. It includes coefficients and t-values, with significance levels marked by asterisks. The table also shows control variables, constant values, sample sizes (N), and R-squared values for each group.]



4.6.4 Personal income difference

The impact of intergenerational support on the health of older adults may also vary depending on the income level of older adults. Older adults with higher income levels, while enjoying support from their children, may be better able to use that support to improve their health, such as choosing better medical care or engaging in more social activities. While older adults with lower income levels may also receive support from their children, they may not be able to take full advantage of this support to improve their health due to economic constraints, and may even face greater stress and health risks.

The regression results are shown in Table 12. First, adult children’s economic support has a significant positive impact on the positive emotions of the older adults with higher income, but has no significant impact on the older adults with lower income. Second, life care has a greater impact on older adults with higher income levels. Although high-income seniors face relatively little financial stress, they may face other types of stress, such as health problems, loneliness, or changing social roles. Child care can provide practical help and emotional support in life, so as to effectively reduce life pressure and improve emotional state. Finally, emotional support has significant positive and negative effects on mental health and negative emotions of the older adults with higher income, but has no significant effect on the older adults with lower income.



TABLE 12 Regression results of intergenerational support from adult children for older adults with different personal income level.
[image: A table displaying the effects of financial support, daily care, and emotional comfort on mental health, positive emotion, and depression emotion. Each emotion category is divided into below and above average. Significance levels are indicated with asterisks, and t-values are in parentheses. Sample size (N) and R-squared values are provided for each category. The constant values vary across categories.]





5 Discussion


5.1 General discussion

This is the first study to integrate three forms of intergenerational support, decomposing mental health into positive and negative emotions, and discussing the impact of intergenerational support on the mental health of older adults based on the main effect and buffering hypotheses. The study revealed that intergenerational support from adult children has a positive impact on the mental health of older adults, which varies according to the form of support received.

Adult children’s financial support has the most robust direct effect on the mental health of the older adults, and its main effect mechanism and buffer mechanism have the same direction of action. Through the enhancement of positive emotions and the weakening of negative emotions, the mental health level is enhanced. Financial support also improves the mental health of older parents by promoting their social participation. The results of this study are an extension of Litwin (13) on the indirect mechanism of economic support on the physical health of the older adults, as well as the work of Li and Wu (61) on the indirect mechanism through which parent–child interaction influences the mental health of older parents. This study contributes to the understanding of the complex relationship involving ‘functional limitations–social interaction–mental health,’ thereby validating the hypothesis that adult children’s financial support improves the mental health of the older parents, with social convoy theory serving as the framework that highlights the critical role of this support in the relationship. This indirect mechanism also represents a novel application of social contagion theory in the realm of social interaction and participation among the older adult.

The effect of adult children’s care support on the mental health of the older adults is not stable (the coefficient of Table 2 and Table 6 is negative, which is different from Table 7). However, after the results are decomposed into the main effect mechanism and the buffer mechanism, the respective effect results of the two mechanisms are stable, that is, adult children’s life care can enhance the positive emotions of the older adults. At the same time, life care also contributed to the negative emotions of the older adults (Tables 3, 4). And Table 4 shows that personal care has a positive promoting effect on the negative emotions of the older adults, while financial support and emotional comfort have a negative impact. Zhao et al. (74) also found similar results in their analysis of the CHARLS data. We speculate that this may be because the older adults who receive care from adult children are mostly disabled older people, who suffer from long-term illness and exhibit relatively high negative emotions. When receiving care, they may feel guilty for dragging down their adult children (74), make the disabled older adults feel ashamed, consequently resulting in negative emotions. As explained by Seeman and Berkman (25) and Lee (75) on intergenerational support, this unbalanced exchange relationship can cause stress or guilt in older adults, with negative effects on mental health. When the inducing effect of negative emotion is higher than the promoting effect of positive emotion, the direction of the influence of adult children’s life care on the mental health of the older adults is negative, and vice versa.

When we extend the connotation of explanatory variable life care to the expected life care of adult children (Table 7), adult children’s care support has a positive impact on the mental health of the older adults. The reason is that the older adults who are expected to receive life care do not actually need adult children’s care, so the expected child “filial piety” main effect exists, while the unbalanced exchange relationship or guilt when receiving adult children’s care has not been felt. Table 11 mainly reflects the main effect of positive emotions. In this way, our results are robust.

The effect of adult children’s emotional comfort support on the mental health of the older adults is very robust. This promotion is not through the main effect, but based on the buffer mechanism (Tables 3, 4), that is, emotional comfort from adult children can alleviate the loneliness of the older adults, and it is not easy to form depression.

This finding provides experimental evidence for the differential effects of intergenerational support on the mental health of older adults, highlighting that each type of support maintains a stable impact within both main effect and buffering models.



5.2 Limitations and future directions

This study provides valuable insights into the differential effects of intergenerational support on the mental health of older adults in China. It also expands the application of the main effect model and buffering model by exploring their mechanisms in the context of different forms of intergenerational support. The study conducts a nuanced discussion on how these mechanisms contribute differently to mental health outcomes. However, we recognize certain limitations that warrant consideration.

First, the cross-sectional nature of the data restricts our ability to establish causal relationships between intergenerational support and mental health outcomes. While instrumental variable methods were employed to address potential endogeneity issues, they cannot fully resolve the inherent limitations of cross-sectional data.

Second, although we incorporated comprehensive measures of intergenerational support, more granular data on the frequency, intensity, and quality of support interactions would enable deeper analysis.

Future research would benefit from employing longitudinal or experimental designs to more rigorously examine the causal mechanisms. Additionally, more granular data on the frequency and intensity of support interactions would allow for a more nuanced analysis of these effects. And the different needs of different sub-populations research is a further refinement of the future research direction.




6 Conclusion


6.1 Main findings

Based on 2018 CHARLS data, this study investigates the mechanisms through which various forms of intergenerational support from adult children affect the mental health of the older adults and explores the heterogeneity of these effects among older individuals with different characteristics and the mediating role of social participation. The main conclusions are as follows:

Economic Support: Adult children’s economic support enhances the mental health of older individuals by increasing positive emotions and reducing negative emotions.

Daily Care: Daily care from adult children can significantly boost the positive emotions of older individuals, but long-term reliance on such care may induce feelings of guilt and increase negative emotions, ultimately reducing mental health.

Emotional Support: Emotional support from adult children improves the mental health of older individuals by alleviating negative emotions.

Social Participation: Social participation has a mediating effect on the mental health of older individuals. Economic support from adult children can promote social participation, thereby fulfilling emotional needs at the societal level and enhancing mental health.

Additionally, heterogeneity analysis indicates that intergenerational support from adult children varies among older individuals with different characteristics. Rural older adults have a greater need for emotional support from their adult children. Intergenerational support from adult children has a more pronounced effect on the health of older individuals who are disabled, older adult men, and those from higher-income families.

The main conclusions of this paper elucidate the relationships between intergenerational support from adult children, the mental health of the older adults, and their social participation. These findings provide insights for improving the older adults care system in China, enhancing the role of intergenerational support, and ensuring the mental health of the older people.



6.2 Recommendations

Promote Filial Piety Culture: Emphasize the role of intergenerational support in the care of older adults. Adult children’s support remains crucial for the well-being of older individuals. Promoting traditional virtues of respecting and supporting the older adults, encouraging adult children to provide economic, care, and emotional resources to their parents, is essential for the quality of older adults’ life. Examples include regular financial support, necessary daily care during illnesses, and frequent communication to alleviate negative emotions.

Socialize Care Services: The use of community home care services, including home visits and psychological counseling, can significantly improve the mental health level of the older adult (76) and alleviate their depression (77). Reduce the psychological burden on the older adults by socializing daily care services. Since long-term dependence on adult children for care can lead to feelings of guilt among the older adults, providing primary care services through social systems can effectively reduce these negative emotions. Meanwhile, adult children can offer occasional care to express filial piety, enhancing positive emotions.

Encourage Social Participation: Strengthen community functions for older adults care. Communities, as primary venues for daily activities, play a crucial role in helping the older adults obtain external support and improve mental health. Enhancing community facilities to meet the daily and cultural needs of the older adults can significantly boost their mental health. This can include establishing senior activity centers, forming interest groups, and offering volunteer positions to capable older individuals to help them realize personal value.
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Background: Activities of Daily Living (ADL) are crucial for assessing older adult’s ability to live independently. Physical exercise has a positive impact on ADL. During the COVID-19 pandemic, the reduction of social interaction and the limited use of exercise facilities led some older adults to reduce regular exercise and show more sedentary behavior. This study aimed to examine the influence of physical exercise on the Activities of Daily Living (ADL) among older adults during the COVID-19 pandemic.
Methods: Using the China Longitudinal Aging Social Survey (CLASS) data, propensity score matching (PSM) was performed on the sample, with the interaction between participation in physical exercise and observation year as the core independent variables, and instrumental activities of daily life (IADL) and basic activities of daily life (BADL) as the dependent variables for difference-in-differences (DID) regression analysis. Verify age heterogeneity through grouped regression, and use mediation effect analysis to examine the role of retirement.
Results: In the context of COVID-19, participation in physical exercise had a positive impact on the IADL and BADL of older adults. The IADL and BADL of older adults who participated in physical exercise were 0.189 and 0.119 units higher than those who did not participate in physical exercise. This positive impact also varied by age, for older adults aged 75 years and above, participation in physical exercise exerted a significant positive impact on both IADL and BADL. In contrast, among those under 75 years of age, no significant effects of physical exercise on IADL or BADL were detected. The analysis further revealed retirement status emerged as a significant masking variable that amplifies observed differences in ADL outcomes when controlled analytically.
Conclusion: During the pandemic, physical exercise still has a positive impact on the IADL and BADL of the older adults. The older adults aged 75 and above are more reliant on physical exercise to improve their IADL and BADL. Due to the survivor effect, the relative negative effect of retirement on the IADL and BADL of the older adults who engage in physical exercise is more pronounced.
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1 Introduction

With the ongoing demographic shifts in China, the aging population is increasing. By 2022, individuals aged 60 and above constituted 19.8% of the total population (1). With advancing age, there is a notable decline in physical abilities, especially immune function, among older adults (2). This deterioration in immune function is linked to various health issues, severely threatening their overall well-being. Accordingly, addressing healthy aging is an urgent issue. Activities of daily living (ADL) is a critical indicator for assessing the independent living capability of older adults (3). ADLs are categorized into two types: Instrumental Activities of Daily Living (IADL) and Basic Activities of Daily Living (BADL). IADL involves more complex tasks related to managing one’s environment, such as transportation, shopping, financial management, cooking, and housekeeping (4). On the other hand, BADL consists of basic physical tasks necessary for preserving independence, such as eating, dressing, transferring in and out of bed, toileting, bathing, and other fundamental self-care activities (4).

Declines in IADL and BADL can reduce the scope of activities for the older adults, decrease their contact with the outside world, and adversely affect their physical and mental health (5). An observational study conducted in France over 5 years revealed that most older adults first experience a decline in physical activity capacity as a reduction in IADL, followed by challenges in BADL (6). The emergence of the Coronavirus disease 2019 (COVID-19) pandemic in late 2019 has led serious global health crisis, impacting socio-economic development and public safety due to its high transmission rate and widespread nature. Older adults are particularly at risk of severe illness and mortality from the virus when compared to younger populations (7).

Existing research has shown that physical exercise plays a crucial role in promoting physical health, reducing the negative effects of certain diseases, and supporting positive aging by positively influencing IADL and BADL (8–12). However, most studies focus on standard conditions, rather than during pandemics. During the COVID-19 pandemic, older adults, as a vulnerable population, should pay more attention to maintaining and improving their health.

In addition, during this period, the reduction of social interaction and the limited use of exercise facilities led some older adults to reduce regular exercise (13) and show more sedentary behavior (14). A meta-analysis has shown that during the COVID-19 pandemic, the daily sedentary time for the older adults increased by 46.9 ± 22.0 min (15). Studies also indicate that the longer older adults remain sedentary, the more likely they are to experience insufficient ADL, regardless of the time they spend engaging in moderate to vigorous activities (16). Thus, even substantial daily doses of moderate to vigorous physical activity may not offset the adverse effects of a sedentary lifestyle. This study aims to investigate whether physical exercise during the pandemic still meets the needs of older adults to improve their IADL and BADL. To make up for the shortcomings of existing research. By utilizing the “2020 COVID-19 pandemic” as an exogenous shock, this paper applies propensity score matching (PSM) and difference-in-differences (DID) methodologies to analyze the impact of physical exercise on IADL and BADL under pandemic conditions and examines the heterogeneous effects of physical exercise across different age groups.



2 Materials and methods


2.1 Study population

Data for this study were collected from the national baseline surveys of the China Longitudinal Aging Social Survey (CLASS) carried out in 2018 and 2022 (17). CLASS is a national, ongoing, large-scale social survey that collects social, economic, family, and health information data of Chinese older adults people aged 60 and older. Its objective is to investigate the challenges faced by the aging population in China and to provide a robust theoretical and empirical foundation for addressing aging-related issues in the country. This survey adopts a stratified multi-stage probability sampling method to select county-level areas (including counties, county-level cities, and districts) as the primary sampling unit, and villages/residents’ committees as the secondary sampling unit. The recruited participants are Chinese citizens aged 60 and above (with no age limit) residing at the current address. The interviewer reads the questions and answers one by one according to the questionnaire, and the interviewee selects the corresponding answer items. Then the interviewer records them on the questionnaire. To date, CLASS has conducted four national follow-up surveys in 2014, 2016, 2018, and 2022. For this study, the data from 2018 and 2022 were selected as they are the periods closest to the emergence of COVID-19.

The initial sample size in 2018 was 11.416, and in 2022 it was 11.398. When constructing a DID model, an experimental group and a control group are required. Therefore, this study removed samples that participated in physical exercise in 2018, resulting in a total sample size of 14,589.



2.2 Variables

The variables covered in this study are summarized in Table 1.



TABLE 1 Definition of variables.
[image: A table with variables and data information related to activities of daily living. Outcome variables include instrumental and basic activities like making phone calls, managing finances, dressing, and bathing. The treatment variable pertains to physical exercise frequency, while the observation years are 2018 and 2022. Control variables cover gender, age, education level, marital status, spouse's education, hospitalization frequency, and chronic disease status. The mediating variable is retirement status, noted as either retired or employed.]



2.3 Statistical analysis


2.3.1 Identification strategy

The Difference in Differences (DID) method relies on the assumption that treatment and control groups are assigned randomly. However, in natural experiments, observational data is not randomly distributed, leading to a non-random selection process influenced by factors like gender, age, and education level. The Propensity Score Matching-Difference in Differences (PSM-DID) method effectively mitigates this issue, as it satisfies the common trends assumption (18). PSM resolves the self-selection problem of samples by integrating many observable confounding variables into a single variable: the propensity score. Since individuals with similar propensity scores share similar characteristics in other variables, matching the treatment and control groups by propensity scores balance the baseline levels of the two groups, achieving an effect akin to random grouping (19).

In this study, PSM is used to address the sample’s self-selection issue by matching individuals from the control group who are similar to those in the treatment group using PSM (20). Subsequently, the net effects of the treatment are compared through Difference-in-Differences (DID) (21). The fundamental idea of DID is to construct a double difference statistic reflecting the effects of physical exercise by comparing the differences between the control and treatment groups in 2018 and 2022. In this research, DID initially assesses within-group differences to eliminate estimation biases caused by certain unobservable individual factors that remain constant over time; it then evaluates between-group differences to remove the impact of temporal trends. Through these two differences analyses, the effect of the treatment, namely the impact of changes in physical exercise participation status on individual IADL and BADL, is determined.

Using ordinary regression to estimate causal relationships between variables may cause problems. Firstly, the issue of self-selection arises because the decision to engage in physical exercise is a personal choice influenced by individual characteristics (such as age, gender, education level, and the presence of chronic diseases). This can result in “self-selection bias” when comparing participants of physical exercise to non-participants. Secondly, the problem of endogeneity in variables is addressed by DID, where the COVID-19 pandemic is exogenous to micro-individuals, thus avoiding reverse causality issues. Moreover, DID utilizes a fixed effects model, partially addressing the omitted variable bias problem. Considering these factors, this paper opts for the PSM-DID estimate to evaluate the effect of physical exercise on BADL and IADL among the older adults.

Since the onset of the COVID-19 pandemic in December 2019, it has influenced the physical activity behaviors of the older adults. This study designates individuals who did not participate in physical exercise in 2018 but did in 2022 as the experimental group, and those who did not participate in physical exercise in both 2018 and 2022 as the control group. By using the PSM-DID method, this study seeks to assess the influence of physical exercise on the IADL and BADL of the older adults throughout the COVID-19 pandemic.



2.3.2 Empirical model


2.3.2.1 Baseline model

This study aims to explore the effects of participation in physical exercise on individual IADL and BADL against the backdrop of the pandemic, utilizing the classical DID approach to ascertain the net effects of experimental treatments. The DID estimation model employed in this paper is structured as follows:

[image: Equation showing a statistical model: \( Y_{i,t} = \alpha_0 + \beta_1 post_t \times treat_i + \beta_2 X_{i,t} + \mu_i + \gamma_t + \varepsilon_{i,t} \), where \( i = 1, ..., n \) and \( t = 1, 2 \).]

In Equation 1, the dependent variable [image: Mathematical notation displaying the variable \( Y \) with subscript \( i, t \).] represents the older adults’ IADL or BADL. The core explanatory variable of the model is [image: The image shows the mathematical expression "post sub i" multiplied by "treat sub i."], where [image: The image shows the mathematical expression "post" with a subscript "t".] is set to 0 for observations in the year 2018 and to 1 for the year 2022. [image: Italicized lowercase letters "treat" followed by subscript letter "i."] takes a value of 0 when the individual does not participate in physical exercise and a value of 1 when the individual does participate. The model includes control variables [image: Mathematical notation showing "X" subscript "i, t".]. and incorporates two-way fixed effects: [image: Greek letter mu with a subscript i.] represents individual fixed effects, [image: Greek letter gamma in italic script with a subscript lowercase letter t.] represents time fixed effects, and [image: Mathematical expression displaying a lowercase epsilon with subscript "i, t".] is the error term of the model.

The baseline model in this paper primarily includes control variables such as gender, age, education level, marital status, spouse’s education level, retirement status, number of hospital stays, and comorbid chronic conditions (Table 1).



2.3.2.2 Heterogeneity analysis model

The impact of physical exercise may vary across different age groups. To further explore the heterogeneous effects of physical exercise, this paper establishes Equations 2, 3, using the age of 75 as a dividing line. If there is a difference between the coefficients of Equations 2, 3, it indicates that the effects of physical exercise vary between age groups above and below 75. If there are differences between the coefficients of Equations 2, 3, it suggests that the effects of physical exercise differ between the age groups of “under 75 years old” and “75 years old and above.” To verify these differences, the Fisher combined test and “1,000 bootstrap samples” are employed to evaluate the inter-group coefficient differences between the regression results of the “under 75 years old” and “75 years old and above” age groups.

[image: The image shows an equation: \( Y_{i,t} = \alpha_0 + \beta_1 \text{post}_t * \text{treat}_i + \beta_2 X_{i,t} + \mu_i + \gamma_t + \epsilon_{i,t} \) with a notation indicating that it's applicable for individuals under age 75, where \( i = 1, \ldots, n \) and \( t = 1, 2 \).]

[image: Equation illustrating a statistical model: \( Y_{i,t} = \alpha_0 + \beta_1 post_t * treat_i + \beta_2 X_{i,t} + \mu_i + \gamma_t + \varepsilon_{i,t} \). It is for individuals aged seventy-five or older, where \( i \) ranges from one to \( n \) and \( t \) equals one or two.]



2.3.2.3 Mediating analysis model

Mediation effects refer to the phenomenon where an independent variable not only affects the dependent variable directly but also has an indirect effect through a mediator variable. To further investigate whether there are mediation effects in the pathways through which physical exercise impacts the IADL and BADL of the older adults, this study, drawing on the methodological summaries of mediation analysis by Wen Zhonglin and others (22), establishes Equations 4, 5.

[image: Equation for a retirement variable \( Retirement_{i,t} = \alpha_2 + \beta_3 post_t * treat_i + \beta_4 X_{i,t} + \mu_i + \gamma_t + \varepsilon_{i,t} \), with conditions \( i = 1,...,n \), \( t = 1,2 \). Equation (4).]

[image: Mathematical equation showing \( Y_{i,t} = \alpha_3 + \beta_5 \text{Retirement}_{i,t} + \beta_6 X_{i,t} + \mu_i + \gamma_t + \epsilon_{i,t} \), where \( i = 1, \ldots, n; t = 1, 2 \). Labeled as equation (5).]

In Equation 4, the dependent variable is Retirement, and the explanatory variable is [image: Italicized equation showing "post sub i" multiplied by "treat sub i".]. In Equation 5, the dependent variable is either IADL or BADL, and the explanatory variable is [image: Italicized text showing the variable \( \text{Retirement}_{i,t} \) with subscripts "i" and "t".]. By considering Equations 1, 4, 5 comprehensively, we can test the role of retirement in the impact of physical exercise on the older adults.






3 Results

Table 2 shows the situation of IADL and BADL among older adults who did not participate in physical exercise in 2018, and the difference in IADL and BADL between older adults who participated and did not participate in physical exercise in 2022. The results showed that the IADL and BADL of older adults who participated in physical exercise in 2022 were significantly higher than those who did not participate in physical exercise. The IADL and BADL of older adults who did not participate in physical exercise in 2022 were significantly lower than those who did not participate in physical exercise in 2018.



TABLE 2 Comparison of ADL and differences between individuals who participate in physical activity and those who do not participate in physical activity in 2018 and 2022.
[image: Mean scores and significance levels for participation in physical exercise and non-participation in activity for IADL and BADL. In IADL, 2022 scores for participants are 20.244 and non-participants 19.954, with significant differences in 2022 (<0.001) and between 2018 and 2022 (<0.001). For BADL, 2022 scores are 26.498 for participants and 26.376 for non-participants, with a significant difference in 2022 (<0.05) and between 2018 and 2022 (<0.001). Sample sizes: 2,203 and 4,549 for participants in 2018 and 2022, 9,093 and 6,849 for non-participants in 2018 and 2022.]


3.1 Propensity score matching

In matching the samples, the status of individual participation in physical exercise in 2018 and 2022 was chosen as the subject of analysis. Variables selected for matching included gender, age, educational level, marital status, spouse’s educational level, retirement status, number of hospital stays, and comorbid chronic conditions.

Following the PSM-DID design, Kernel matching was utilized to perform period-by-period matching of the samples, a Logit model was employed to estimate the propensity scores for the samples. Figure 1 displays the differences in control variables before and after matching, indicating a significant reduction in differences between groups post-matching.

[image: Dot plots show standardized percentage bias across covariates for unmatched and matched data in 2018 and 2022. Variables include spouse education, education level, chronic disease status, gender, hospitalization frequency, marital status, age, and retirement. Unmatched data (black dots) display higher bias compared to matched data (crosses). The legend distinguishes between unmatched and matched data.]

FIGURE 1
 Graphical representation of propensity score matching results for IADL and BADL.




3.2 Baseline regression results for the effects of physical activity on ADL in older adults

An additional dummy variable, treated, is introduced to differentiate the experimental group from the control group. For the experimental group identified after PSM (i.e., those whose physical exercise status changed from non-participation to participation), treated = 1; for the control group identified after PSM (i.e., those whose exercise participation status remained unchanged), treated = 0. A time dummy variable is set, with time = 0 for the year 2018 and time = 1 for 2022.

Table 3 reports the regression results using PSM-DID, revealing a significantly positive coefficient for the interaction term. This indicates that physical exercise has a positive effect on the IADL and BADL of older adults during the COVID-19 pandemic, with IADL and BADL scores for participants in physical exercise being higher by 0.189 and 0.119 units, respectively, compared to non-participants. This implies that participating in physical activity during the pandemic period had a positive impact on both IADL and BADL.



TABLE 3 Impact of physical exercise on living abilities: PSM-DID estimation results.
[image: Table comparing results between IADL and BADL with columns labeled (1) and (2), respectively. The t* treated values are 0.189 with triple asterisks and 0.119 with double asterisks, indicating significance levels. Control variables, individual effects, and time effects are marked as "Yes" for both. Constant terms are 20.355 and 26.777, both with triple asterisks. Sample size is 14,589 for both. Values in parentheses are t-statistics, with asterisks denoting significance at 0.1%, 1%, and 5% levels.]



3.3 Age heterogeneity results for the effects of physical activity on ADL in older adults

As age increases, the physical functions of the older adults decline, leading to higher rates of disability, particularly a sharp decrease in self-care abilities among those aged 75 and older. Engaging in appropriate self-care and physical exercise activities can help mitigate the trend of disability in advanced age (23). This paper uses 75 years as a threshold to investigate whether the impact of physical exercise on IADL and BADL differs above and below this age during the pandemic.

The regression results in column (1) of Table 4 indicate that among older adults ‘under 75 years old’, those who engage in physical exercise have an IADL score 0.011 units lower than those who do not, but this effect is not statistically significant. In contrast, for older adults ‘75 years and above’ [column (2) of Table 5], those who engage in physical exercise have an IADL score 0.458 units higher than those who do not, with this effect being significant at the 0.1% level. The regression results in column (3) of Table 4 show that among older adults ‘under 75 years old’, those who engage in physical exercise have a BADL score 0.009 units lower than those who do not, but this effect is not statistically significant. For older adults 75 years and above [column (4) of Table 4], those who engage in physical exercise have a BADL score 0.29 units higher than those who do not, with this effect being significant at the 1% level.



TABLE 4 Heterogeneity analysis.
[image: A table presents statistical results for IADL and BADL, categorized by age groups under and over seventy-five. The t*treated coefficients and significance levels are shown: for IADL, -0.011 for age < 75 and 0.458 with *** for age ≥ 75; for BADL, -0.009 for age < 75 and 0.290 with ** for age ≥ 75. Control variables include individual effects, time effect, and interaction effects of province and year. Constant terms and sample sizes are also displayed. Significance levels are indicated by *, **, and *** for 5%, 1%, and 0.1% respectively.]



TABLE 5 Mechanism analysis.
[image: Table showing the mediating effects of retirement on IADL and BADL. Columns represent different models, with values for t*treated, retirement status, and constant terms. Significance levels are denoted by asterisks. Control, individual, time, and interaction effects are included. Sample size is fourteen thousand five hundred eighty-nine. Values are accompanied by t-statistics.]



3.4 Mechanistic analysis of the effects of physical activity on ADL in older adults

The baseline model demonstrates that engaging in physical exercise leads to a notable increase in IADL and BADL among older adults. This section attempts to further analyze the mechanisms through which physical exercise affects IADL and BADL in the older adults.

Empirical model-based regression results, as shown in columns (1) and (3) of Table 5, indicate that older adults who did not participate in physical exercise in 2018 but did in 2022 reported self-rated health higher by 0.060 units. Furthermore, according to the regression results in column (2) of Table 5, each one-unit increase in self-rated health results in a 0.541 unit increase in IADL. According to the results in column (4) of Table 5, each one-unit increase in self-rated health results in 0.611 units increase in BADL.

When the retirement variable is not included, physical exercise is positively and significantly correlated with both the IADL and BADL of the older adults. When both physical exercise participation and retirement are included simultaneously, the impact coefficients of physical exercise on IADL and BADL increase from 0.189 and 0.119 to 0.196 and 0.123 respectively, and both are significant. The indirect effect of physical exercise on IADL through the nature of retirement is −0.007 (−0.018 × 0.406), which is opposite in sign to the direct effect coefficient (0.196). The indirect effect of physical exercise on BADL through the nature of retirement is −0.004 (−0.018 × 0.216), which is opposite to the direct effect coefficient (0.123). According to methods outlined by scholars regarding mediation and suppressing effects (24), it is evident that the indirect effects of retirement on IADL or BADL are characterized as “suppressing effects,” a type of “mediation effect” also known as inconsistent mediation (25). That is, the masking effect. The effect values are 0.036 = |−0.007/0.196| and 0.033 = |−0.004/0.123| respectively. How to understand this masking effect?

The fitting curves of retirement-IADL and retirement-BADL in Figure 2 show that the slope of the fitting line for older adults who participate in physical exercise is greater than that for those who do not. Compared with older adults who do not participate in physical exercise, retirement has a greater impact on the IADL and BADL of older adults who participate in physical exercise. That is, retirement expands the differences in IADL and BADL between the two groups. Thus, without controlling for the nature of retirement, the differences in IADL and BADL due to physical exercise participation are masked. Once the nature of retirement is controlled, the impact of physical exercise on IADL and BADL is amplified.

[image: Line graphs comparing retirement's impact on IADL and BADL scores. The left graph shows IADL scores increasing with physical exercise and less so without. The right graph shows a similar trend for BADL scores.]

FIGURE 2
 The influence of retirement on IADL and BADL.




3.5 Model robustness test

This section primarily considers the robustness of the baseline regression results. Previous regression models only controlled for individual and annual fixed effects, yielding results that represented merely the additive effects of individual characteristics and time. Given that various provinces and cities have implemented distinct measures for pandemic control, which inherently differ due to regional development conditions, there is an unavoidable omission of external policy influences that vary by region and time. To mitigate the impact of these external policy variables over time, regional-time interaction terms were included in the model. The results, as shown in Table 6, indicate that the coefficient for t*treated remains significantly positive, confirming that the robustness check has been passed.



TABLE 6 Model robustness test results.
[image: Table comparing the effects of a treatment on IADL and BADL. Coefficients for t*treated are 0.331 for IADL and 0.250 for BADL. Control, year, individual, and province-year interaction effects are all included. Constant terms are 21.195 for IADL and 27.355 for BADL. The number of samples is 14,589 for both. Values in parentheses represent t-statistics, with significance levels indicated by asterisks.]




4 Discussion

The current investigation reveals three critical findings regarding the relationship between physical exercise and ADL in older adults during the COVID-19 pandemic. First, during the pandemic, engagement in physical exercise demonstrated a statistically significant positive impact on both IADL and BADL. Secondly, heterogeneity in these effects was observed around the age of 75 years. Specifically, for individuals aged 75 years and above, participation in physical exercise exerted a significant positive impact on both IADL and BADL. In contrast, among those under 75 years of age, no significant effects of physical exercise on IADL or BADL were detected. Thirdly, retirement status emerged as a significant masking variable that amplifies observed differences in ADL outcomes when controlled analytically. These findings align with and extend previous research across multiple disciplines while introducing novel insights into pandemic-specific geriatric health dynamics.

Our results demonstrate that participating in physical exercise during the pandemic can improve IADL and BADL in older adults. A study that shares our viewpoint documented a 27% reduction in ADL dependency through structured exercise interventions during pandemic restrictions, particularly emphasizing the preservation of lower-limb strength (26). During the COVID-19 pandemic, most older adults reported an increase in sedentary behavior due to limitations on leaving their home and increased free time to pursue seated hobbies (e.g., reading, knitting, tv) (27). Those who adapted their routines to include home-based exercises or virtual classes reported better maintenance of their functional abilities compared to those who remained sedentary (28). Notably, one study confirms that blockades appear to primarily affect the mental health of older adults (29), which may be a result of social distance and isolation (30). An 8-year longitudinal study involving 14,589 older adults individuals in China found that regular physical exercise effectively improved the IADL and alleviated depressive symptoms in the older adults (31). During the pandemic lockdown period, physical exercise can also have a positive contribution by alleviating anxiety symptoms in older adults (32). Participation in physical exercise can divert the attention of older adults and improve cognitive function (33). Physical health, cognitive function, and depression can all affect the ADL of older adults (34). In addition, physical exercise has a positive effect on the cardiovascular and respiratory systems (35), which can better improve the resistance to COVID-19. Therefore, participating in physical exercise during the epidemic can also improve the IADL and BADL of the older adults.

Moreover, the positive impact of physical exercise on IADL and BADL is pronounced in individuals aged 75 and over during the pandemic. In contrast, among those under 75 years of age, no significant effects of physical exercise on IADL or BADL were detected. A longitudinal study on the older adults showed that age is associated with an exacerbation of functional decline, and this age-related decline becomes more pronounced with increasing adversity (36). In 2020, the older adults experienced the COVID-19 pandemic, which exacerbated their functional decline. The older they were, the more obvious the functional decline became. Physical exercise can enhance physical health and slow down functional decline. However, as they age, the older adults gradually reduce their daily physical activities (37), and reported that the older old were more sedentary than the younger old (38). Therefore, compared with the older adults under 75 years old, those 75 years old and above engage in less daily physical activities and rely more on physical exercise to improve their IADL and BADL.

Retirement exerts a masking effect on the impact of physical exercise on the IADL and BADL of the older adults. This masking effect is manifested in the fact that, compared with the older adults who do not engage in physical exercise, retirement has a greater impact on the IADL and BADL of those who do. Retirement is negatively correlated with the IADL and BADL of the older adults. A longitudinal study indicates that complete retirement leads to a 5–16 percent increase in difficulties associated with mobility and daily activities, over an average post-retirement period of 6 years (39). Secondly, after retirement, due to the lack of physical and cognitive activities brought about by work, the muscle strength and cognitive function of the older adults may decline more rapidly (40). This could also be an important factor contributing to the decline in the IADL and BADL of the older adults. However, the impact of retirement appears to be more pronounced among older adults who engage in regular physical exercise compared to those who do not participate in such activities. This phenomenon can be explained by the “survivor effect,” which means that individuals with poor health may be excluded from the survey due to older adults death or serious illness, resulting in the survivor group showing a better state (41). Especially during the COVID-19 pandemic, the older adults are at a higher risk of severe illness and death when infected with the virus (7), so this “survivor effect” is more prominent. Older adults who do not engage in physical exercise are more likely to die due to their lower initial health levels, while the surviving individuals have higher health levels. As a result, retirement has a relatively greater negative impact on the IADL and BADL of older adults who participate in physical exercise.

ADL in the older adults are not static but highly dynamic and diverse, and they can show a degree of reversibility. This means that even those with disabilities might remain independent ADL capabilities (42). Consistent with the findings of this study, most research has demonstrated that physical exercise enhances ADL in the older adults (11, 12, 43). There exists a “dose–response” relationship between exercise and ADL, suggesting that moderate-intensity physical exercise lasting 31 to 59 min per session, three to five times a week, over a period of 6 months or more, is particularly beneficial for enhancing daily living skills (44). The “Physical Activity Guidelines for Americans” recommend that older adults engage in various types of physical activities, including balance training, and aerobic and muscle-strengthening activities, to maintain or improve ADL (45). A lack of aerobic and muscle-strengthening activities can lead to a decline in ADL (46).

Although extensive research has evaluated the impact of physical exercise on older adults ADL, few studies have focused on the role of physical exercise under the constraints of the COVID-19 pandemic. The PSM-DID approach provides robust control for pandemic-specific confounders, addressing limitations in prior observational studies. However several limitations of this study should be acknowledged. First, it did not control for other potential psychological and physiological factors that could affect IADL and BADL. Large-scale surveys have often lacked comprehensive data on physical exercise, such as its intensity, duration, and frequency. Second, the data structure consisted of unbalanced panel data, which may lead to estimation biases due to missing data or an insufficient number of observations. Last, the assessment method for the dependent variables, IADL and BADL, which relied on self-reported questionnaires completed by older adults participants rather than clinical diagnoses, possibly leading to inaccuracies in these assessments. Future research could improve the reliability of findings by incorporating psychological and physiological variables, refining details related to physical exercise, employing balanced panel data, and optimizing methods for evaluating IADL and BADL. Additionally, this study focuses on Chinese older adults. Due to differences in national epidemic control measures and ethnic diversity, the findings may not be generalizable to all older adults populations, particularly those in Western countries. Future research could extend investigations to other countries or ethnic groups.



5 Conclusion

Our study employed a PSM-DID model to examine the effects of physical exercise on older adults’ IADL and BADL during the pandemic. During the pandemic, physical exercise still has a positive impact on the IADL and BADL of the older adults. The older adults aged 75 and above are more reliant on physical exercise to improve their IADL and BADL. Retirement amplifies the impact of physical exercise on the IADL and BADL of the older adults. Due to the survivor effect, the relative negative effect of retirement on the IADL and BADL of the older adults who engage in physical exercise is more pronounced.

During the pandemic, the older adults should still engage in physical exercise to improve their activities of daily living, especially those aged 75 and above, as well as retirees. Considering the special nature of the pandemic, first of all, home-based exercises should be encouraged, and online instructional courses should be provided. Secondly, when doing outdoor activities, it is recommended to choose periods with fewer people and open spaces, maintain social distancing, and wear protective gear. At the same time, mental health care should be emphasized. The older adults should be encouraged to maintain social interactions through video calls, and cognitive training should be combined with physical exercise.
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Age 60-69 182 5275%

70-79 136 39.42%

280 27 783%
Gender Male 164 147.54%

Female 181 5246%
Residence Rural 177 51.30%
type Urban 168 4870%
Education Uneducated (years of 25 65.22%
level

Educated (years of 120 34.78%

education7)
Marital status | In marriage 264 7652%

Notin marriage 81 23.48%

(including unmarried,

divorced and widowed)
Numberof | <1 ) 2000%
children >2 276 80.00%
Chronic Without chronic diseases 16 33.62%
R With chronic diseases 29 6638%
Living Difficult 31 899%
standards Common 199 57.68%

Affluent 15 33.33%
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Group Score (Mean + SD) t/F value p-value
Outpatient 207 157.8123.21 14779.50° 0,045
Group
Inpatient 155 169.11435.65
Male 163 1512122899 19162.50° 0,037
Gender
Female 209 156.51+29.43
60~ 135 150032592 13715 0.001
Age 70~ 165 1535142811
80~ 72 164783526
Unmarried 4 14375+ 13.81 2269 0519
Married 289 155.0627.81
Marital status
Divorced 7 159.71447.31
Widowed 7 151.56£33.510
Primary school and below 108 150.72£29.59 s.101° 0.277
Junior high school 109 157.74+27.76
High school or technical
Education level 88 152423060
school
College or undergraduate 62 155503021
Postgraduate and above 5 146201697
Below 1,000 57 157.33423.17 0.982" 0417
1,001-2000 53 1518722892
Monthly personal income 2001-3,000 99 1527143240
3,001-4,000 78 150.85+29.15
Above 4,000 85 158.31429.63
Below 2000 46 152242501 0742 0.564
2001-3,000 I 15091437.41
Monthly per capita
il 3,001-4,000 69 1550123177
household income
4,001-5,000 67 150.78£29.50
Above 5,000 147 1569242661
Spouse and children 100 155.74+27.50 520" 0.265
Spouse 154 155.29+2627
Living arrangement Children 7 169.51430.87
Livingalone 38 156.95+37.47
Other 9 163334539
Yes 61 1502143157 8787.000" 0.360
Smoking
No Bl 15496+ 28.85
Yes 6 152702952 10073.000° 0,635
Alcohol consumption
No 303 1545242932
1-2 diseases 160 1545242787 030" 0740
Type of chronic disease | 3-4 diseases 210 1537943053
5 or more diseases 2 149.50+16.36

‘Univariate analysis performed using t-test.
“Univariate analysis performed using analysis of variance.
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Effect type Effect value ISE 95%Cl Mediating effect
Total efect ~0.18 0.03 ~0.20~-0.16
Direct effect 015 0.03 ~0.16~-009 8333%

Indirect effect -0.03 001 ~0.08~-001 16.67%
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Total efect ~0.19 0.03 ~0.25~-0.16
Direct effect ~017 0.02 ~0.23~-008 89.47%

Indirect effect -0.02 001 ~0.09~-005 10.53%
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Depression

Inter —0.521%%* (0.167)

Chat ~0.565%%* (0.174)

chat_m —~0.837*%% (0.203)

Pay ~ 115857 (0.204)
Age ~0047%%% (0.013) ~0.047%%% (~0.013) ~0.0447%% (0.012) ~0048%7 (0.012)
Edu ~0064%** (0.017) ~0.064%% (0.017) ~0.063°%* (0.017) ~0057%%* (0.017)
Gender —1187%%% (0.134) — 11934 (0.134) ~1.200°%% (0.134) —1178%% (0.133)
Spou =1.144*%* (0.170) —1.147%** (0.170) —1.140%** (0.170) =1.152*** (0.170)
ADL 0,631 (~0.059) 0.630"** (~0.059) 0.631%** (~0.059) 0.630%%* (~0.059)
IADL 031175 (0.034) 0.311%%% (=0.034) 0.311%%% (~0.034) 0.310%%* (~0.034)
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Res ~0.468"% (0.186) ~0471%* (0.186) ~0.463% (0.184) ~0457%* (0.183)
In Yes Yes Yes Yes

Cons 8.135°%% (0935) 8.115%% (0931) 8213+ (0920) 7.960%** (0.916)
N 9321 9,321 9,321 9321
Adjust R 0.156 0156 0.156 0.157

Robust standard errors in parentheses. ***p <0.01, **p<0.05, *p<0.1.





OPS/images/fpubh-12-1460558/fpubh-12-1460558-t003.jpg
Depress

Non-disabled older adults

Disabled older adults

Inter —0.606%** (0.171)
Chat
chat_m

Pay

Control Yes

variables

Cons —4.998%%% (1.326)

N 7.351

Adjust R? 0.148

2)

~0.611%%* (0.176)

—5.038*** (1.325)

7,351

0.148

(3) 4)
0.106 (0.467)
—~0.732%%(0.202)
~0.988%+%
(0.203)
Yes Yes Yes
Ssanme a0 e
(1314) (1.752)
7351 7351 2201
0.148 0.149 0083

Robust standard errors in parentheses. **%p<0.01, **p <0.05, *p<0.1. The control variables are consistent with Table 1.

(6)

0.060 (0.504)

146+

(1.750)
2201
0083

7)

—0.998 (0.713)

15,05+
(1.703)

2201

0.083

~1540%%
(0.773)

Yes

15.4%4% (1.733)

2201

0.083





OPS/images/fpubh-12-1460558/fpubh-12-1460558-t004.jpg
Inter

Chat

chat_m

Pay

Control

variables
Cons

N

Adjust R?

Depress

Primary school and below

(2) (3)
~0.222 (0.226)
~0.196 (0243)
~0.883%+%
(0328)

—1281%5%

(0.345)

Yes Yes Yes Yes

9.413%%% 9351+ 95024+ 9.579%%%

(1.095) (1.090) 1.077) (1.076)

6878 6878 6878 6878

ons ons 0118 ony

0,659
(0.247)

Yes

5196+
(1.841)

2443

0190

Robust standard errors in parentheses. **%p<0.01, **p <0.05, *p<0.1. The control variables are consistent with Table 1.

Junior high school and above
(6) 7)

—0.700%%
(0.247)
~0535%+
(0.258)
Yes Yes
5304445 45894+
(1.840) (1.793)
2443 2443
0.190 0.189

~0.756%+%
(0.254)

Yes

5.088%4%
(1.818)

2443

0.190





OPS/images/fpubh-12-1403196/fpubh-12-1403196-t003.jpg
ity pattern CMS DEF DC EOE ocC
Malignancy tumor 0918 0.997 0809 0.943 0.965 0876
Cerebral infarction + hypertension 0972 0983 0716 0986 0675 085
Ischemic heart disease + hypertension 0.867 0812 o7 0645 0334 0611
Lens disease + hypertension 0915 0.904 0921 0.809 0591 0834
Kidney disease + hypertension 0915 1 0957 0.98 0845 0939
Non-specific comorbidity 0.968 0909 0918 0724 0.508 0681
R 0926 0934 0.838 0.848 0,653 0799
Rank 2 1 4 3 6 5

The numbers in the table are relatedness (R), which denotes the intrinsic link between the total medical cost and the sub-costs in different co-morbidity patterns. 0 <R <0.35 is considered as
weak correlation, 035 < R<0.65 s considered as medium correlation, and 0.65 < R< 1 is considered as strong correlation. CMS, Comprehensive medical services; DEF, Diagnostc examination
fee; TC, Treatment cost; DC, Drug costs; COC, Cost of consumables; OC, Other costs; R, Relatedness.
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ity pattern CMs DEF DC coc ocC
Malignancy tumor 0.796 0529 0378 0339 0359 0.997
Cerebral infarction + hypertension 0912 0.808 065 0.644 0.688 0693
Ischemic heart disease + hypertension 0.968 0.748 0629 0632 0.627 0675
Lens disease + hypertension 1 0.957 0923 0922 0.923 0.869
Kidney disease + hypertension 0978 0918 0833 0836 0.834 0856
Non-specific comorbidity 0.884 0.798 0363 0398 0377 0487
Nutritional metabolism disorder + hypertension 096 0927 0846 0822 0.843 0.669
Chronic lower respiratory tract disease-+ malignant tumors 0924 0.863 0671 0.798 0.749 0939
Gastrointestinal diseases 0992 0.965 0965 0922 0.936 0918
R 0927 0.844 0733 0.736 0.739 082
Rank 1 2 6 5 4 3

The numbers in the table are relatedness (R), which denotes the intrinsic link between the total medical cost and the sub-costs in different co-morbidity patterns. 0 <R <0.35 is considered as
weak correlation, 035 < R<0.65 s considered as medium correlation, and 0.65 < R< 1 s considered as strong correlation. CMS, Comprehensive medical services; DEF, Diagnostc examination
fee; TC, Treatment cost; DC, Drug costs; COC, Cost of consumables; OC, Other costs; R, Relatedness.
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Characteristics 2013 (N =20,218) 2023 (N =63,517)

N Percentage (%) N Percentage (%)

Age (years) at admission

45~ 2715 1343 4,552 717
50~ 6218 3075 17,792 2801
60~ 6527 3228 21,033 331
70~ 3,670 1815 15,629 2461
280 1,088 538 4510 7.10

Sex
Men 10,287 50,88 33,236 5233
‘Women 9,931 49.12 30,280 47.67

Health insurance type at admission

UEBMI 14,294 7070 27,724 4365
URBMI 4756 2352 34263 5394
TSP 1,061 525 1449 228
eV 107 053 80 013

Spouse
No 506 250 3874 610
Yes 19712 9750 59,643 9390

Length of stay (day) 000 0.00
15 3518 1755 27,218 4290
6-10 6382 3157 19,936 3139
>10 10,288 5089 16,332 2571

Surgery
No 18,268 9036 51275 8073
Yes 1,950 9.64 12,241 1927

Residential type
Rural 2803 1386 35,137 5532
Urban 17415 86.14 28379 4468

“N and percentages were based on study samples (unweighted). UEBMI, Urban employee basic medical insurance; URBMI, Urban resident basic medical insurance; TSP, Tota self-paying;
and CMI, Commercial medical insurance.
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Multimorbidity pattern 2013 2023

Medical cost Medical cost

Malignancy tumor 6,636 3282 7555.55 (5064.56, 12344.32) 25,120 39.55 7549.195 (4392.61-17379.5)
Non-specific comorbidity 6453 3192 883456(5490351,1591569) 7134 | 1123 | 7966925 (4683.19-12854.59)
Ischemic heart disease + hypertension 4,308 2131 851871 (5512.806, 14332.28) 6,620 1042 8259.915 (5516.79-17840.80)
Cerebral infarction + hypertension 1,666 824 8274.02 (5380.695,13793.59) 7,084 1115 8214.42 (5502.2-14,022)
Kidney disease + hypertension 653 323 7774.69 (5229.443, 12243.52) 3,072 484 6688.455 (4387.305-10563.02)
Lens disease + hypertension 502 | 248 | 1055736 (8097.176,186175) 3223 507 5819.56 (5519.485,6205.78)
Nutritional metabolism disorder + hypertension 4,269 672 5540.15 (4310.3-7839.17)
Chronic lower respiratory tract disease + malignant tumors 3921 6.17 7850.74 (4958.73-15127.74)
Gastrointestinal diseases 3073 481 6195.78 (4803.17, 7789.22)

The LCA yields sx potentialcategories in 2013 and nine potential categories in 2023, and the table s sorted according o the high percentage of potentialcategories in 2013, with medical costs

expressed using median (IQR).
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#p < 0.05, **p < 0.01, **%p < 0.001; ICC, Intraclass correlation coefficient.
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Years 2018 (N=5,101) 2019 (N =2,843)

Fixed effects Model 1 Model 2 Model 1 Model 2
Var. Beta SE Beta Beta GE Beta

Individual level (Level 1)

Intercept —149¥ 035 —L51 035 —131 033 ~1.6675% 033
Gender 0364+ 0.09 ~0.36+ 009 -022 0.16 -0.22 0.16
Age 0.07%%% 001 007+ 001 006+ 0.01 0,06+ 0.01
Education 01475 0.04 ~0.13%%+ 004 ~0.14%% 0.06 ~0.12¢ 0.06
Marital status 0.01 0.08 0.02 008 ~031%H o1 —0315% 011
Income ~0.03+* 002 004+ 002 ~001 0.02 -0.12 0.02
Self-rated health =011 0.04 ~0.11% 004 ~0.367% 0.06 ~035%5% 0.06
Chronic disease 01 007 01 007 033 01 03475 01

Community level (Level 2)

Local Extinction Index 1855+ 039 2330 0.62
Random effects Var SD Var SD Var SD Vai

Regional Index 04784 06916 04874 0.6981 03489 05906 04154 06445
AlC 54062 5385.4 27414 27295

BIC 5465 54507 27944 27890

*p < 0.05, **p < 0.01, ***p < 0.001, AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.
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SE 95%C

LLCI
Totaleflect | -0.194 0011  —17.894 0000 —0215  —0.173
Directeffect 0178 0010 | -17.142 | 0000 = -0199 = -0.158
Indirect
~0016 0,004 - - -0024b  —0008°
effect

CI, Confidence Interval; LLCI, Lower Limit Confidence Interval; SE, Standard Error; ULCL,
Upper Limit Confidence Limit Interval. *Bootstrap standard error. "BootLLCL. ‘BootULCL.
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Variables ADL BADL IADL

Normal Disability Normal Disability Normal Disability
Gender 210887+ 6485 50048+
Male 39849517%) | 202(4.83%) 40599697%) | 127(3.03%) 38710247%) | 315(7.53%)
Female 385702.78%) | 300(7.22%) 39889593%) | 169(407%) 364067.56%) | S17(1244%)
Age 97.4497% 2851200 136700%*
60-69 52659554%) | 246(4.46%) 535897.22%) | 153(278%) S0879231%) | 424(7.69%)
70-79 22010198%)  192(302%) 22749500%) | 119(497%) 2086(67.17%) | 3071283%)
280 375(85.42%) 64014.58%) 41594.53%) 24(5.47%) 338(76.99%) 10123.01%)
Residence 2634 3312 126284
Maincityzone | 2763(0456%) | 159(5.44%) 2833(96.95%) 89(3.05%) 26770162%) | 245(3.38%)
Townorother | 5078(93.67%) | 33(633%) 5214096.18%) | 207(3.82%) 48348917%) | 587(10.83%)
Marital status 1978 3686 6801+
p':r'mi:'"h T son0aew) | sesesm) 60769667%) | 209(333%) SE89(9052%) | 596(9.48%)
Living alone 192103.34%)  137(6.66%) 1917(95.77%) 87(4.23%) 1822(88.53%) | 236(11.47%)
Self-rated health 718880+ 391905+ 8245385
Very good 863(98.97%) 9(1.03%) 869(99.66%) 3(0.34%) 648(97.36%) 23(2.64%)
Good 939(98.22%) 1701.78%) 916(98.95%) 1001.05%) 912(95.40%) 4(460%)
Fair 409707.34%) | 112(266%) 4139(98.34%) 70(1.66%) 39830463%) | 226(337%)
Poor LS01(88.14%)  202(1086%) 158200289%) | 12107.1%) 1390(81.62%) | 313(18.38%)
Very poor 441(73.13%) 162(26.87%) 511(64.74%) 92(15.26%) 76252 | 226(37.48%)
History of flls 1733650+ 175.185%+% 1530420+
Yes 1L330(86.76%)  2031324%) 139200080%)  14109.20%) 1209(8147%) | 284(18.53%)
No 65110561%) | 299(439%) 665507.72%) | 155(228%) 626209195%) | 548(3.05%)
Internet usage 59.010%+ 27.3200% 79,8100+
Yes 2,008(97.48%) 52(252%) 2025(98.30%) 35(1.70%) 1960(95.15%) | 100(4.85%)
No S8330284%) | 450(7.16%) 602209585%) | 261(4.15%) 5S51(8835%) | 731(1165%)

#p<0.05, **p<0.01, **p < 0.001.





OPS/images/fpubh-12-1393530/fpubh-12-1393530-t003.jpg
Variables Depressive symptoms

No depressive symptom Depressive symptom
Gender 251.048 0.000
Male 2,824(67.46%) 1,362(32.54%)
Female 2,095(50.40%) 2,062(49.60%)
Age 8273 0016
60-69 3,299(59.86%) 2,212(40.14%)
70-79 1,353(56.54%) 1,040(43.46%)
280 267(60.82%) 172(39.18%)
Residence 153089 0.000
Main city zone 1,988(68.04%) 934(31.96%)
Town or other 2,931(54.07%) 2,490(45.93%)
Marital status 90,630 0.000
Living together with a partner 3,890(61.89%) 2,395(38.11%)
Living alone 1,029(50.00%) 1,029(50.00%)
Self-rated health 939.887 0.000
Very good 718(82.34%) 154(17.66%)
Good 756(79.08%) 200(20.92%)
Fair 2,625(62.37%) 1,584(37.63%)
Poor 672(39.46%) 1,031(60.54%)
Very poor 148(24.54%) 455(75.46%)
History of falls 194781 0,000
Yes 661(43.12%) 872(56.88%)
No 4,258(62.53%) 2,552(37.47%)
Internet usage 159.162 0.000
Yes 1459(70.83%) 601(29.17%)

No 3.460(55.07%) 2,823(44.93%)
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1.ADL
2.Life
satisfaction
3. Depressive
symptoms

*P<00L.

Score  Mean

range
18-84 8142 622 1
1-5 330 078 01295
0-30 921 656 —0313%%

~0.360*
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\ELELIES

Model 1

Model 3

Constant
Gender

Age

Self-rated health
History of falls
Internet usage
ADL

Life satisfaction
R

F

—L444

1781

0194

15219%%%
14.156%%%
—3.559%%
20,8450+
—8.654%%*
119175%%

—17.874% %%

0236

428.297%%%

0.081

~0.184

0113

0020

0.007

Model 2
20690+ 2941
1250 1844
5.668%4 ~0210
—21624%5% 1546
52174 ~1190
1032 1825
4979+ ~0178
—2214
0079
119,622

0301

511.726%%*

21,6657+
15.177%%%
~1.989%
23.947%%%
7,444
12771%%%
—17.142%8%

—27.821%%¢

*P<0.05; ***P<0.001. Model 1,ADL predict depressive symptoms; Model 2, ADL predict life satisfaction; Model 3, ADL and life satisfaction jointly predict depression symptoms.
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Participants enrolled in CHARLS 2020
(1=19.395)

Eligible sample in CHARLS 2020
(1=19.367)

Exclusions
Two database IDs do not match.
(1=28)

Eligible sample in CHARLS 2020
(n=10638)

Exclusions
Respondents aged <60 years
(n=8729)

Eligible sample in CHARLS 2020
(n=8365)

Exclusions
Incomplete information on depression
73)

(n=:

Eligible sample in CHARLS 2020
(n=8343)

Exclusions
Missing information on fall history
(=22)
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ADL Depressive symptoms
c=-0.194*++
Life satisfaction
a=0.007+** b=2.244%++
ADL Depressive symptoms
0.178*+*
BADL Depressive symptoms
#=0.448%*+
Life satisfaction
#4=0.023°¢ bP=2235%00
BADL Depressive symptoms
*m0.39704¢
IADL Depressive symptoms
c8=0246%**
Life satisfaction
#=0007*** HRa2 263000
IADL Depressive symptoms

.230%**
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Variables N(%) Mean(SD)

Depressive symptoms 3,424(41.04%) 9.21(6.56)
ADL 81.42(6.22)
Normal 7,841(93.58%)
Disability 502(6.02%)
BADL 41.18(2.41)
Normal 8,047(96.45%)
Disability 296(3.55%)
IADL 40.25(4.40)
Normal 7,511(90.03%)
Disability 832(9.97%)
Life satisfaction 330(7.76)
Gender
Male 4,186(50.17%)
Female 4157(49.83%)
Age 67.96(6.02)
60-69 5,511(66.06%)
70-79 2,393(28.68%)
>80 439(5.26%)
Residence
Main city zone 2,922(35.02%)
Town or other 5.421(64.98%)
Marital status
Living together with a partner 6,285(75.33%)
Living alone 2,058(24.67%)

Self-rated health

Very good 872(10.45%)
Good 956(11.46%)
Fair 4,209(50.45%)
Poor 1,703(20.41%)
Very poor 603(7.23%)
History of falls

Yes 1,533(18.37%)
No 6,810(81.63%)

Internet usage
Yes 2,060(24.69%)

No 6,283(75.31%)
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Characteristics

Age (years)

45~

Women
Health insurance type
UEBMI
URBMI
TSP
CMI
Spouse
No
Yes
Length of stay (day)
15
6-10
>10
Surgery
No
Yes
Residential type
Rural
Urban
Multimorbidity pattern
One disease
Malignancy tumor
Non-specific comorbidity
Ischemic heart disease + hypertension
Cerebral infarction + hypertension
Kidney disease + hypertension
Lens disease + hypertension
Nutritional metabolism disorder + hypertension
Chronic lower respiratory tract disease + malignant tumors

Gastrointestinal diseases

875(32.23)
1,702(27.37)
1,492 (22.86)
779 (21.23)

206 (18.93)

2,206 (21.44)

2,848 (28.68)

3,490 (24.42)
1,261 (26.51)
291(27.42)

12(11.21)

144 (28.45)

4910 (24.91)

2,267 (63.89)
2,197 (34.42)

590 (5.73)

5,037 (27.57)

17 (087)

809 (28.86)
4,245 (24.37)

346125 (21.30)
1,726 (26.01)
1,406 (21.85)
930 (21.60)
378.88 (22.74)

160 (24.50)
49.(9.89)

682(25.12)
1,562 (25.12)
1611 (24.68)
950 (25.89)

248 (2279)

2373 (23.07)
2,680 (26.99)

3,786 (26.49)
1,026 (21.57)
216(20.36)

25(23.36)

138(27.27)

4915 (24.93)

821 (23.14)
2,107 (33.01)

2,125 (20.66)

4,865 (26.63)

188 (9.64)

671 (23.94)

4,382 (25.16)

373.75(23)
1,673 (25.22)
1,351 (2099)
984 (2291)
397 (23.85)
167 (25.63)

74 (14.84)

2013 (N, %)

Q3

543 (20)
1,439 (23.14)
1,714 (26.26)
1,033 (28.15)

328 (30.15)

2,601 (25.28)

2,456 (24.73)

3,684 (25.77)
1,081 (22.73)
252(23.75)

40 (37.38)

126 (24.9)

4,931 (25.02)

338(9.53)
1,597 (25.02)
3,122 (30.35)

4,335 (23.73)

722 (37.03)

618(22.05)
4,439 (25.49)

4225 26)
1,429 (21.54)
1,501 (23.33)
1,028 (23.89)
379 (22.8)
145 (22.25)
170 (33.89)

615 (22.65)
1,515 (24.36)
1710(26.2)
908 (24.74)

306 (28.13)

3,107 (30.2)

1,947 (19.61)

3,334(23.32)

1,388 (29.18)
302 (28.46)
30 (28.04)

98 (19.37)

4,936 (25.14)

122 (344)
481 (7.54)

4451 (43.26)

4,031 (22.07)

1,023 (52.46)

705 (25.15)

4,349 (24.97)

471(29)
1,274 (19.19)
1,692 (26.3)
1015 (23.57)
376 (2258)
128 (19.58)

167 (33.21)

<0001

<0001

<0001

<0001

<0001

<0001

<0001

<0001

1,307 (28.71)
4,888 (27.47)
5,168 (24.57)
3,442 (22.02)

1,074 (23.81)

7,952 (23.93)

7,927 (26.18)

6,765 (24.4)
8272 (24.14)
826 (57)

16 (20)

701 (18.1)

15,178 (25.45)

11,103 (40.75)
4,098 (20.56)
678 (4.15)

15,773 (30.76)

106 (0.87)

8,844 (25.17)

7,035 (24.79)

3919 (26.43)
5518 (28.67)
1431 (26.18)
992(19.55)
972(17.91)
705 (29.95)
108 (4.37)
1,149 (35.14)
700 (23.31)

592(25.12)

1,032 (22.67)
4,058 (22.81)
5,210 (24.77)
4,266 (27.3)

1,313 (29.11)

7,892 (23.75)

7,987 (26.38)

7,785 (28.08)
7,852 (2292)
221(15.25)

21(26.25)

1216 (31.4)

14,663 (24.58)

8,938 (32.8)
5,221 (26.19)
1,720 (10.53)

12,929 (25.22)

2,950 (24.1)

9,484 (26.99)
6,395 (22.53)

5,923 (39.94)
3,561 (18.5)
988 (18.07)
920 (18.13)
1,225 (2256)
562 (23.89)

2,194 (88.83)
1,125 (3439)
647 (21.53)

947 (40.22)

2023 (N, %)
Q3

1,077 (23.66)
4,250 (23.89)
5328 (25.33)
4,077 (26.09)

1,147 (25.43)

8,520 (25.63)

7,359 (24.3)

6,890 (24.85)
8,760 (25.57)
209 (14.42)
20(25)

1,001 (25.85)

14,878 (24.95)

5016 (18.41)
6,740 (33.81)
4123 (25.24)

13,908 (27.12)
1,971 (16.1)

8,740 (24.87)

7,139 (25.16)

2984 (20.12)
4137 (21.49)
1,769 (32.35)
1,431(28.22)
1,797 (33.1)
693 (29.46)
143 (5.77)
687 (2099)
808 (26.88)
703 (29.87)

1,136 (24.96)
4,596 (25.83)
5327 (25.33)
3,844 (24.6)

976 (21.64)

8,872 (26.69)

7,007 (23.14)

6,284 (22.67)
9,379 (27.37)
193(1332)
23(28.75)

955 (24.66)

14,924 (25.02)

2,191 (8.04)
3,877 (19.45)

9811 (60.07)

8,665 (16.9)

7,214 (58.93)

8,069 (22.96)
7,810 (27.52)

2,004 (13.51)
6,033 (31.34)
1279 (23.4)
1730 (34.11)
1,434 (26.43)
393 (16.7)
25(1.02)
310 (9.49)
850 (28.28)

113 (478)

<0.001

<0.001

<0.001

0017

<0.001

<0.001

<0.001

<0.001

Using 2023 costs as a benchmark, we standardized 2013 costs using the Consumer Price Index (CPI). In addition, inpatient costs were categorized into four quartiles (0-25, 25-50, 50-75, and 75-100%), e, the cost range in 2013 was categorized as less than RMB
5364.12 (Q1), 5364.12-8,303.73 (Q2), 8303.73-14027.74 (Q3), and greater than 14027.74 (Q4), and the cost range for 2023 s categorized as below RMB4810.43 (Q1), 4810.43-7121.03 (Q2), 7121.03-13479.75 (Q3), and greater than 13479.75 (Q4).
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Formal care Informal care Home care stical value 2
Sex [n (%)] 0.36 0835
Male 42 (44.21) 205 (42.89) 22(39.29)
Female 53 (55.79) 273 (57.11) 34/(60.71)
Age(F£5) 89.26+9.82 90354973 93294945 691 0,032
Residence [ (%)] 107.44 <0.001%*
City/town 86 (90.53) 185 (38.70) 45 (80.36)
Rural 9(947) 293(61.30) 11(19.64)
Number of children (% 5) 264176 383£176 3542174 3586 <0.001+%
Education (years) (¥ ) 64441292 301540 8.17£1241 3536 <0001
Disability [ (%)) 3161 <0.0017*
Mild disability 17(17.89) 183 (38.28) 13(23.21)
Moderate disability 12(1263) 105 (21.97) 13(23.21)
Severe disability 66 (69.47) 190 (39.75) 30 (53.57)
Community services [ 1485 0.001%
(%)]
No 34(35.79) 274(57.32) 29(5179)
Yes. 61(64.21) 204 (42.68) 27 (48.21)
Retirement pension (1 (%)) 6148 <0.001%
No 33 (34.74) 326 (68.20) 16 (28.57)
Yes 62 (65.26) 152 (31.80) 40(7143)
Pension funds [ (%)] 3.16 0.164
No 75 (78.95) 347 (72.59) 46 (82.14)
Yes 20 (21.05) 131 (27.41) 10 (17.86)
Pension insurance [ (%)) 397 0137
No 75 (78.95) 345 (72.18) 46 (82.14)
Yes 20 (21.05) 133 (27.82) 10 (17.86)
Marital status [ (%)] 2637 <0.001%
Married and living with 10(10.53) 156 (32.64) 7(12.50)

their spouse

Other marital status. 85 (89.47) 322(67.36) 49 (87.50)

Medical insurance [1 (%)) 192 0.003*
No 29(3053) 79(16.53) 15.(2679)
Yes 66 (69.47) 399 (83.47) 41(73.21)

Living standard (self- 3724072 383075 393£081 348 0175

evaluated) (¥ +5)
Health status (self- 298064 286+0.86 293076 230 0316
evaluated) (¥ £ 5)

P <0.05; **p <0.01; P, p-value; community services: various forms of support and assistance provided in the residential communities, including healthcare, daiy living aid and social
activities; etirement pension/fund: income afier retirement; pension insurance: expenditure for income after retirement. Other marita situations include widowhood, divorce, and being
married but not cohabiting; self-rated quality of life and self-rated health scores are converted from very poor, paor, fair, good, very good according to the Likert 5-point rating scale.
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Variables i SH OR (95%Cl)

Formal care
Number of children -035 0.08 -429 <0.001% 0.70 (0.60, 0.82)
Education 003 0.02 199 0.046* 1.03 (1.00, 1.07)

Residence (Compared with Rural Areas)
City/Town 229 041 5.54 <0.001%* 9.92 (4.40,22.37)
Marital status (Compared with other marital status)
Married and living with their =172 038 —4.54 <0.001%% 0.18 (0.09, 0.38)
spouse
Medical insurance (Compared with no medical insurance)
Yes =061 031 =200 0.045* 0.54(0.30,0.99)
Retirement pension (Compared with no retirement pension)
Yes 024 031 078 0433 1.27(070,232)

Community services (Compared with no community services)

Yes 089 027 332 0.001% 244 (1.44,4.12)
Home care
Number of children ~0.04 0.09 -045 0065 0.96 (0.80, 1.15)
Education 005 0.02 306 0.002* 1.05 (1.02, 1.08)

Residence (Compared with Rural Areas)
City/Town L1 0.43 2.60 <0.001%* 3.05(1.31,7.07)
Marital status (Compared with other marital status)

Married and living with their -152 0.45 -343 <0.001%* 0.22(0.09,052)

spouse
Medical insurance (Compared with no medical insurance)

Yes -056 035 ~159 o112 057 (0.29,1.14)
Retirement pension (Compared with no retirement pension)

Yes 099 039 257 0010% 272(1.27,582)
Community services (Compared with no community services)

Yes 039 031 129 0199 148 (0.81,271)

“P<0.05; **P<0.01; Waldz2, Wald Chi-Square value; P, p-values b, regression coefficient; SE, standard error; OR, odds rato; CI, confidence interval. Other marital situations include
widowhood, divorce, and being married but not cohabiting; community services: various forms of support and assistance provided in the residential commaunitis, including healthcare, daily
iving aid and social actvities;retirement pension: income afte retirement.
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Variable Variable description

Address Rural =0, non-rural =1
Gender Male=1, female=0
Age Age of the older adults

“Illiteracy” “private schoolliteracy class.” “primary school.”

“junior high school;”“high school / technical secondary
Education level

school?”“junior college” and “bachelor degree or above” are
assigned t00,3,6,9, 12, 15and 16 in turn

Marital status In marriage=1, others =0

Residential
Living with family= 1, living alone 0
arrangements

“Very unhealthy;
Selfrated health | healthy” and *very healthy” are assigned as 1,2,3, 4and 5.

respectively

relatively unhealthy; “average; “reltively

Self-care situation | Self-care=0, unable to take care of oneself=1

Chronic disease | Yes=1,No=0
Smoking Smoking=1, non-smoking =0
Ln_income Logarithm of annual income of the older adults
Religiousbelief ~ Yes=1, None=0
“Yes"=1 and “No” =0 for each medical service, and the

Medical Service
scores of 7 services are added

“Yes” =1 and “No” =0 for each daily life service, and the

Daily lfe services
Scores of 5 services are added

Psychological “Yes= 1 and “No” =0 for each psychological counselling

counselling service | service, and the scores of the four services are added

Place of

s there a place for entertainment, “yes"=1, “no” =0

entertainment
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Relative

Characteristic Frequency frequency (%)

Willingness

Social pension 884 915
pension 8773 9085

Gender

Female 4803 4974

Male 4854 5026

Address

Rural 4,406 4562

Non-rural 5251 5438

Education level

Tliteracy 2328 2411

Private school/literacy class 395 409

Primary school 3570 3697

Junior high school 2359 2443

High school /technical secondary

oot 802 830

Junior college 164 170

Bachelor degree or above 39 040

Self-care situation

Self-care 9,044 9365

Unable 10 take care of oneself 613 635

Chronic disease

No 2067 2140

Yes 7,59 7860

Smoking

Yes 2,747 2845

No 6910 7155

Religious belief

No 9,157 9482

Yes 500 518
cteristic Mean Sd

In_income. 7165 6.607

age 3529 4382
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Medical Service

Daily lfe services

Psychological counselling service

Place of entertainment
Address

Gender

Age

Education level

Marital status
Residential arrangements
Self-rated health
Self-care situation
Chronic disease
Smoking

Ln_income

Religious belief

_cons

N

R

Model (1)

0,056 (0.108)
0,059 (0.087)
~0.023*** (0.006)
0.047**+(0.011)
~0.142 (0.109)
~0.477%** (0.134)
~0.127%** (0.046)
0.416%%+(0.143)
0.671%% (0.111)
~0244%* (0.095)
0.123*#% (0.012)
0024 (0.178)
~1.292%%% (0.496)
9,657

0.077

Standard errors in parentheses *p<0.1, **p<0.05, ***p<0.01.

Model (2)
04544+ (0.076)
0545+ (0.040)

~0.176*+* (0.051)

1035%+# (0.117)

~3.586°* (0.113)
9,657

0111

Model (3)
0.436%** (0.077)
0.496%** (0.040)
~0.214%%% (0.049)
0.787%%* (0.123)

~0.063 (0.104)

0.045 (0.091)
—0.020%** (0.006)
0.041%4(0.011)

~0.151 (0.114)
—0.605%** (0.139)

—0.047 (0.047)

0.387%* (0.151)
0.404%+% (0.115)
~0.238** (0.101)
0.081++* (0.012)

—0.040 (0.192)
~2.040%+% (0.530)

9,657

0142

Model (4)
0.228%#* (0.040)
0.284%%% (0.022)
~0.120%+* (0.026)
0.354%#% (0.055)

—0.011 (0.051)

0,025 (0.046)
~0.011%+ (0.003)
0.021%% (0.006)

~0.085 (0.057)
~0.304*** (0.071)

~0.018 (0.024)
0.214%% (0.078)
0.185%* (0.056)
~0.110%* (0.051)
0.042%* (0.006)

0,002 (0.095)
~1.105%+* (0.269)
9,657

0.144

Model (5)
0.036*+* (0.007)
0.071%## (0.005)
~0.023*+* (0.005)
0.036*+* (0.005)

~0.007 (0.007)

0.003 (0.007)
—0.002*** (0.000)
0.003**# (0.001)

~0.013 (0.008)
—0.044%+* (0.011)

~0.003 (0.003)

0.029%* (0.013)

0.022#+* (0.006)
—0.018** (0.007)
0.006*** (0.001)
0.002 (0.012)
0.156*+* (0.038)
9,657

0.108
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Model (6) Model (7) Model (8) Model (9)

Smoking Non-smoking No chronic diseases Have chronic
diseases

Medical service 0.468* (0.151) 0.435%+% (0.091) 0.240 (0.242) 0463 (0.082)
Daily life services 0457 (0.080) 0.506%+% (0.046) 0.305°* (0.141) 0,509 (0.041)
Psychological counselling service ~0.255%* (0.101) ~0.189%%* (0.056) ~0.036 (0.156) ~0229%** (0.052)
Place of entertainment 0,084 (0.200) 1.149%%* (0.160) 0.574%* (0.264) 08427 (0.138)
_cons 0474 (1.038) ~2718%% (0.610) ~2.690% (1.506) ~1662%** (0.542)
Control variable Yes Yes Yes Yes
N 2,747 6910 2067 7,59

Standard errors in parentheses #p<0.1, *p<0.05, ***p <001
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Other marital status 316 (86.34) 2(185)
Number of children [M(Q1, Q3)] 4.04(1.77) 323(1.53) 1843 <0.001%*
Education (years) (¥ ) 259(5.62) 431(4.26) 2335 0.004*
Disability [ (%)] 549 0.064
Mild disability 130 (35.52) 51(47.22)
Moderate disability 81(22.13) 23 (21.30)
Severe disability 155 (42.35) 34(31.48)
Community services [ (%)] 001 0916
No 211(57.65) 61 (56.48)
Yes 155 (42.35) 47 (4352)
Pension funds [ (%)] 021 0645
No 268 (73.22) 76 (70.37)
Yes 98 (26.78) 32(2963)
Retirement pension [1 (%)) 384 0050
No 259 (70.77) 65 (60.19)
Yes 107 (29.23) 43 (39.81)
Pension insurance [ (%)] 012 0728
No 266 (72.68) 76 (70.37)
Yes 100 (27.32) 32(29.63)
Medical insurance [ (%)] 0.00 0999
No 60 (16.39) 18 (16.67)
Yes 306 (83.61) 90 (83.33)
Living standard (self-evaluated) ( ) 387 (0.74) 364(0.75) 1133 <0001+
Health status (self-evaluated) (¥ £ ) 2:93(086) 259(0.77) 1691 <0001%%

P <0.05; **P <0.01; P p-value; community services: various forms of support and assistance provided in the residential communities, including healthcare, daily living aid and social
actvities; etirement pension/fund: income after retirement; pension insurance: expenditure for income after retirement, Other marital situations include widowhood, divorce, and being
married but not cohabiting; self-rated quality of life and self-rated health scores are converted from very poor, poor, fair, good, very good according to the Likert 5-point rating scale.
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Variables B SE P OR (95%Cl)
Female 033 -6.61 <0.001%* 0.11(0.06,0.21)
Age ~0.16 0.02 -836 <0.001%* 085 (0.06,0.88)
Number of children -028 0.09 -3.03 0.002% 0.76 (0.63,0.90)
Education -001 0.03 024 0814 099 (0.92,1.04)
Living standard (self-evaluated) -0.14 021 -0.70 0.487 0.87 (0.58,1.30)
Health status (self-evaluated) -0.11 019 —057 0568 8.98 (0.62,1.30)

P <0.05; **P <0.01; Waldyz', Wald Chi-Square value; P p-value; , regression coefficient; SE, standard error; OR, odds ratio; C1, confidence interval.
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Highest quartile of OOP costs All

Variables N Mean or SD Mean or
proportion proportion

Dependent variable

Logged real out-of-pocket (OOP) costs (2020=100) 57,710 9.093 0999
Demographic variables

Age 1447 63.73 416 57,710 6448 448
Dummy variable for aged 70-74 14,247 0.089 0284 57,710 0.149 0356
Gender (male=1) 14247 0542 0498 57,710 0523 0499
Married (reference) 14,247 0917 0275 57,710 0.945 0227
Never married 14,247 0.082 0275 57,710 0055 0227
Divorced or widowed 14247 0.000 0017 57,710 0.000 0.009
Dummy variable for living together with family members excluding spouse 14,246 0555 0497 57,693 0539 0498
Dummy variable for earned income during the past month 11,968 0578 0494 50241 0584 0.493

Educational attainment

Junior high school 14247 0172 0378 57,710 0.162 0368
High school (reference) 14247 0.497 0500 57,710 0514 0500
Vocational school or junior college 14247 0.145 0352 57,710 0.144 0351
University or graduate school 14247 0179 0383 57,710 0.175 0380
Sum of K6

Serious mental health (12<K6) 10,766 0.085 0279 45,867 0054 0225
Moderate mental health (4<K6 < 13) 10,766 0313 0464 45867 0244 0429

Objective health status

Dummy variable for having diabetes 14,059 0.306 0461 56997 0.19 0397
Dummy variable for having heart diseases 14,004 0.152 0359 56,790 0.092 0.289
Dummy variable for having lipidemia 13,946 0326 0469 56,712 0.292 0.454
Dummy variable for having stroke 13,884 0.075 0263 56,274 0.043 0202
Dummy variable for having cancer 13,903 0.090 0.286 56,533 0.042 0.200

Perceived health

Dummy variable for felt worse symptoms of high blood pressure than its 14,247 0.017 0129 57.710 0.009 0.093

onset during the past year

Lifestyle

Drinking habit 14247 0249 0432 57,710 0.237 0425
No habitual exercise 14221 0.346 0476 57,604 0325 0.468
Moderate or vigorous regular exercise 14247 0.280 0449 57710 0.307 0.461
Smoking habit 14247 0.156 0363 57,710 0.154 0361

Having difficulties in activities of daily living (ADL)

Dummy variable for walking 14247 0.230 0421 57710 0.151 0358
Dummy variable for getting in and out of bed 14247 0.234 0423 57,710 0.153 0360
Dummy variable for standing up from a chair 14247 0234 0424 57,710 0.153 0360
Dummy variable for dressing 14247 0.232 0422 57710 0.152 0359
Dummy variable for washing face 14,247 0234 0424 57,710 0.153 0360
Dummy variable for eating meals 14247 0235 0424 57,710 0.153 0360
Dummy variable for using the toilet 14,247 0.234 0423 57,710 0.153 0360
Dummy variable for bathing and showering 14247 0226 0418 57,710 0.149 0356
Dummy variable for stair climbing 14,247 0225 0417 57,710 0.148 0356
Dummy variable for carrying of shopped items 14,247 0213 0410 57710 0.144 0351

Needing assistance for ADL

Dummy variable for walking 14,247 0009 0.09% 57,710 0.004 0064
Dummy variable for getting in and out of bed 14247 0.005 0073 57,710 0.002 0046
Dummy variable for standing up from a chair 14247 0.005 0070 57,710 0.002 0046
Dummy variable for dressing 14,247 0.008 0.087 57,710 0.003 0056
Dummy variable for washing face 14247 0.005 0.069 57,710 0.002 0048
Dummy variable for eating meals 14247 0.004 0.064 57,710 0.002 0042
Dummy variable for using the toilet 14,247 0.005 0073 57,710 0.002 0047
Dummy variable for bathing and showering 14247 0013 o3 57,710 0.006 0074
Dummy variable for stair climbing 14247 0015 0120 57,710 0.006 0080
Dummy variable for carrying of shopped items 14,247 0026 0159 57,710 0011 0.105

Non-respondents of OOP costs are excluded. Boldface indicates that the mean or the proportion of variables i the highest quartile group of copayments i statistically different from those of
comparison group at the 1% level. Source: Longitudinal Survey of Middle-aged and Older Persons 2005-2020.
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Sample Treated ATT T-stat
Unmatched 2784 3005 ~0221 0.145 ~1524

Health
ATT 2625 3011 ~0386%+ onz ~3299

Note: *+* respectively indicate significant at the 1% levels.
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Sample Treated ATT T-stat
Unmatched 2784 3005 ~0221 0.145 ~1524

Health
ATT 2709 3154 0445+ 0099 ~4495

Note: *+* respectively indicate significant at the 1% levels.





OPS/images/fpubh-12-1393419/fpubh-12-1393419-t007.jpg
The first stage The second stage

Variable name Coef Robust Std.Err. Coef Robust Std.Err.
IV-Unemployment 0843+ 0218
Whether there is at least one returning
—0394%5% 0012
child
Gender 0154 0214 —0.171%4% 0021
Age 0014+ 0.007 0.017%4% 0.004
Years of education ~0.078 0945 ~0042 0.039
s it suitable for spouses to live together 0015 0041 0011 0.009
Whether suffering from chronic
0,054+ 0014 0541445 009
diseases
Whether to participate in medical
0.016°* 0.008 0045 0781
insurance
Whether participating in agricultural or
e ~0471%%% 0.007 ~0341%%% 0074
non-agricultural work
Self care ability in daily lfe 0.194%%% 0049 0.24145% 0.041
Number of children in the family 0056 0.041 ~0.043%5% 0016
Average age of children ~0471 0671 ~0.016* 0.009
Average education level of children 0.004** 0.002 ~0.009 001
Per capita household income 0pa1=EE ons ~0.078%x% 0026
_cons 345100 0784 9,121+ 0845
Province Yes
Year Yes
Obs 5760
Fvalue 25121

Note: %, *, and *** respectively indicate significant at the 10%, 5%, and 1% levels.
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Sample Treated ATT T-stat
Unmatched 2784 3005 ~0221 0.145 ~1524

Health
ATT 2675 3121 0446+ 0.109 ~4092

Note: *+* respectively indicate significant at the 1% levels.
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Ch:

Gender

cteristics

‘Women (reference)
Men
Age group
65-74 (reference)
74-84
85and above
Educational level
Middle school/high school/diploma/University (reference)
Read-only/read & write/unspecified
Elementary school or less
Tliterate
Marital status
Married (reference)
Divorced

ingle

OR, odds ratio; CI, confidence interval

OR (95% CI)

100

102 (0.55—1.89)

100
162 (1.02—1.81)

263 (1.28—3.11)

100

1.81 (0.41—4.06)

223(032-3.22)

242(0.52-3.27)

3.15 (0.24—4.15)
100

194 (0.85—4.42)

243 (114—5.13)

0510

<0.001

<0.001

0.433
0132
0172

0270

0113

0.019
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Characteristics

Age group, n (%)
65-74
74-84
85 and above

Educational level, n (%)
literate
Read-only/read & write/unspecified
Elementary school or less

Middle school/high school/diploma/

University
Marital status, n (%)
Married
Divorced

Single

Men
Total** Old age and Others’

n =192 functional n=22
(67.8%) dependency (11.5%)
n =170 (88.5%)

94(445) 80 (43.1) 14(54.1)
53(28.3) 49 (289) 4(243)
45(27.2) 41(28.0) 4(21.6)
184(69.3) 129 (76) 15 (68.1)
26(10.4) 24 (14.0) 3(13.9)
34(14.1) 9(52) 2(9.0)
20(62) 847) 2000)
132(69.7) 118 (69.4) 5(227)
18(93) 16(9.4) 3036)
42(21.0) 36(21.2) 14(63.7)

Total
n =91
(32.2%)

32(35.2)
27(29.6)

32(35.2)

75 (82.5)
9(98)
4(44)
3(33)

20219
29(319)

42(46.2)

Women

Old age and
functional
dependency n =76
(35.2%)

26(343)
22(289)

28(36.8)

66 (86.8)
5(66)
3(39)

227

1307.1)
30 (394)

33 (435)

Others:
N=15
(16.4%)

6(40)
5(33.3)
4(267)

9(60)
3(20)
2(133)

1(6.7)

2(133)
3(20)
10 (66.7)

“Others, such as a chronic medical condition with increasing age, epilepsy, functional dependency, family breakup/retardation, psychological condition, and not reported. **p < 0.005.
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Men n = 192 Women n

(67.8%)
Age (years), Mean (SD) 789 (10.6) 773 (10.0) 805(112) 0014
Age group, n (%) 0037
65-74 109 (42.2) 82(47.1) 27(32.2)
74-84 82(318) 54 (3L1) 28(33.3)
85 and above 67(26) 38(21.8) 29(345)
Educational level, 1 (%) 0,006
Tliterate 208 (73.5) 133(69.3) 75 (82.4)
Read-only/read & write/unspecified 31(109) 20(10.4) 121
Elementary school or less 28(99) 27 (14.1) 1
Middle school/high school/diploma/University 16(57) 12(62) 144
Marital status, 1 (%) <0.0001
Married 43(152) 18(9.4) 25(27.4)
Divorced 193 (68.2) 163 (84.9) 30(33)
Single 47 (16.6) 11(57) 36 (39.6)
Service utilized, 1 (%) 0490
Senior residential care home 282(99.6) 191(995) 91(100)
Other 104) 1(03) -
Administrative regions, 1 (%) 0221
Makkah 103 (56.8) 66(28.3) 37(28.5)
Riyadh 85(316) 45(16.2) 39 (15.4)
Al-Madinah 45 (28.1) 25(10.5) 21(17.6)
Asir 39 (24.2) 22(10.0) 17(143)
Jizan 20 (13.4) 13(68) 7(66)
Eastern region 35(12.8) 25(7.3) 10(5.5)
Al-Qassim 36 (12.3) 28(79) 8(44)
Tabuk 527 306 20
Al-Baha 5022 300 20.)
Northern border 2(1.0) 1(0.5) 1(0.5)
AljJawf 6(1.6) 502 104)
Najran 2(10) 2(1.0) 0(0.0)
Hail 7(17) 5(1.2) 2(04)
Branch of Senior residential care home, 1 (%) <0.0001
Makkah 72 (43.0) 47 (23.1) 25(19.9)
Abha 58 (36.6) 34(209) 24(15.7)
Riyadh 51(360) 0(0.0) 51(36.0)
Madina 66 (33.3) 44(17.6) 22(15.7)
Taif 53(29.5) 32(14.0) 21(14.1)
Damman 29(11.2) 21(68) 8(44)
Unizah 35(10.5) 35(10.5) 000.0)

quare test. “There is missing age data for 25 participants.
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Variable Group Sample size (n) W statistic p-value Normality conclusion
MoCA score CG 22 0.975 0.802 Normally distributed
TCG 22 0.968 0.651 Normally distributed
TCMG 22 0.959 0.532 Normally distributed
MMSE score CG 22 0.981 0.893 Normally distributed
TCG 22 0.972 0.743 Normally distributed
TCMG 22 0.965 0.612 Normally distributed
Stroop reaction time CG 22 0.970 0.710 Normally distributed
TCG 22 0.955 0.480 Normally distributed
TCMG 22 0.950 0.420 Normally distributed
Stroop accuracy CG 22 0.988 0.958 Normally distributed
TCG 22 0.982 0.905 Normally distributed
TCMG 22 0.975 0.800 Normally distributed
TMT-A CG 22 0.967 0.635 Normally distributed
TCG 22 0.960 0.545 Normally distributed
TCMG 22 0.955 0.485 Normally distributed
LMT CG 22 0.961 0.560 Normally distributed
TCG 22 0.955 0.480 Normally distributed
TCMG 22 0.950 0.425 Normally distributed
BNT CG 22 0.978 0.850 Normally distributed
TCG 22 0.970 0.715 Normally distributed
TCMG 22 0.965 0.605 Normally distributed
Clock drawing test CG 22 0.970 0.720 Normally distributed
TCG 22 0.960 0.550 Normally distributed
TCMG 22 0.955 0.490 Normally distributed
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Model 1 Model 2 Model 3 Model 4 Model 5

OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Fixed part
Intercept 003*** | (002-004) | 002%**  (001-003)  002%* 001-003)  002%%*  (001-003) 002  (0.01-0.04)
Age 75+ (ref.

099 (0.92-1.06) 098 (0.92-1.06) 098 (091-1.06) 098 (0.91-1.06) 098 | (0.91-106)
65-74years old)
TADL limitations
(ref. no IADL 101 (092-111) 101 ©91-111) 101 091-1.11) 100 ©091-111) 100 | (091-110)
limitations)
ADLI
(ref. no ADL 107 (0.95-119) 107 (095-1.19) 107 (095-1.19) 106 (0.95-1.19) 106 | (0.95-119)

limitations)

itations

Chronic diseases
(ref. no chronic Loate | (LI5-133) | 124% | (LIS-L33) 1240 (LIS-134)  L2aM | (LIS-134) 126 (L15-134)
diseases)

Female (ref.male) | L69***  (L57-183) | L69™* | (L57-183)  L69*** | (L57-183)  L70"** | (L57-183)  170%**  (157-183)
Financial

diffculties (ref. L3 (L21-142) 13 (L20-142) | L3IY (120-142) L3I (120-142) 131 (120-142)
n0)

More than one

child (ref. one 091%F | (084-100) | 091%F  (084-099)  091%F ©84-099) | 0927 | (084-100) | 091%F  (084-100)
child)

Decline in health

(ref. maintains 4685 (429-501) | 469 (430-5.02) 49 | (420-512) | A6BYT | (428-511) | 467 (428-5.0)
health status)

Depressed before

fistoutbreak (ref. | 235%%%  (218-254) | 2357 | (218-255) | 236*** | (218-255) | 236** | (218-255) | 236 (218-255)
no)

No partner in

houschold (ref. LI (105-122) LI (L05-122) | LIBRRR(105-122) | LISM | (L04-122) LIS (L04-122)
with partner)

Educational level (ref. SCED 0-2)

ISCED 3-4 098 (090-107) 098 (090-1.06) 098 (090-1.06) 098 090-106) 098 (090-107)
ISCED 5-6 LI (L01-124) LI (L01-124) | L1z (L01-124) | LI2% | (L01-124) | LI2% | (101-124)

European region (ref. Northern Europe)

Western Europe | 157%%  (1.04-237) 1465 (099-215) 146+ 099-2.16) La76 | (100-218) | 148%F | (100-219)
Southern
N LS7% (104-236) Lag* (100-220) La7* ©99-219) | 149 (100-222) | Lag* | (100-2.22)
Europe
EasternBurope 116 (0.76-1.77) 112 (075-1.67) L (074-1.67) 113 (075-1.69) L3 (075-169)
Baltic states L6 (071-189) 124 (078-1.9) 123 077-195) 123 (0.77-195) L2 (077-195)
Time: second
outbreak (ref. first | 0.66*** | (0.61-070) | 073*** | (0.67-080) 073+ 067-080) | 072%% | (0.66-079) | 072%% | (0.66-0.79)
outbreak)

Intergenerational support (ref. no change)

Less often LI (0:95-129) 111 (095-1.29) 023 (007-079) | 130 (L07-157) | 030% | (0.09-108)
More often L82*HE (L68-198) | L82VNF (168-198) 1.74% ©91-331) L6 (147-181) L4 (057-225)
Stringency index
at time of LOI** | (1.00-1.02) Lo (100-102) | 1OI**F | (100-102) | LOI* | (100-101)
interview

Excess mortality
attime of 099%% | (098-1.00) 099%% (098-1.00)  099%%* | (098-100) | 0.99%** | (098-1.00)

interview
Stringency index * intergenerational support
Less often 1.02#+* (1.01-1.04) 1.02%* (1.00-1.04)
More offen 100 (099-1.01) 101 (100-102)
Excess mortality * intergenerational support
Less often 0.96%* (0.94-0.99) 097+ (0.94-1.00)
More ofien 1029 (LOI1-L03)  L02% (101-1.04)
Random part—variance parameters

Between-country

3 0.08 (0.04-0.15) 0.07 (0.03-0.13) 0.07 (0.03-0.13) 0.07 0.03-0.13) 007 (004-0.14)
variance
Between-time

) 100 (0.83-1.20) 1.00 (0.83-1.20) 1.00 (0.83-1.20) 1.00 (0.83-1.20) 100 (081-1.21)
variance
-2LogLikelihood 154207 154138 154105 15,403.0 15,400.1

95% Cl in parentheses; **p<0.01, *#p<0.05, %p<0.1.
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Study group Between-group change, P value

TCG P-value TCGvs.CG TCMGvs.CG TCMGyvs. TCG

MoCA score, mean (SD)

Bascline 21.84+293 2290 +2.63 2175+2.86 0.364

12wk 2674+ 3.956 25.50 % 3.52 21.05£2.70 0.000 0,000 0.000* 0264
MMSE score, mean (SD)

Baseline 27.84 £ 1.385 28.00 £2.22 27.90 % 1.37 0.958

12wk 2932+0.582 2010+ 1.07 27.90 + 1.334 0.001 0.010° 0.001* 0822

Stroop—accuracy

Baseline 0.82+0.17 0.83+£0.22 0.80+0.13 0.601

12wk 0.95+0.69 0.88£0.16 0.83£0.10 0.025 0.155 0.002* 0.0831

Stroop—reaction time

Baseline 1532.38 £ 1964.66 1053.76 £ 170.39 1141.06 £ 143.96 0229

12wk 993.89 £ 150.48 1051.2 £ 167.32 1165.60 =+ 148.87 0.004 0.024* 0.001* 0.256
VFT

Baseline 0.95+£0.229 0.95+0.22 1.00 £0.33 0.794

12wk 1.00 £ 0.00 1.00 £ 0.00 0.89 £ 0.46 0.365

TMT-A

Baseline 0.89 £ 0.737 1.05£0.76 1.26 £ 0.65 0.292

12wk 1.05+0.71 1.35+£0.67 1.05+0.71 0.307

BNT

Baseline 2.32 & 1.003 2.65+0.59 2.68+0.58 0.542

12wk 2950229 270 £0.57 258 £0.69 0.108

LMT

Baseline 2£1247 21£121 226+ 1.10 0.789

12wk 326+ 1.49 315+ 1.39 1.95 £ 0.91 0.004* 0.005* 0.003* 0.785

Clock drawing experiment

Baseline 3.05 % 1.079 320+ 115 2.89+0.88 0.661

12wk 421£0918 3.85 % 1.09 2.85+0.96 0.000

MoCA, Montreal cognitive assessment; MMSE, Mini-mental state examination; Stroop, Color word test; VFT, Verbal fluency test; TMT-A, Trail making test; BN, Boston naming test; LMT,
Logical memory test. * indicates statistical significance, where the P-value is less than 0.05.
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Interview Interview Interview Introduction

subject time location of
interview subject

Yang** 24-Mar-24 School of Physical Associate Professor
Education,** of the Department
University of Traditional
Ethnic Sports
Zhang** 25-Mar-24 School of Physical | Professor of the
Education,** Department of
University Traditional
Ethnic Sports
Wang*™* 27-Mar-24 | School of Physical | Professor of the
Education,** Department of
University Traditional
Ethnic Sports
Wang*™* 28-Mar-24 School of Professor of the
Music,** Department
University of Music
Wu** 28-Mar-24 School of Associate Professor
Music,** of the Department
University of Music

** indicates that the names of the interview subjects have been omitted for privacy or
confidentiality reasons.
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BMI 0.11
Fasting blood-glucose 001
Uric acid 025
Coreactive protein 007
White cell count 0.09

p. partial regression coeffcient of variables in logistic regression; §.E, standard error; OR, odd ratio; CI, confidence i

SE
001
0.00
002
001
002

1301

947

1140

8.56

501

P
<0.001
<0001
<0.001
<0.001
<0.001

terval; BMI, body mass index.

OR (95%Cl)
112110~ 1.14)
101 (1.01 ~ 1.01)
128 (1.23 ~ 1.34)
1.07 (1.05 ~ 1.09)

110 (1.06 ~ 1.14)
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Attributes and levels Average or Good
poor (n =230) (n =115)

Mean Mean
Constant term ~0617%+ ~0.195
Individual premium (included in real ~0014%+ 0.001
terms)

Government subsidy

ORMB/year Reference Reference

20RMB/year 0265% ~0.005

4ORMB/year 0073 ~0.100
Benefit package

Medical care + basic life Reference Reference

care+ rehabilitation training

Medical care + basic life care + rental -0177 -0.107

of assistive devices

Medical care-+ basic life care. 0350+ ~0.043
Reimbursement rate

65% Reference Reference

75% 0583+ 1126%

85% 0842w 1.957%%%

Whose provision of home-based care can be reimbursed
Professional caregivers only Reference Reference

Professional caregivers and family Lot=se 0527
members,etc.

“£2p<0.001, *#p<0.01, *p<0.05.
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Non-hyperlipidemia Hyperlipidemia group

Variables Total (n = 6,629) group (n = 4,884) (n = 1745) Statistic
Age (years), M (Qu Q1) 58.00 (51.00, 64.00) 58,00 (51.00, 65.00) 57.00 (51.00, 64.00) Z=-206 0.039
BMI(kg/mA2), M (Qu, Q) 23.27 (21.14,25.71) 2286 (2079, 25.18) 24,60 (22.27,26.99) Z=-1685 <0.001

Fasting blood glucose (mg/dl), M

P 93.69 (86.49, 102.70) 93.69 (86.49, 100.90) 97.30 (90,09, 109.91) -15.18 <0.001
EQID)Od ekl (me/dh, M Qe 14,57 (1232,17.65) 1485 (1232,17.93) 1429 (12.04,17.09) Z=-477 <0.001
Serum uric acid (mg/dl), M (Qi, Q) 470 (3.90, 5.60) 450 (3.80, 5.40) 5.10(4.30,6.10) ~14.98 <0.001
Zly)wsylmd hemoglobin (6, M (@, 5.70 (550, 6.00) 5.70 (5.50,6.00) 5.80 (5.50,6.10) Z2=-798 <0.001
Hemoglobin (mg/dl), M (Qi, Q) 13.60 (1250, 14.80) 13.50 (12.40, 14.70) 13.90 (12,80, 15.20) Z=-816 <0.001
White blood cell count (x10 9/L), M
@ 565 (4.70,6.80) 550 (4.60, 6.60) 6.00(4.98,7.20) ~1064 <0.001
:ﬁ“z’id oo sef wetime (F: M 92,00 (88.00, 95.70) 92.10(88.10,95.80) 9160 (87.80,95.40) Z=-248 0.013
Platelet count (x10°9/L), M (Qi, Q) 203.00 (16100, 245.00) 20100 (159.00, 243.00) 21000 (169.00, 250.00) Z=-462 <0.001
Serum creatinine (mg/dl), M (Qi, Q) 075 (0.65,0.88) 0.75 (065, 0.87) 0.76 (0.65, 0.89) Z=-124 0217
Creactive protein (mg/D), M (Q,, Q) 120 (0.70,2.30) 100 (0.60,1.90) 2.10(1.20, 3.60) 7=-2568 <0.001
Drinking, n (%) 0.661
More than once a month 1949 (29.40) 1,450 (29.69) 499 (28.60)
Once amonth and below 627 (9.46) 457 (9.36) 170(974)
No drinking 4,053 (61.14) 2,977 (60.95) 1,076 (61.66)
Hypertension, 1 (%) 7=1346 <0.001
No 6,069 (91.55) 4,508 (9230) 1,561 (89.46)
Yes 560 (8.45) 376 (7.70) 184 (10.54)
Diabetes, 1 (%) £=2076 <0.001
No 6,490 (97.90) 4,805 (98.38) 1,685 (96.56)
Yes 139 (210) 79(1.62) 60 (3.44)
Chronic lung disease, n (%) 7=065 0420
No 6,516 (98.30) 4797 (98.22) 1719 (9851)
Yes 113 (1.70) 87/(1.78) 26(1.49)
Liver disease, 1 (%) 0.487
No 6,566 (99.05) 4,840 (99.10) 1726 (9891)
Yes. 63 (0.95) 44/(0.90) 19 (1.09)
Heart disease, 1 (%) r=241 0121
No 6447 (97.25) 4759 (97.44) 1,688 (96.73)
Yes 182 (2.75) 125 (2:56) 57(3.27)
Stroke, 1 (%) 071
No 6,595 (99.49) 4,858 (99.47) 1737 (99.54)
Yes. 34(0.51) 26 (0.53) 8(0.46)
Emotional and mental diseases, 7 (%) 0497
No 6,616 (99.50) 4,876 (99.84) 1740 (99.71)
Yes 13(020) 8(0.16) 5(0.29)
Memory-related diseases, n (%) 7=064 0424
No 6,595 (99.49) 4,861 (99.53) 1734(99.37)
Yes 34(051) 23 (047) 11(063)
Gender, n (%) r=1524 <0.001
Male 3,161 (47.68) 2,259 (46.25) 902 (51.69)
Female 3468 (5232) 2,625 (53.75) 843 (4831)
Marital status, 1 (%) 7=267 0.102
Unmarried/divorced/widowed 691 (10.42) 527 (10.79) 164 (9.40)
Have a spouse 5,938 (89.58) 4357 (89.21) 1,581 (90.60)

Z: Mann-Whitney test, °; Chi-square test, M: Median, Qu: 15t Quartile, Qs: 3st Quartile, BMI: body mass index.
Bold values represent statisticall significant differences, with p-value < 0.05.
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Attributes and levels Uneducated Educated
(n =225) (n =120)

Mean Mean
Constant term ~0.549%+ ~0196
Individual premium (included in real ~0016%+ 0.001
terms)

Government subsidy

ORMB/year Reference Reference

20RMB/year 0202 0.083

4ORMB/year ~0019 ~0.007
Benefit package

Medical care + basic life Reference Reference

care + rehabilitation training

Medical care + basic life care + rental of ~0.237 ~0.067

assistive devices

Medical care + basic life care 0.291% 0.009
Reimbursement rate

65% Reference Reference

75% 0,647 075455

85% L0285 1408%5%

Whose provision of home-based care can be reimbursed
Professional caregivers only Reference Reference

Professional caregivers and family 0959%++ 07325
members,etc.

#+p<0.001, *#p <001, *p<0.05.
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Attributes and levels

Constant term —0.413%%% 0448+
Individual premium (included in real terms) —0.010%%% | —0.007%**
Government subsidy
ORMB/year Reference Reference
20RMB/year 0237 0.081
4ORMB/year ~0010 0073
Benefit package
Medical care + basic life care + rehabilitation | Reference Reference
training
Medical care + basic lfe care + rental of ~0.167 ~0a71

assistive devices
Medical care + basic life care 0178 0191

Reimbursement rate

65% Reference Reference
75% 0,628+ 07485
85% 1027%%% 1200%%%

Whose provision of home-based care can be reimbursed

Professional caregivers only Reference | Reference
Professional caregivers and family members, | 0.812#%% 07955+
etc.

#5p<0.001, *p<0.01, *p<0.05.
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Characteristic

Study group

TCG
(n=22)

Age, mean (SD), y 66.90 + 4.94 66.05 & 6.64 64.58 & 4.86
Education, mean (SD), y 876272 10.25 £ 6.04 9.37£2.19
Gender (male/female) 5/17 5117 6/16
Hypertension (yes/no) 3/19 121 3/19
Hyperlipidemia (yes/no) 0/22 0/22 0/22
Diabetes (yes/no) 0/22 1721 1/21
Heart disease (yes/no) 0/22 0/22 0/22
Arthritis (yes/no) 0/22 0/22 0/22
Respiratory disease (yes/no) 0122 121 0/22
Vision disorder (yes/no) 5/17 3/19 3/19
Hearing disorder (yes/no) 0/22 0/22 0/22
ADL, mean (SD) 204.0 2020+ 192.0
=+ 489.0 490.0 +400.0

ADL, Activities of daily living; SD, standard deviation.
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Data from the 2015 tracking survey of the CHARLS
database(N=21,095)

Exclude

(N=2,359)

Age less than 45 or
more than 80 years or
age with missing values

Individuals aged 45-80 years(N=18,736)

Exclude

(N=6,542)

Individuals with complete data on lipid-related
indicators(N=12,194)

Individuals with missing
values for lipid-related
indicators

Exclude

(N=400)

Individuals without cancer(N=11,794)

Individuals with cancer
or with a missing
indicator of whether
they have cancer or not

Exclude

(N=5,165)

Individuals eventually included(N=6,629)

Missing values or
outliers for other
variables relevant to this
study
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Crude OR (95%Cl) Adj. OR (95%Cl) P(Wald's test) P(LR-test)

Age group: ref. = 60-64 0522

65-69 1.04(0.73,1.48) 105 (0.73,1.5) 0801

70-74 115 (0.81,1.65) 121(0.83,1.75) 0317

75-79 131(0.86.2) 133 (0.86,2.07) 0204

80+ 133 (091,1.96) 137 (0.89.2.1) 0.148
Gender: Female vs. Male 12(0.94,1.53) 138 (1.03,1.84) 0.03 0.029
Marital status: 0.649
Ref. = Married

Unmarried 142(049.4.12) 0.77(0.2,2.99) 0704

Widowed 122(0.92,1.61) 105 (0.74,1.48) 0781

Divorced 1.8(0.79.4.09) 172(0.72,4.13) 0224
Anxiety and depression:

2(1.49,.268) 1.92(142.2.6) <0.001 <0001

Yes vs. No
Alcohol consumption: 114 (086,1.52) 146 (1.05,2.03) 0023 0025
Yes vs. No

Exercise frequency:

Ref.= > 6 times o8

3-5 times 081 (0.47,1.41) 0.79 (045,1.38) 0413

1-2times 052 (0.25,1.09) 046 (0.220.98) 0044

<1 time 121(0.46,3.14) 1.02(039.2.7) 0962

None 118 (0.91,1.53) 1.06(0.8,1.41) 0.667
Hypertension: Yes vs. No 11(085,1.41) 102(0.79,1.34) 0856 0.857
Diabetes: Yes vs. No 134(0.94,1.92) 138(0.94,202) 0096 0.105
Main caregiver 039
Ref. = Children

Spouse 097 (0.75,1.25) 116 (0.86,1.56) 0329

Relatives 276 (1.09,7.01) 307 (0949.99) 0063

Others 1.06(0.37,3.03) 1.05(0.36,3.07) 0933

None 1.06(0.55,2.02) 126 (0.64,2.45) 0504
Area: Rural vs. Urban 125 097,1.6) 138 (1.05,1.82) 0.02 0.019

The table summarizes the associations of various factors with unintentional injuries, showing crude and adjusted odds ratios (OR) with 95% confidence intervals (CI), WaldS test p-values, and
ikelihood ratio (LR) test p-values. A p-value less than 0.05 is considered statistically significant,
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No Ul ul Test stat. p-value

Total 259 298

Age group Chisq. (4 d) = 345 0485
60-64 621(239) 63(21.1)
65-69 685 (26.4) 72(24.2)
70-74 598 (23) 70(23.5)
75-79 203(11.3) 39(13.1)
80+ 399 (15.4) 54(18.1)

Gender Chisq. (1df) =218 014
Male 1,267 (48.8) 132 (44.3)
Female 1329(51.2) 166 (55.7)

Ethnicity Chisq. (1.df) =005 0823
Han 1971 (75.9) 228(76.5)
Ethnic minority 625 (24.1) 70(23.5)

Education level Chisq. (1dH) =019 0.666
High School and below 2,413(93) 279(93.6)
College and above 183(7) 19(6.4)

Marital status Chisq. (3 df) = 3.85 0278
Unmarried 26(1) 4013)
Married 1979 (76.2) 214(71.8)
Widowed 555 (21.4) 73(245)
Divorced 36(14) 723

Anxiety and depression Chisq. (1df) = 2228 <0001
Yes 340 (13.1) 69(23.2)
No 2,256 (86.9) 229(76.8)

Alcohol consumption Chisq. (1.d5) = 088 0347
Yes 557 (21.5) 71(23.8)
No 2039 (78.5) 227(76.2)

Exercise frequency

I Chisq. (4dH) =7.09 0131
>6 times 918 (35.4) 100 (33.6)
3-5 times 181(7) 16(5.4)
1-2times 141(5.4) 8(27)
<1 time 38(15) 5(1.7)
None 1,318 (50.8) 169 (56.7)

Area Chisq. (1.df) = 303 0082
Rural 1,546 (59.6) 193 (64.8)
Urban 1,050 (40.4) 105 (35.2)

Hypertension Chisq. (1df) = 0.52 047
Yes. 852(328) 104 (34.9)
No 1744(67.2) 194 (65.1)

Diabetes Chisq. (1 d) = 257 0.109
Yes 262(10.1) 39 (13.1)
No 2334 (899) 259 (86.9)

Monthly income Chisq. (3 df) = 154 0674
0-999 1,095 (42.2) 131 (44)
1,000-4,999 1,298 (50) 149 (50)
10,000+ 25(1) 3()
5000-9,999 178 (6.9) 15(5)

Main caregiver Chisq. (4 df) =5.24 0263
Spouse 1,019(39.3) 113 (37.9)
Children and other immediate
famly 1907) 602)
Relatives 33(13) 4(13)
Others. 1434(55.2) 164 (55)
None 91(35) 1G7)

The table above summarizes the distribution of different factors among those with no unintentional injuries (No UI) and those with unintentional injuries (U). The test statistics and p-values
indicate the level of significance, with a p-value less than 0.05 considered statistically significant.
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Exposure outcome

SB - Osteoarthritis
MR Egger
‘Weighted median
Inverse variance weighted

imple mode

‘Weighted mode
PA - Osteoarthritis
MR Egger
Weighted median
Inverse variance weighted
Simple mode
Weighted mode

SB, sedentary behavior; PA, physical activiy.
<005,

Sample size
169

43

OR

1.27(095,1.7)
121 (112, 1.3)
120(1.13,1.28)
130/(1.03, 1.64)

1.30(1.05, 1.6)

1.05 (0.65,1.69)
0.83 (0.71,0.96)
0.85(0.73,098)
0.81(061,1.08)

0.82 (065, 1.04)

p-value

010995
0.00000*
0.00000*
0.03094*

0.01574*

083859
0.01144%
0.02945%
015327

0.10782
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Unweighted OR p-value Weighted OR p-value

Mild SB Reference Reference
Severe SB 11250 10275 0655
0020%
(1.0176, 1.2420) (09114, 1.1583)
Physical activity 09971 oot 0.9974 <0001
<0.001%
(0.9966,0.9976) (0.9966, 0.9981)
Physical activity x mild 09972 oot 0.9974 <0.001%
<0.001%
$B (0.9966,09977) (0.9966,09982)
Physical activity x severe 09955 001 0.9960 0.029%
<0.001%
sB (0:9932,09977) (0.9924,09996)
Active group Reference Reference
Inactive group 16020 1.6357 <0.001%
<0.001%
(14635, 1.7554) (14510, 1.8439)
SB time 1.0007 1.0004 0.002¢
<0.001%
(1.0005, 1.0009) (10002, 1.0006)
SB time x Active group 09997 o 0.9993 0001
(0.9,994,09999) . (0.9990,09997)
$B time x Inactive group 10008 oot 1.0006 <0.001%
<0.001%
(1.0007, 1.0011) (1.0003, 1.0008)

SB: sedentary behavior.
Physical activity x SB: interaction between physical activity and sedentary behavior.

SB time x active or inactive group: interaction between sedentary behavior and different degrees of physical activty.
" <0.05.
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Characteristics Participants Osteoarthritis Non-osteoarthritis

% (SE) % (SE) % (SE)
Age (years) <0.001
<44 14682(071) 10.69 (0.70) 5163 (071)
(44, 60) 27.97(0.46) 29.80 (1.08) 27.73(0.50)
(60,75) 18.72(0.52) 42,60 (1.31) 15.54 (0.49)
275 649 (0.23) 16,92 (0.78) 5.10 (0.21)
Sex <0.001
Male 4839 (037) 3358 (1.21) 50.35 (0.39)
Female 51.62(0.37) 66.41 (1.21) 49.65 (0.39)
Ethnicity <0.001
Non-Hispanic White 67.61(137) 83.05(1.03) 65.56 (1.42)
Mexican American 8.09(0.67) 293(0.37) 878 (0.72)
Other Hispanic 5.84(0.46) 301(0.32) 6.22(0.49)
Non-Hispanic Black 1072 (0.70) 6.15(0.59) 1133 (074)
Other ethnicity 773 (041) 486 (0.57) 8.11(043)
Education 0036
Below high school 13.58 (0.54) 10.46 (0.73) 13.99 (055)
igh school 2320 061) 23.41(1.28) 2317 (0.68)
College or above 6323(093) 66.13 (1.41) 6284 (0.98)
Marital status <0.001
Married/living with Partner 6318(073) 65.18 (1.34) 6291(076)
‘Widowed/divorced 2286 (058) 30,07 (1.24) 219 (059)
Never married 13.96 (0.57) 475 (0.58) 15.19(0.62)
Poverty income ratio 0.0013
<13 1401 (0.56) 9.6 (0.79) 14,59 (0.58)
(13,35) 34.87 (0.74) 3475 (1.46) 3489 (0.76)
235 5112 (0.96) 55,59 (1.83) 50,52 (0.99)
BMI <0.001
<185 152(0.10) 077 (0.19) 162(0.11)
1185,25) 27.70 (051) 20555 (1.12) 2865 (0.56)
(25,30) 3269 (0.43) 3178 (1.21) 3281 (0.44)
230 38.09(0.56) 46.90 (1.31) 3692 (0.60)
Smoke <0.001
Never smoker 5685 (0.63) 48.9 (149) 57.91(068)
Former smoker 2395 (050) 35.22(1.45) 2245 (05)
Current smoker 19.20 (0.50) 15.88 (1.03) 19.64(0.54)
‘Alcohol consumers <0.001

(Number of alcohol consumption/week)

0 2531 (0.66) 30.11 (1.42) 24.67(065)
<1 2286 (045) 2775 (1.46) 2221050
8] 3587 (052) 29.06(1.25) 3678 (054)
>8 15.96 (0.42) 13.08 (0.91) 16,34 (0.45)
Sedentary behavior time
- 37143 £2.76 38621 £4.78 369.46 £ 2.96 0.002
Sedentary behavior 0655
Mild (<8 h/day) 77.00 053) 7658 (1.01) 77.06 (056)
Severe (28 h/day) 2300 (0.53) 2420101 2294(0.56)
:}:‘;ﬂs ;:::z) 6649+1.19 47304227 69.05+125 <0.001
Physical activity <0.001
Inactive 6103 (056) 7081 (1.19) 5973 (0.59)

Active 38.97(0.56) 29.19(1.19) 40.27(0.59)
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Number of
participants in

Interviewed

group

Age range
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VEUELIES Fin_exp Care_exp

Coefficient Significance Coefficient Significance

Care_exp 0.7 <001
Age -003 <001 003 <001
Male -007 -0.18 <001
Minority 013 -0.01
Education 001 -0.13
Marr 015 -0.24
Pa_income —024 <001 050 <001
Pa_money 007 -003
Pa_care 025 017
K_income 0.04 -0.15 <001
Fin_support ~0.56 <01 029
Interactl (education® pa_ -022 <01 009
money)
Interact2 (age* fin_support) 001 <001 ~0.01 <005
Interact3 (marr*fin_ on 022 <001
support)

n_exp 087 <001
Constant 170 <001 -185 <001
Observations 8,127 8,127

F

N 8,127 8,127
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Demographic Percentage M

variables

Gender
Male 3,807 52.89%
Female 3391 47.1%

Household registration

Rural 3,786 52.60%
Urban 3412 47.40%
Marital status
lowed 1,263 1755%
Non-widowed 5935 82.45%
Age 6890 | 686

Daily living activity
y

294 016

a

Cognitive ability 1369 281
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Variables Care_exp Fin_exp Care_exp Fin_exp Care_exp
Care_exp 0.87%% 0.87%%

Age ~000 0.02+4 ~0.01% 0.02+4% ~0.03%+% 0,03+
Male ~0.10% —020%%% -007 —0.19%%% -007 —0.18%%
Minority -000 -001 012 -002 013 ~001
Education —0.32%%% ~0.02 ~0.39%+% 004 001 -0.13
Mare 03255 021+ 03155 017+ 015 ~024
Pa_income —0.19%5 046+ —0.24%5% 050445 —0.24%5% 0504
Pa_money ~0.16%+% 0.07% 007 -003
Pa_care 025 016 025 017
K_income 007 —0.14%%% 0.04 —0.15%%% 004 —0.15%%
Fin_support 05345 —0.03 ~0.56* 029
Interact] (education® Pa_

oy —0.22¢ 009
Interact2 (age* fin_support) 0,015 —0.01+*
Interact3(marr*fin_support) 011 0.22%%
Fin_exp 0.86%+% .87+
Constant 1067+ ~0.61% 033 — L4 1707 —185%+
Observations 8,127 8,127 8,127 8,127 8,127 8,127
P

N 8,127 8,127 8,127 8,127 8,127 8,127

* indicates p<0.1, ** indicates p<0.05, *** indicates p<0.01. Note:

ighlight notable results in bold.
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Variable Frequency Score t/F value p-value

(Mean + SD)

Outpatient 217 23.57+8.66 236.41° 0.022
Group

Inpatient 155 18.43+10.52

Male 163 20.55+9.43 173.88" 0.041
Gender

Female 209 16.76+11.36

60~ 135 19.56+13.21 4.892° 0.008
Age 70~ 165 17.43£9.44

80~ 7 154221388

Unmarried 4 2347+12.89 3.541° 0.012

Married 289 25.07+13.60
Marital status

Divorced 7 19.4557.99

Widowed 2 21.43£941

Primary school and below 108 20.76+11.02 6.902° 0.006

Junior high school 109 25.489.02
Education level High school or technical school 88 21492864

College or undergraduate 62 20,14+ 10,52

Postgraduate and above 5 18784698

Below 1,000 57 20.38+9.42 1.429" 0433

1,001-2000 53 29.13:11.42
Monthly personal income  2001-3,000 % 30.58+12.37

3,001-4,000 78 287641448

Above 4,000 85 23.79+13.70

Below 2000 16 254521511 0679 0567

2001-3,000 43 27.34£9.89
Monthly per capita

¥ per cap! 3,001-4,000 69 25.67+11.08

household income

4,001-5,000 67 23411963

Above 5,000 147 26.54+10.58

Spouse and children 100 21.59£9.59 4.671° 0.009

Spouse 154 17.83£6.78
Living arrangement Children 71 19.62410.49

38 16.35+7.40
: | 20.48+9.33

Yes 61 19591132 216 0020
Smoking

No 311 17.39+9.04

Yes 69 21.40£9.53 378.450" 0.009
Alcohol consumption

No 303 2837+11.39

1-2 diseases 160 24112799 0.471° 0610
“Type of chronic disease 3-4 diseases 210 23.84+10.14

5 or more diseases 2 19.66+8.51

Univariate analysis performed using t-test.
“Univariate analysis performed using analysis of variance.
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Variable Group Frequency Score (Mean + SD) t/F value p-value

Outpatient 207 117.03+15.67 8856.791° 0041
Group
Inpatient 155 1233441854
Male 163 113.89419.26 9012332 0039
Gender
Female 209 12154+20.68
60~ 135 130.47418.65 8943 0.008
Age 70~ 165 126.41£17.83
80~ 72 109.95+13.52
Unmarried 4 124.55417.49 4071 0217
Married 289 127.01£18.59
Marital status
Divorced 7 106.48:+21.04
Widowed 72 1168341698
Primary school and below 108 12059417.33 6.540° 0013
Junior high school 109 108.46:21.01
Education level High school or technical school 88 105.69+15.78
College or undergraduate 62 112.36420.15
Postgraduate and above 5 116.20+17.38
Below 1,000 57 117.53419.08 1237 0572
1,001-2000 53 1214442104
Monthly personal income  2001-3,000 %9 108.76:+15.89
3,001-4,000 78 12150417.41
Above 4,000 85 118.49417.59
Below 2000 46 125.77420.12 1526" 0.487
2001-3,000 I 106.49:416.20
Monthly per capita
ki 3,001-4,000 69 102.95+19.65
household income
4,001-5,000 67 127.14£22.38
Above 5,000 147 12189:417.88
Spouse and children 100 104.45418.90 3479 0.284
Spouse 154 115.25422.19
Living arrangement Children 7 106.43417.52
Living alone 38 1148742053
Other 9 113.35£17.41
Yes 6 125.05418.02 7539.237 0050
Smoking
No 31 104.67+15.80
Yes 69 112.43£16.26 8347.118" 0.048
Alcohol consumption
No 303 102.71420.30
1-2 diseases 160 121.59:+18.41 04810 0,683
Type of chronic disease 34 diseases 210 107.61£17.85
5 or more diseases 2 117.88+15.49

‘Univariate analysis performed using t-test.
“Univariate analysis performed using analysis of variance.
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Effect type Effect value ISE 95%Cl Mediating effect
Total efect ~0.18 0.03 ~0.29~-0.14
Direct effect 015 0.03 ~0.18~-006 8333%

Indirect effect -0.03 001 ~0.08~-0.04 16.67%
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VarName
Age

Male
Minority
Education
Mare
Pa_income
Pa_money
Pa_care
K_income
Fin_support
Fin_exp

Care_exp

Obs

8,127
8,127
8,127
8,127
8127
8,127
8,127
8,127
8,127
8,127
8,127

8,127

69.07

047

007

104

122

014

159

001

193

188

070

061

7.107

0499

0258

0216

0414

0344

0.842

0.096

0.885

0.866

0457

0.488

Mil Median
6000 67.00
0.00 0.00
0.00 0.00
100 100
100 100
0.00 0.00
100 100
0.00 0.00
100 200
100 200
0.00 100
0.00 100

Max
18.00
100
100
400
3.00
100
300
100
300
300
100

1.00
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Variables(ref) Low level (ref) vs. high level Low level (ref) vs. unstable Unstable affective (ref)

depression affective depression vs. high level depression
OR(95% CI) OR(95% Cl) P OR(95% CI) P
Age, mean  SD 1.01(0989-1.031) 0363 0.991(0.972-1.009) 0315 1019(0.997-1.043) 0.097
Gender (Female)
Male 0.444(0.325-0.607) 0,000 0.684(0.524-0.893) 0005 0.649(0.467-0.902) 0010

Education (3)
1 28323903.59(16756501.9-478765508)  0.000  46154446.9(28593430.35-74500783.66) | 0.000  0.614(0.34-1.106) 0.104
2 37770559.52(37770559.52-37770559.52) 3524342093(3524342093-35243420.93) . 1.072(1.072-1.072)

Self-report of health (Very poor)

Very good 0.127(0.05-0.321) 0.000 0.125(0.058-0.267) 0000 1.014(0.343-2.995) 0.980

Good 0.226(0.107-0.479) 0.000 0.184(0.096-0.353) 0000 1.23(0.509-2971) 0.645

Fair 0.487(0.34-0.696) 0.000 0.335(0.245-0.458) 0000 1.454(1.012-2.088) 0.043

Poor 0.651(0.464-0914) 0.013 0.556(0.416-0.744) 0000 1.171(0.845-1.623) 0.343
Drink (Yes)

No 1.046(0.798-1372) 0.743 1.042(0.822-132) 0733 1.004(0.754-1.337) 0977

Smoke (Yes)

No 0.896(0.646-1.244) 0513 0.79(0.603-1.035) 0087 1135(0.805-1.6) 0.469
Contact with children in person/phone/email (Yes)

No 1.155(0.826-1.614) 0.400 0.755(0.542-1.051) 0096 | 1529(1.053-2.221) 0.026
Economic supports from children (Yes)

No 0.808(0.554-1.176) 0.266 0.88(0.638-1215) 0438 0917(0.617-1.363) 0.669

No 1.289(1.005-1.654) 0.046 0.962(0.777-1.19) 0.719 1.341(1.029-1.746) 0.030
currently working (Yes)

No 1.448(0.634-3.305) 0.380 1.137(0.545-2.372) 0732 1.273(0.54-3.001) 0.581
whether retired (Yes)

No 1.353(0.594-3.082) 0471 1.094(0.526-2.276) 0810 1.237(0.527-2.907) 0.625

Life satisfaction (Completely satsfied)

Not at all satisfied 18.268(6.843-48.767) 0.000 14.185(5.639-35.682) 0000 1.288(057-2.91) 0.543
Not very satisfied 3.447(1.735-6.849) 0.000 2.676(1.449-4.944) 0002 1.288(0.6-2.765) 0516
Somewhat satisfied 1.425(0.762-2.666) 0.268 1.774(1.029-3.059) 0039 0.803(0.393-1.642) 0.548
Very satisfied 1326(0.7-2514) 0.386 1.143(0.651-2.005) 0642 1161(0.557-242) 0.691

Chronic diseases (Yes)
No 1.043(0.621-1752) 0.874 1.272(0.816-1.983) 0289 0.82(0.469-1432) 0.485

Place of res

nce (Rural)
Urban 0.667(0.495-09) 0.008 0.846(0.659-1.087) 0191 0.788(0.574-1.083) 0.142

OR, Odds ratio; 95%CI, 95% Confidence Interval.
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Outcome variable
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Self-efficacy
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Fit indices
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Variables Low-level High-level Unstable-affective X?/F

depressionn = 1,126  depressionn = 444  depression n = 654

[50.6%; n (%)] [20.0%; n (%)] [29.4%; n (%)
Age, mean + SD 68.94(6.126) 6833(5.570) 67.95(5.769) 6.152 0.002
Gender 19.053 0.000
Male 593(52.7) 158(35.6) 305(46.6)
Female 53347.3) 286(64.4) 349(534)
Education
1 1042(925) 4219438) 625(95.6)
2 70(6.2) 2(2) 29(44)
3 14(1.2) 0(0.0) 0(0.0)
Self-report of health 65470 0.000
Very good 64(5.68) 6(1.4) 10(1.5)
Good 69(6.13) 1023) 142.1)
Fair 446(39.61) 143(322) 176(26.9)
Poor 424(37.66) 193(43.5) 289(44.2)
Very poor 123(10.92) 92(20.7) 165(25.2)
Drink 5746 0.003
No 577(51.24) 269(60.6) 360(55.0)
Yes. 549(48.76) 175(39.4) 294(45.0)
Smoke 3336 0,036
No 840(74.60) 354(79.7) 478(73.1)
Yes. 286(25.40) 90(203) 176(26.9)
Contact with children in person/ 3818 0022
phone/email
No 140012.43) 68(15.3) 64(9.8)
Yes. 986(87.57) 376(84.7) 590(90.2)
Economic supports from children 0.458 0,633
No 14101252) 48(108) 77011.8)
Yes. 985(87.48) 396(89.2) 577(88.2)
Social activities 3811 0022
No 700(62.17) 308(69.4) 410(627)
Yes. 426(37.83) 136(30.6) 244(37.3)
currently working 0631 0532
No 600(53.29) 244(55.0) 366(56.0)
Yes. 526(46.71) 200(45.0) 288(44.0)
whether retired 0416 0.660
No 545(48.40) 210047.3) 302(46.2)
Yes. 581(51.60) 234(52.7) 352(53.8)
Life satisfaction 58825 0.000
Notatall satsfied 80.7) 42095) 54(8.3)
Not very satisfied 82(7.3) 72(16.2) 82(12.5)
Somewhat satisfied 574(51.0) 194(43.7) 351(537)
Very satisfied 405(36.0) 122(27.5) 147(225)
Completely satisfied 57(5.1) 1432) 20(3.1)
Chronic diseases 1141 0320
No 81(7.2) 24(5.4) 38(5.8)
Yes 1,045(928) 4200946) 616(94.2)
Place of residence 7348 0.001
Urban 322(28.60) 87019.6) 157(24.)

Rural 804(71.40) 357(80.4) 497(76.0)
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Class Profile 1 Profile 3
Profilel 0.961 0.001 0038
Profile2 0.004 0.996 0.000

Profile3 0.063 0.000 0937
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Profile

6

AIC
70850.84
66485.78
64608.63

641919
62902.89

62976.86

BIC
70964.98
66662.7
64848.32
6449437
63268.14

63404.89

aBIC
70901.43
66564.2
64714.88
64325.98
63064.81

63166.61

Entroy

0857

0915

0939

0938

0937

MR (P)

0.000

0.000

0.000

0.000

0937

BLRT (P)

0.000

0.000

0.000

0.000

1

Proportion
056835/ 043165
050629/ 0.19964/0.29406
0.48831/0.08678/0.25090/0.17401
009263/ 0.43121/0.21628/0.15108/0.10881

0.18705/0.11691/0.05531/0.32509/0.17055/ 0.14369

AIC, Akaike information criterion; BIC, Bayesian information criterion; aBIC, sample size adjusted BIC; LMR, Lo-Mendell-Rubin likelihood ratio test; BLRT, Bootstrapped likelihood ratio test.
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\ELELIES 224; n (%)] Variables n (%)

Age, mean  SD 68.53(5.928) Economic supports from children
Gender No 266 (12.0
Male 1,056(47.5) Yes 1958 (88.0)
Female 1168(525) Social activities
Education No 1,418 (63.8)
1 2088(93.9) Yes 806 (36.2)
2 122(5.5) currently working
3 14(0.6) No 1,210 (54.4)
Self-report of health Yes 1,014 (45.6)
Very good 80(3.6) whether retired
Good 93(4.2) No 1,057 (47.5)
Fair 765(34.4) Yes 1,167 (52.5)
Poor 906(40.7) Life satisfaction
Very poor 380017.1) Not atall satisfied 104 (4.7)
Drink Not very satisfied 236 (10.6)
No 1,206(54.2) Somewhat satisfied 1,119 (50.3)
Yes 1018(45.8) Very satisfied 674(30.3)
Smoke Completely satisfied 91(4.1)
No 1672(75.2) Chronic diseases
Yes 552(24.8) No 143 (64)
Contact with children in person/phone/email Yes 2081 (93.6)
No 272(122) Place of residence
Yes 1952(87.8) Urban 566 (25.4)

Rural 1,658 (74.6)
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M:

Biological factors

categories

Cognitive factors

Co-morbidities

Mental health

Economic-social factors

Health-oriented

behaviors

Subcategories

Gender, Age, Physical activity level, Fatigue

Cognitive ability, problem-solving ability
health lteracy
Pain, frailty, severity of discases,

polypharmacy, complications of treatment

Anxiety, depression, loneliness, sleep ssues,

ty

substance abuse, life satisfaction, sensi
and perceived severity of disease
complications, happiness, personality type
Cost of treatment and care, patient’s financial

abiliy, formal social support structures

Adherence to treatment, healthy lifestyle

Interaction with the care and

treatment team

Family connections

Facilities of medical centers.

Empowering employees

Health policymaking

Cultural factors (cultural
beliefs)

Quality of communication with physicians, quality of
communication with nurses, quality of communication with
other health team members, trust in health care providers,
professional competence of health team members

Family caregiver knowledge, Support from family members,
Caregiver burden

“The existence of sufficient healthcare resources,
Responsiveness of health services to the needs of the older

adults, Well-cquipped medical centers

Manpower training improving job satisfaction of employees

Health systemis approach to older adults participation
(patient-centered), treatment protocols, insurance coverage

Altruism in society ageism, traditional religious beliefs about

the older adults
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Reliability - intra-rater correlation

Variable «/S1 «/S2

Ba 2054719 18.6£7.29
Mo 1954369 189378
VA 854250 914217
GERI 1794286 1964533

Objectivity - inter-rater correlation

Variable «/S2
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Alpha index Reliability

Ba 075 Substantial
Mo 097 Almost Perfect
VA 096 Almost Perfect

GERI 079 Substantial
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Variable Minimum Maximum Mean + SD

00 380 205+7.19
-40 15 -09+188
60 60 242298
13 25 167 +3.66
7.6 47 1564386
Mo - 21 12 253 1714351
VA- 11 0.0 1.0 91217
VA - 00 10 90218
GERI - 1:1 123 250 1794286
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GERI-2:1 14 246 1854289
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Gender (male/female) Chi-square 0.92
Hypertension (yes/no) Chi-square 0.52
Diabetes (yes/no) Fisher’s exact (2 x 2) 1.00
Heart disease (yes/no) Fisher’s exact (2 x 2) 1.00
Arthritis (yes/no) Fisher’s exact (2 x 2) 1.00
Respiratory disease (yes/no) | Fisher’s exact (2 x 2) 1.00
Vision disorder (yes/no) Fisher’s exact (2 x 2) 0.68
Hearing disorder (yes/no) Fisher’s exact (2 x 2) 1.00
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Variable Mean @
difference

MoCA score TCMG vs. CG 5.69

MMSE score TCMG vs. CG 142 1.10

Stroop-accuracy TCMG vs. CG 0.12 0.85

Stroop-reaction TCMG vs. CG —171.71 L18

time

TMT-A TCMG vs. CG —0.26 0.30

LMT TCMG vs. CG 1.65 125

BNT TCMG vs. CG 037 0.65

Clock drawing test TCMG vs. CG 1.36 1.49

score
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Age

Education

Social and professional status

Source of income

Sociodemographic characteristic
Female

Male

60 or under

61-65

66-70

71-75

76-80

81-85

86-90

Over 90

No

Incomplete primary

Primary

Basic vocational

Secondary

Post-secondary

Tertiary vocational (B.Sc., B.A. or B.Eng. degree)
Master's degree

Old-age pensioner

bility pensioner

Unemployed

Running a houschold

Employed

Self-employed

Disability pensioner, employed
Old-age pensioner, employed
Old-age pensioner, disability pensioner
Recipient of a rehabilitation benefit
Manual occupation

Non-manual occupation

Job outside agriculture
Agricultural job

Full-time employment

Part-time employment

Old-age pension

Di

bility pension
Other

Old-age pension and disability pension

1,406
634
664
319
460
294
173
84

2

38

126
567
584
228
172
314

L2
90
27
55

707

393
375

9

228
2

831
61

%
689
311
325
156
25
144
85

41

62
278
286
12

84

545
44
13
27
347
02

02

02
005
193
184
04
47
n2
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30
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Variables Model Model Model

1 3 4
Financial 0011 0.0104%%
support (489) (3.94)
Daily care 0023 0.023
©97) (1.00)
Emotional 0.004%%%  0.002+%
comfort (3:67) @12)
Control - Controlled (Mediate variable is involved)
N 10,620 10620 10620 10620 10620
Resquared 0077 0079 0077 0078 0.079

##%, %, * indicatesignificance at 1, 5, and 10% levels,respectivelys -values are in
parentheses.
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Themes Sub-themes

1. Not only caring, butalso 1.1 Implications for upbringing
raising (the grandchildren) 1.2 Dealing with their childrerss rules
1.3 Nutrition of grandchildren
2. Motivation for caregiving 2.1 Itis what families do
22 Financial support
23 Barriers to caregiving that outweigh the
reasons for caregiving
3. Significance of gender 3.1 Grandmothers bring up, grandfathers help out

3.2 Cultural burden of caregiving for women

4. Implications of caregiving 4.1 Negative aspects of caregiving
4.2 Positive aspects of caregiving
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Variables Model 1 (Dependent Model 2 (Dependent variable: Model 3 (Dependent

variable: mental health) variable: mental health)
Financial support 0.065%+* (3.30) 0.040%** (6.63) 0.0574%% (291)
Social activity participation - - 0.197%%* (6.15)
Daily Care —1.028%* (~5.50) —0.207%** (~3.65) —-0.988*** (-5.29)
Emotional Comfort 0.025%+* (2.83) 0.001 (0.35) 0.025%** (2.82)
Control Controlled
Constant 26.244%% (36.19) 1569%* (7.14) 25.935%% (35.74)
N 10,620 10620 10,620
Resquared 0.250 0,049 0253

##%, %%, indicate significance at 1, 5, and 10% levels, respectively; t-values are in parentheses.
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Gender | Marital Employm No. of No. of Hours of  Years of

Fep status status children grandchildren care care
PG1 67 M Married Retired 3 5 5 3
PG2 = M Widowed Retired 2 1 15 3
G3 6 ¥ Married Retired 2 3 30 1
PG4 66 M Married Retired 2 2 2 6
PG5 66 M Married Retired 2 3 6 6
PG6 ] ¥ Married Retired 3 3 30 10
PG7 66 F Married Retired 2 3 10 6
PGS 66 F Married Working full time 3 4 40 4
PGY 7 M Married Retired 2 4 35 10
PG10 6 F Married Working full time 2 3 0 1
PEI 68 M Married Retired 2 5 15 n
PE2 68 F Married Retired 4 6 10 7
PE3 67 ¥ Married Retired 2 2 30 14
PE4 72 F Widowed Retired 3 7 20 1
PES 6 M Married Unemployed 2 2 10 7
PEG 58 ¥ Married Working full time 2 2 15 4
PE7 67 F Married Retired 2 2 20 7
PES 6 ¥ Married Working full time 3 2 2 10
PEY 69 M Married Retired 2 3 30 12

“PG” Guardamar Health Centre Group; “PE” Elda Health Department Group.
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Variables
Financial support
Daily Care
Emotional Comfort
Control

Constant

N

Resquared

##%, %+ * indicate significance at 1, 5, and 10% levels, respectively; (-values are in parentheses.

Model 1

17.650%+* (26.38)
10620

0212

Model 2

~0.059%%* (~3.26)

17.806*+* (26.55)
10,620

0213

Model 3

1344%%% (7.48)

—0.024%*# (=3.01)

Controlled
18.176%%% (27.08)
10,620

0217

Model 4

17.159%+* (24.92)

10,620

0213

Model 5
~0.039%% (~2.05)
1350+ (7.50)

—0.021%%* (~=2.44)

1786144+ (25.61)
10,620

0217
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Reason for being a caregiver
- What led you to take on the role of caregiver for your grandchildren?

- How would you describe yourselves as grandparents? Ambivalence of feelings

- How would you define the experience of being a grandparent?

- What feelings do you experience when caring for your grandchildren?

Managing personal space

- How has grandparenting affected your day-to-day life?

Effects on health

- In terms of your health, how would you describe your experience as a caregiver?

- What are the positive and negative aspects of caring for your grandchildren?

Boundary between caregiving and parenting

- In your role as a caregiver for your grandchildren, how would you define your relationship with your
children?

- What kind of relationship do you have with your children?

- How do you feel about your family?

- How much time do you spend looking after your grandchildren? How do you feel about the time you spend
with them?

- What difficulties or problems do you encounter in taking care of your grandchildren? Is there anything
you need or miss when looking after your grandchildren?

Responsibility and decision-making

- How would you define your involvement as a caregiver for your grandchildren within the family?
Gender tasks

- What tasks and/or activities do you do with your grandchildren?
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AELELIES

Model
1

Financial

support
Daily care

Emotional
Comfort

Control
Constant

N

Resquared

3.960%++
(18.16)

10,620

0.066

Model Model Model
2 ) 4
0.028%4%
(4.85)
031744
(5.40)
0.009%%%
(3.34)
Controlled
385U 4084 413gee
17.78) (18.65) (18.44)
10620 10620 10620
0.068 0.069 0.067

0.026%+*
“22)

0.321%0%
(5.48)

0.004
(1.56)

41057
(18.04)

10,620

0071

%%, %%, * indicate significance at 1, 5, and 10% levels, respectively; t-values are in

parentheses.
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Financial support
Daily care
Emotional comfort
Gender

Age

Education level
Marital status
Household registration
Income

Chronic diseases
ADL

Self-rated health
Pension income(ln)
Constant

N

Resquared

##%, %+, indicate significance at 1, 5, and 10% levels, respectively; f-values are in parentheses.

Model 1

1029%%% (8.50)
—0.048%+* (~5.35)
0.278%%% (4.92)
117455 (8.10)
104354 (7.03)
0.112%+* (3.83)
—0.719%* (~6.07)
—3.206%+* (~25.12)
172475 (26.85)
0056+ (221)
26310%%% (37.84)
10,620

0246

Model 2

0.087+%% (4.66)

1051%5* (8.68)
—0.053*** (~5.86)
0.280%4* (4.97)
10964+ (7.51)
1102%4* (7.41)
0.115%4 (392)
—0727%** (=6.14)
~3.202%%% (=25.12)
17267+ (2692)
0,051 (203)
26.079%+* (37.45)
10,620

0248

Model 3

—1.027%** (=5.50)

0.995%4 (8.21)
—0.041%4% (~4.50)
0.275%4% (489)
1.090%+% (7.48)
1.049%+* (7.08)
0.112%4% (3.84)
—0.698%%* (~5.89)
~2896%** (~20.77)
17247 (26.89)
0,054+ (2.14)
25.908%** (37.11)
10,620

0248

Model 4

0,033 (3.95)
1.064%%% (8.77)
—0.062%* (=6.44)
0.289%%% (5.13)
1136++% (7.82)
1.082++# (7.28)
0.113++* (3.87)
—0.722%%* (=6.09)
—3.207%%* (~25.15)
1719%5% (26.79)
0,055+ (2.16)
26,980 (37.72)
10,620

0247

Model 5
0.065%+* (3.30)
—1.028%%% (~5.50)
0.025%+* (283)
1.038%+# (8.55)
—0.055%+* (~5.68)
0.286++* (5.08)
1.002#+# (6.84)
1123%+# (7.56)
0.115%%% (3.94)
~0.705%+* (~5.96)
—2.893%** (-20.77)
172355 (26.90)
0.050% (1.95)
26.243+%* (36.19)
10,620

0.250
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A

Predictors Estimates

(Intercept) 57.87 56.76-58.98 <0.001

SAMS -004 ~0.13-0.05 0349

BDI -090 ~099 - <0.001
~081

=689; R adjusted=0.381.

BDI, Beck Depression Inventory; MCS, Mental Component Scale of SF-36; SAMS, Stendal
Adherence to Medication Score; CI, 95% confidence inerval.

Statistically significant values p<0.05 are presented in bold.
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Variable

Mental health

Positive emotion
Negative emotion
Financial support
Daily care
Emotional comfort
Gender

Age

Education level

Marital status

Household registration
Annual income (In)

Daily activity ability (ADL)
Chronic diseases
Self-rated health

Pension income(ln)

Social activity participation

Value assignmel

Continuous variable, posit
backward, then added

Continuous variable, total value of positive emotion questions in CES-D scale
Continuous variable, total value of negative emotion questions in CES-D scale
Continuous variable

Yes=1,No=0

Continuous variable

Male = 1, Female = 0

Continuous variable

Iliterate or Did Not Complete Primary School =0, Graduated From Private School

or Primary School = 1, Junior

, High School and above = 3
Married = 1, Other =0

Urban

, Rural =0

Continuous variable

Disabled = 1, Not disabled = 0

Yes=1,No=0

Very good = 5, Good = 4, Average = 3, Bad =2, Very bad = |

Continuous variable

Continuous variable, total value based on participation frequency in various

activities

¢ emotion assigned forward, negative emotion assigned

Mean

2950

542

1592

695

015

937

048

68.98

097

076

027

727

043

042

296

635

122

Max

32

13.06

54

108
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Domains Variables OR 95%Cl p-value
Feeding Parkinson disease | 4488 | 2194 9181 | <0.001%%*
Anx/Sch/Dep 4396 1536 12579 0.006%*
Stroke 2547 | 1850 3508 | <0001+
Dementia 1690 1047 2728 0032*
Osteoarthritis 1.643 1.076 2509 0.021%
Bathing Stroke 2749 | 1851 4082 | <0001+
Parkinson di 2658 1.037 6812 0.042%
Dementia 2611 1166 5.847 0.020%
copPD 2379 1164 4.863 0.017%
Heart failure 2.196 1107 4355 0.024%
Grooming  Anx/Sch/Dep 4641 1624 13265 0004%

Parkinson disease | 3549 1743 7228 | <0001%%%

COPD 3159 1789 5576 <0.001%%%

Stroke 2687 1958 3687 | <0.001%%%

Heart failure 1820 1069 309  0027%
Dressing Anx/Sch/Dep 4260 | 1104 16435 0.035*

Parkinson disease | 3.894 1599 9482 0.003%%

Stroke 2944 2066 4195 | <0.001%%%
CoPD 2074 1106 3888 0023*
Osteoarthritis 1745 1077 2827 0024*
Bowels Hypertension 1679 1188 2372 0003
Diabetes 1545 1077 2217 0018%
Bladder Osteoporosis 1636 1040 2572 0033
Hypertension 1482 1035 2022 0032%
Toilet use Dementia 2465 1285 4728 0.007%*
Parkinson disease | 2262 1027 | 4982 0043*
Stroke 2026 1447 2839 <0.001%**
Transfers Stroke 2682 1927 3732 <0001%**
Parkinson 2483 L147 5375 0ou*
COPD 2004 1106 3633 0022¢
Osteoporosis 1769 | 1135 2757 0012%
Walking Stroke 1580 1129 2211 0.008**
Parkinson disease | 2702 1122 6503 0027%

All models were adjusted for sociodemographic variables, cognitive function, vision and
hearing; *P<0.05, #*P<0.01, *+*P<0.005.
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A

Predictors Estimates

(Intercept) 5062 49.58-51.67 <0.001

SAMS ~028 ~038- <0.001
~017

N=689, R/ R adjusted =0.035 / 0.033

B MCs
(Intercept) 2652 13.72-39.32 <0.001
SAMS 0.09 ~0.04-022 0.160

BDI -092 ~105- <0.001

~079

TuG 0.18 ~0.00-037 0056

Number of drugs per 044 021-067 <0.001
day

Age 0.00 ~0.10-0.10 0974

MoCA 060 0.28-092 <0.001
HCCQ 107 0.33-181 0.005
Gender: female 035 ~131-200 0.680

Cardiovascular disorder 181 ~0.46-4.08 o8

Neuromuscular disorder 207 112-425 0.064

Epilepsy 1.60 ~231-552 0422

Miscellaneous disorder 258 0.27-489 0.029
Living with partner 043 ~149-235 0659

Education medium 193 ~0.11-398 0.064

Education high -075 -278-129 0471

BEL: Openness 185 ~128-499 0.246

BEL: Agreeableness 216 ~151-583 0.248

BEL: Conscientiousness 461 191-7.31 0.001

BEL: Extraversion 406 099-7.13 0.010

=397 R*/ R* adjusted =0.499 / 0473, VIF < 1.41 for all variables.
Cl1,95% confidence interval; SAMS, Stendal Adherence to Medication Scale; BDI, Beck
Depression Inventory; TuG, Time up and Go Test; MoCA, Montreal Cognitive Assessment;
HCCQ, Healthcare Climate Questionnaire; BFI,
Neuroticism; MCS, Mental Component Scale of SF-36; Diagnosis - in reference to
Movement Disorder.

Statistically significant values p<0.05 are presented in bold.
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\ELELIES Model 1° Model 3¢

P-value OR 95%CI P-value 95%CI P-value OR 95%Cl
Multimorbidity <0.001%% 2.194 1.662 2.897 0.127 1.350 0918 1.984
Osteoarthritis 0.052 1542 0.997 2385
Osteoporosis 0075 1470 0962 | 2248
Stroke <0.001%** 2744 2.020 3.726 <0.001*=* 2494 1.826 3.407
Dementia 0.180 1.430 0.848 2413
Parkinson’s disease 0.006%* 2.867 1.358 6.052 0.014% 2524 1.207 5278
Coronary heart disease 0.457 0.892 0.659 1.206
Hypertension 0015 1363 1007 | 1845 0366 L8 084 1692
Heart failure 0,095 1595 092 | 2758
CoPD 0.016* 2.034 1141 3.626 0.011* 2.090 1185 3.686
Kidney disease 0.093 1.880 0.900 3928
Anx/Sch/Dep 0.013* 4278 1362 13.436 0.010% 4424 1424 13.741
Cancer 0531 1299 0573 2943
Diabetes 0.599 1.104 0.764 1.594

‘Model I included multimorbidity and Covariates; *Model 2 included 15 chronic conditions and Covariates, where anxiety,schizophrenia, and depression were consolidated into a single
dependent variable, denoted as Anx/Sch/Dep; “Model 3 included the variables for multimorbidity and the diseases significantly associated with higher functional dependence in model %
*p<0.05, **P<0.01, ***P<0.005.
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Variable

Age
SAMS

BDI

MoCA

TuG

HCCQ

Number of drugs
MCs

PCS

Gender
Male
Female
Education
Low
Medium
High
Living situation
Alone
Notalone
Diagnosis
Movement disorder
Cardiovascular disorder
Neuromuscular disorder
Epilepsy
Miscellaneous
BFI
Neuroticism
Openness
Agreeableness
Conscientiousness.

Extraversion

M (SD)
70.24 (8.61)
6.16(7.59)
9.68(7.51)
2351 (271)
1065 (4.48)
5.62(1.13)
5.74 (3.68)
48.95 (11.04)
33.87 (11.09)

Count

405

326

24
249

251

172

527

237
191
143
35

125

81
114
60

298

148

MD (IQR)
70 (14)
4(8)
8(9)
23(4)

10 (4)
5.93(1.27)
HE)
50.74 (18.07)
33.09 (16.47)

%

5617

4221

3137
3487

3515

2461

75.39

3287
2649
19.83
485

1734

1156
1626
856
4251

2111

M, Mean; SD, Standard Deviation; MD, Median; IQR, Interquartile Range. BDI, Beck
Depression Inventory; BFI, Big Five Inventory: SAMS, Stendal Adherence to Medication
Scale; MoCA, Montreal Cognitive Assessment; TuG, Time up and Go Test; HCCQ,
Healthcare Climate Questionnaire; MCS, SF-36 Mental Component Scale; PCS, SF-36

Physical Component Scale.
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Chronic conditions Total, n (%)

Hypertension 698 (56.5)
Coronary heart disease 493 (39.9)
Stroke 460 (37.2)
Diabetes 217017.6)
Osteoarthritis 164 (13.3)
Dementia 161 (13.0)
Osteoporosis 155(126)
Heart failure 90(73)
Chronic obstructive pulmonary diseases 78(6.3)
Parkinsons disease 48(3.9)
Kidney disease 48(39)
Cancer 3125
Schizophrenia 20(16)
Depression 7(06)
Anxiety 302)

Number of chronic conditions, no. (%)

0 161 (13.0)
1 297 24.0)
2 325(26.3)
3 231 (18.7)
4 126 (10.2)
5 61(4.9)

26 34(28)

Multimorbidity 777 (629)
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Characteristics tal, n (%)

Age,y
Median [IQR] 78 (71,83]
Gender, no. (%)
Male 616(49.9)
Female 619(50.1)

Education, no. (%)

literate 225(18.2)
Primary school 625 (50.6)
Middle school and above 385 (31.2)

Marital status, no. (%)

Married 719.(58.2)
Single (never married, divorced, or widowed) 516 (41.8)
Child status, no. (%)
No children 53(43)
With at least one c 1,182 (95.7)
Living condition, no. (%)
Living alone 109 (8.8)
Living with others 1,126 (91.2)
Medical insurance, no. (%)
Uninsured 31(25)
Insured 1,204 (97.5)
Cognitive function
Normal 396 (32.1)
Mild impairment 358 (29.0)
Moderate impairment 221(17.9)
Severe impairment 260 (21.1)
Vision condition
Normal 163(13.2)
Mild impairment 706(57.2)
Moderate impairment 307(24.9)
Severe impairment 59(4.8)
Hearing condition
Normal 364 (29.5)
Mild impairment 557 (45.1)
Moderate impairment 232(18.8)
Severe impairment 82(6.6)
Number of chronic conditions, no. (%)
0 161 (13.0)
1 297 (24.0)
2 325(26.3)
3 231(18.7)
4 126 (10.2)
5 61(49)
>6 34(28)
Multimorbidity 777 (62.9)
Functional status (ADLs)
Median [IQR] 60(35,80]
Lower dependence 549 (44.5)
er dependence 686 (55.5)
Dependence in 10 domains of ADLS, no. (%)
Stair climbing 1,121 (90.8)
Bathing 939 (76.0)
Walking 865 (70.0)
Bladder 845 (68.4)
Dressing 818 (66.2)
Toilet use 806 (65.3)
Transfers 795 (64.4)
Bowels 698 (56.5)
Grooming 585 (47.4)
Feeding 552(44.7)

IQR, interquartile range; ADLs, activities of daily living.





OPS/images/fneur-15-1462478/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1419480/fpubh-12-1419480-g001.jpg
Two cities or regions fromall the fourteen administrative regions of Hunan Province in China based on the National

Bureau of Statistics of China (2008) were randomly selected (Zhuzhou city, Xiangtan city)

Two districts or counties were randomly selected from each city/region

(Hetang district. Liling district, Yuhu district, Yuetang district).

Two sub-districtstownships from each district or county were randomly selected (Yuetang street, Cigutang street,
Chashan town. Mingyue town. Heling town. Jiangshe town. Baota street. Xiacheng street).

A total of 1,507 potentially eligible participants were identified based on thedocumented health recerds provided

by local health centers.

272 participants were excluded with the following

reasons:

108 without functional dependence (with Barthel’s

score=100)

87 unable to communicate and without proxies
53 refused to participate

21 died

3incomplete questionnaires

A total of 1,235 participants with functional dependence wereincluded in this study.
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Predisposition traits
Age (Ref. 60-69)

70-79 0430
80- 0.018"
Marital status (Ref. No spouse) 0870

Education level (Ref. Illiterate)

Elementary school 0.030
Beginning 0.085
High school 0.164
College degree or above 0586

Children quantity (Ref. 0)

1-2 0.789
3-4 0644
5 0253

Enable resources

Personal monthly income (RMB) (ref. 0-1,000)

1,000-2,000 0322
2,001-3,000 0922
3,001-4,000 0267
4,000~ 0114
Pension insurance (Ref. No) 0.027
Health insurance (Ref. No) 0.016
Convenience to visit (Ref. No) 0.002

‘Time to health centers (min) (Ref. <10)

10-29 0410
30-59 0.038.
60~ 0.044

Need factors

Self-assessed health status (Ref. Bad)
General <0.001
Good <0.001

Number of chronic diseases (Ref. 0)

1 <0.001
2 <0.001
3 <0.001

Sick for the past 2weeks (Ref. No) 0.018

Health service needs 0.042

“The bold data indicates that p value less than 0.05.

OR (95% CI)

1.29(0.69,2.24)
3.38(1.23,9.29)

0.95 (0,50, 1.81)

0.45(0.22,093)
0.49 (022, 1.10)
0.47 (0.16, 1.36)

0.73(0.23,2.31)

1.25(0.25,6.26)
1.48(0.28,7.81)

3.00 (046, 19.65)

144 (070, 2.96)
0.96 (0.40, 2.29)
187 (0.62,5.60)
0.37(0.11,1.27)
2.06(1.09,3.92)
2.88(1.22,6.84)

270 (145,5.03)

072(033,157)
0.42(0.18,0.95)

0.37(0.13,096)

0.36(0.22,059)

0.17 (0.10, 0.30)

5.41(263,11.13)

6.86(3.19,14.77)
29.15 (12,42, 68.40)

2.08(1.13,3.80)

1.07 (1.00, 1.13)
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Predisposition traits
Education level (Ref. Iliteracy)
Elementary school
Beginning
High school
College degree or above
Enable resources
Pension insurance (Ref. No)
Convenience to visit (Ref. No)
Time to health centers (min) (Ref. <10)
10-29
30-59
60-
Need factors.
Self.assessed health status (Ref. Bad)
General
Good
Number of chronic diseases (Ref. 0)
1
2
3
Sick for the past 2weeks (Ref. No)
Health services awareness

Health service needs

“The bold data indicates that p value less than 0.05.

0920

0.249

0.700

0.018"

0.001

0.008

0.606

0174

0.023

0.003

0.010

0.103

0773

0.082

<0.001

0.708

0.007

OR (95% CI)

105 (0.44, 2.46)
168 (0.70,4.05)
1.24/(0.42,3.70)

013 (0.03,0.71)

4.34(1.86, 10.11)

2:85(1.31,6.22)

079032, 1.96)
052020, 1.34)

0.19 (0.05, 0.80)

039(021,0.73)

0.44 (0.24,0.82)

2.26 (085, 6.02)
118(0.39,3.62)
3.08 (087, 10.95)
1491 (7.32,3039)
0.98 (0.89, 1.08)

108 (102, 1.14)
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Score—EQ

Excess relative risk Proportion Excess relative risk Proportion
(95% CI) attributable (%) (95% ClI) attributable (%)
CDE 0.00415 (0.00326,0.00504) <0.0001 861 062443 (0.52269,0.72618) <0.0001 849
INTref 0.00003 (~0.00002,0.00008) 0197 07 0.00390 (<0.00507,0.1287) 0394 05
INTmed ~0.00007 (~0.00010,-0.00003)  <0.0001 -13 —0.00151 (~0.00497,0.00194) 0391 -02
PIE 0.0007 (0.00031,0.00109) <0.0001 145 0.10876 (0.06409,0.15344) <0.0001 148
Total effect 000482 (0.00401,0.00562) <0.0001 100.0 073559 (0.64425,0.82693) <0.0001 100.0

Cl, confidence interval; CDE, controlled direct effect; INTmed, mediated interaction; INTref, reference interaction; PIE, pure indirect effect; Total effect = CDE + IN'Tref + INTmed + PIE.
“Adjusted for age, gender, ace, esidence, type of family, nature account, monthly income, eligious belcf, education level, marita status, number of children, career satus, health insurance,
medications taken, smoking status, and drinking status.
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Predisposition traits
Gender
Male
Female
Age
60-69
70-79
80
Marital status
Have a spouse
No spouse
Living alone
Yes
No
Education level
Tliterate
Elementary school
Beginning
High school
College degree or above

Children quantity

Flow range

istry
Out of province
Flow time (year)

0-1

Enable resources
Personal monthly income (RMB)
0-1,000
1,000-2,000
2,001-3,000
3,001-4,000
4,000~
Pension insurance
Yes
No
Health insurance
Yes
No
Convenience to visit
Yes
No
Time to health centers (min)
0-10
10-29
30-59
60-
Need factors.
Self-assessed health status
Bad
General
Good
Number of chronic diseases
0
1

Sick for the past 2weeks
Yes
No

Health services awareness

Health service needs

N (%)/M
(Qzs, Qrs)

285 (50.2)
283 (49.8)

416 (73.2)
121 21.3)

31(55)

434 (76.4)

134 (23.6)

110 (19.4)

458 (80.6)

110 (19.4)
136 (23.9)
138 (243)
84(14.8)

100 (17.6)

43(7.6)
359 (63.2)
136 (23.9)

30(5.3)

280 (49.3)
288 (50.7)

145 (25.5)
197 (34.7)
165 (29.1)

61(10.7)

133 (23.4)
165 (29.1)
120 (21.1)
59 (10.4)

91(16.0)

366 (64.4)

202 (35.6)

496 (87.3)

72(127)

388 (68.3)

180 (31.7)

79 (13.9)
191 (33.6)
211 (37.2)
87(153)

176 (31.0)
179 (31.5)

213 (37.5)

211(37.2)
198 (349)
110(193)

49 (8.6)

105 (18.5)
463 (81.5)
25(0,7)
25(0,10)

“The bold data indicates that p value less than 0.05.

37(13.0)

36(127)

47 (11.3)
21(17.4)

5(16.1)

52(120)

21(157)

18 (16.4)

55(12.0)

1917.2)
22(16.2)
21(15.2)
9(10.7)

2(20)

3(7.0)
47(13.1)
19(14.0)
4(133)

36 (129)
59 (20.5)

30/(20.7)
42(213)
30(18.2)

8(13.1)

19(14.3)
27(16.4)
15(125)
6(10.2)

6(66)

61(16.7)

12(59)

65(13.1)

8(11.1)

61(15.7)

12(6.7)

15(19.0)

31(16.2)

22(10.4)
5(58)

39(22.2)
16 (8.9)
18(8.5)

8(38)
31(15.7)
17(155)
17(34.7)

49 (46.7)
24(52)
1(0.6)
6(0,11)

Outpatient services
2z

0.009

3385

1245

1502

14.808

1502

1462

5911

5636

1337

0233

9.001

9631

19.743

38392

131502

2112

-2.719

0926

0.184

0.265

022

0.005

0.682

0227

0116

0228

<0.001

0.637

0.003

0.022

<0.001

<0.001

<0.001

0.035

0.007

n (%)

62(21.8)

47 (16.6)

61(14.7)
35(28.9)

13(419)

71(16.4)

38 (28.4)

28(25.5)

81(17.7)

37(33.6)
28(20.6)
25(18.1)
10(11.9)

9(9.0)

3(7.0)
56(15.6)
38(27.9)
12(40.0)

29(104)

33(115)

16 (11.0)
26(13.2)
2(133)

7(11.5)

37(27.8)
37(224)
18 (15.0)
11(18.6)

6(6.6)

81(22.1)

28(139)

103 (20.8)

6(8.3)

88(22.7)

21(11.7)

19(24.1)
48(25.1)
30(14.2)

12013.8)

62(35.2)
29(16.2)
18(8.5)

0(4.7)
42(21.2)
28(25.5)
29(59.2)

44419)
65 (14.0)
2(0,6)
5(1,11)

Inpatient services

X1z

2425

23.234

9506

3452

24,649

22216

0.003

1383

18,181

574

6267

9618

10548

46.062

82.259

42.857

1227

-2.779

0119

<0.001°

0.002

0.063

<0.001

<0.001

0.96

07

0.001

0.017

0.012

0.002

0.014

<0.001

<0.001

<0.001

022

0.006
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EQ-5D EQ-VAS

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

95%CI P 95%CI 95%CI 95%CI 95%CI 95%CI
HLS-SF12
Q1 Ref Ref Ref Ref Ref Ref
Q2 0.099 (0.077,0.121) <0.0001 0.098 (0.076,0.120) <0.0001 0.08 (0.059,0.101) <0.0001 11.118 (8.708,13.528) <0.0001 10.545 (8.154,12.935) <0.0001 9.384 (7.007,11.761) <0.0001
Q3 0.122(0.104,0.139) <0.0001 0.12(0.103,0.138) <0.0001 0.097 (0.081,0.114) <0.0001 11.908 (10.029,13.786) <0.0001 11.544 (9.677,13.411) <0.0001 10.253 (8.381,12.125) <0.0001
Q1 0131(0.1130.149)  <00001  0.129(0.110,0.147)  <0.0001 | 0.105(00880.123)  <0.0001 | 18157 (16.17220.142) | <0.0001 | 17318(15340,19296)  <0.0001 15984 (13991,17.977)  <0.0001
P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
NGSES
Q Ref Ref Ref Ref Ref Ref
Q 0.030 (0.011,0.049) 0.002 0.030 (0.011,0.049) 0.002 0.024 (0.007,0.042) 0.007 4.192(2.119,6.265) <0.0001 4.187 (2.132,6.242) <0.0001 3.737(1.729,5.745) <0.001
Q3 0.081 (0.064,0.099) <0.0001 0.078 (0.060,0.096) <0.0001 0.062 (0.045,0.079) <0.0001 10.039 (8.099,11.979) <0.0001 9.255(7.328,11.182) <0.0001 8.536 (6.642,10.430) <0.0001
Q4 0.063 (0.039,0.087) <0.0001 0.062 (0.038,0.086) <0.0001 0.057 (0.035,0.079) <0.0001 13.184 (10.564,15.804) <0.0001 12.427 (9.832,15.022) <0.0001 12.14(9.607,14.673) <0.0001
P for trend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

BMI, body mass index.
Model 1 unadjusted for covariates.

Model 2 was adjusted for age, gender, race, residence, type of family, nature account, monthly income, eligious belief, education level, marita status, number of children, career status, and health insurance.
Model 3 was adjusted as model 2 plus medications were taken, smoking status, and drinking status.
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Overall (n Overall (n =2025)

Gender Race
Female 964 (47.6) Han Chinese 1900 (93.8)
Male 1061 (524) Other 125(6.2)
Age(years) Religious belief
<18 a2(21) No 1944 (96.0)
19-45 571(28.2) Yes 81(4.0)
46-60 699 (34.5) Education level
>60 713(35.2) No formal education 185(9.1)
Residence Junior high school and below 680 (33.6)
Urban 1431 (707) High school, junior college 647 (32.0)
Rural 594(29.3) College 424/(209)
‘Type family Master or above 89 (44)
Core family 890 (44.0) Marital status
Intergenerational family 49(24) Marred 1581 (78.1)
Joint family 102 (5.0) Unmarried 24(11.1)
Married family 367 (18.1) Divorce 59(29)
Other families 98(4.8) Widowed 161 (8.0)
Single parent families 78(39)
Trunk family 441(218) Childless 280(13.8)
Chronic disease number A child 759 (37.5)
1 1431 (707) Two children 650 (32.1)
2 409(202) >Three children 336 (16.6)
>3 185 9.1) Nature account
Monthly income Agricultural 840 (41.5)
<3000 673(332) Non-agricultural 1185 (58.5)
3001-6000 780 (38.5) Career status
6001-9000 331(16.3) Incumbency 756 (37.3)
9000 241(11.9) No fixed occupation 633 (31.3)
Health insurance Retirement 487 (24.0)
Commercial health insurance 52(26) Student 149(7.4)
Employee medical insurance 657 (324) Disability status
Public expense 46(23) No 1817 (89.7)
Resident medical 988 (48.8) Yes 208 (10.3)
Self-pay 282(13.9) Smoking status

Never 1328 (65.6)
Medications are taken Quit smoking 32716.1)
No 634(31.3) Smoking 370 (18.3)
1 542(26.8) Drinking status
2 454(224) No 1100 (543)
23 395(19.5) Yes 925 (45.7)
BMI 2283 (3.46)
EQVAS 7493 (18.14)
Score EQ 0,89 (0.16)
Score NGSES 2829 (5.26)

Score HLS-SF12 3158 (8.06)
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Administrative levels Variable (reference group) Model | Model Il

OR value (95% CI) OR value (95% CI)

=0)
2777+ 2629%
Have
(1.288-5.986) (1.192-5.795)
Self-care of life (can=0)
3.699%* 38074
Difficulty
(1.732-7.901) (1628-8.904)
Individual trait
Anxiety (none=0)
4758+ 4377%%%
Have
(2476-9.145) (2.119-9.039)
Self-rated health (good=0)
24140 1912
Mal
(1.415-4.119) (1.090-3.353)
Sleep (g00d =0)
1.990%

Mal
(0.991-3.993)
Life behavior
Nutritional balance (Yes=0)

1183
- 0795-3.055)
=2 Log-likelihood value 493.908 440.172*
Cox-Snell R* 0.056 0.094
Nagelkerke R* 0.160 0.268
Coefficient comprehensive test <001 Pp<00l

The Hosmer—Lemeshow test

Chi-square value 2.103 7.788
Free degree 4 8
P price 07 0.454

#p<0.05, **p<0.01, ***p < 0.001.
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Administrative levels Variable

Monthly income Degree of education Chronic disease ‘Take care of yourself Anxious

12145 5.28% 15.62%% 3187+ 67,63
Individual trait
Health self-evaluation

29.90%
Movement Personal interest Sleep Eatbreakfast on time | Nutritive equilibrium
Life behavior
17.10%% 390 16.46%% 10.06%% 30547

*p<0.05, **p<0.001.
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Influence factors  Latent profiles siIC SIRC MSNC FSIC

sic REF 0974 0.899* 0.824* 0938
SIRC 1027 REF 0923 0.846* 0963
Daily living activity ability ~ MSNC 1113% 1084 REF 0917 1044
FSIC 1213 1182* 1090 REF 1138
HSNC 1.066 1038 0958 0878 REF
siC REF L176% 140255 1109 131755
SIRC 0.850* REF 11925 0943 1120
Cognitive ability MSNC 07130 0.839%%* REF 0791+ 0940
FSIC 0.901 1060 1264%% REF 1187
HSNC 0.759%+ 0893 1064 0842 REF

SIC-HSNC were social solation category; social isolation risk category, medium-level social network category,friend-type social isolation category, and high-level social network category,
respectively. *p < 0.05, **p < 0.01, ***p < 0.001. Bold values indicated that the influence of covariates on the probability of state transition were statistically significant.





OPS/images/fpubh-12-1430202/fpubh-12-1430202-g001.jpg
effect (NTn).

Mediator: Selfefficacy

'
v

Health literacy * self-effcsey

Exposure: Hea

Hieraey 5 Outcome: Qualit o life T

~> Outcome: Quality oflife

Mediated interaction effect (NTac) Pure indirect effect (PIE)

Medistor: Selfeffcacy

Lo

Healh lteracy x self-eflcacy

Exposure: Health literacy —

Ty - meee-—-—3 Outcome: Quality oflife






OPS/images/fpubh-12-1465937/fpubh-12-1465937-t003.jpg
Category Dimension Clauses and subclauses Score Dimension total Dimension

score average score
3. Mental stress 6
4. Lack of willpower 2%
Anxious 198 495
5. Low mood 30
8. Worry and insomnia 7
1. A waste of time 27
2.D0 not hesitate 2
Psychological wellbeing
6. Do not enjoy life 17
Impaired social functioning 125 208
7. Escape from difficulties 16
10. Inconcentration 19
12. Not happy 7
9. Loss of confidence 13
Loss of confidence 26 13.0
11 No value 13
1..Go out independently 2
2. Buy items 20
of daily living 3. Deposit and withdrawal 2 881 1762
4. Visit chat 791
5. Discuss with your family 2
6. Ascend the stairs 38
7. Stand 2
Physical function 8. 15min on foot 17 261 522
9. Fell down within 1year 7
10. Fear of falling down 107
17. Memory deterioration 91
Cognitive function 18. Make an independent call 1 134 447
Fraily status
19. Date 29
Nutritional status 1. Loss of weight a2 a2 2
12. Chewing ability 30
Oral cavity function 13. Bucking 36 125 47
14. Thirsty 59
15. Leave home 17
Social activities 46 »
16. The number of out 2
20. Life is boring 2
21. Vapidity 2
Depressive emotions 22.Too lazy to do 2 105 2
23, Feeling of uselessness 16
24. Tired 2

The average score of the dimension is the number of items in the dimension and divided by the number of items in the dimension.
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SIRCvsSIC

FSICvsSIC
B

OR

Vi
Gender 0.112
Household
0.370%%

registration
Marital status 0.195
Daily living activi

v ® ol 0.123**
ability
Cognitive ability 0035

MSNCvsSIC
B OR
1119, 0.168 1183
1448 0.540%+% 1716
1215 0209 1232
1131 0.142%%% 1153
1,036 0.196 1101

0219

0.020

~0.112

0.093%5*

031454+

1245

1020

0894

0911

0.731

HSNCvsSIC
B OR
—0.062 0940
0.381% 1464
0.367% 1443
0.152% 1164
0.191% 1210

SIC. SIRC, MSNC, FSIC, and HSNC were social isolation category, social isolation risk category, medium-level social network category, friend-type social isolation category, and high-level

social network category, respecively. ), standardized regression coefficient. O, Odds Ratio. *p < 0 0.05, p < 0 0.01, ***p < 0.001. Bold values

significant effect on the latent state probability.

icated that the covariates had a statistically
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Life behavior

Smoke

Drink

Movement

Eat breakfast on time

Sleep

Personal interest

Nutritive equilibrium

No
No
Yes

Good
Bad
Have

Not have

Yes

No

Male (n = 572) Fel

196 (34.3%)
376 (65.7%)
184 (32.2%)
388 (67.8%)
446 (78.0%)
126 (22.0%)
52 (9.1%)
520 (90.9%)
64(11.2%)
508 (88.8%)
416 (72.7%)
156 (27.3%)
388 (67.8%)

184 (32.2%)

14(1.9%)
736 (98.1%)
16/(2.1%)
734 (97.9%)
545 (72.7%)
205 (27.3%)
70(9.3%)
680 (90.7%)
90 (12.0%)
660 (85.0%)
562 (74.9%)
188 (25.1%)
507 (67.6%)

243 (324%)

le (n =750)

Total
210 (15.9%)
1,112 (84.1%)
200 (15.1%)
1,122 (84.9%)
991 (75.0%)
331 (25.0%)
122(9.2%)
1,200 (90.8%)
154 (11.6%)
1,168 (88.4%)
978 (74.0%)
344 (26.0%)
895 (67.7%)

427 (32.3%)

Ip
254935
P <0.001

£ =227.985
<0001
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SIRCvsSIC

B OR
Gender 0.256% 1.292
Household
0.503%+% 1.654
registration
Marital status 0.135 1145
Daily living activi
4 ® ol 0.158%** L171
ability
Cognitive ability 0.198+% 1219

MSNCvsSIC
B OR
0192 1212
0.292* 1339
~0048 0953
0.223%5* 1.250
0.186%%* 1204

FSICvsSIC HSNCvsSIC
B OR B OR
0171 1186 0.039 1.040
0238 1.269 —0.061 0941
—0552+% 0576 0.126 1123
—0.091* 0913 0.120% 1127
~0.037 0964 0456++% 1158

SIC, SIRC, MSNC, FSIC, and HSNC were social isolation category, social isoation risk category, medium-Jevel social network category,friend-type social solation category, and high-level
social network category, respectively. , standardized regression coefficient. OR, Odds Ratio. *p < 0.05, *#p < 0.01, ***p < 0.001. Bold values indicated that the covariates had a statistcally

significant effect on the latent state probability.
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Variable Divide into Frequency Constituent

groups (n) ratio (%)
Man 575 433
Sex
Woman 757 567
60-69 91l 659
Age (years) | 70-79 365 276
280 46 35
<185 29 22
BMI 185 <BMI<240 769 582
2250 524 396
Married (with a spouse) 1110 840
Marital
Divorced or widowed/
status 212 160
unmarried persons
Living Living alone 185 140
situation Not living alone 1,137 86.0
Monthly | Below 1,000 yuan 61 46
income 1,000-3,000 yuan 316 239
(YUAN) More than 3,000 yuan 945 715
Junior high school and
804 608
below
Degree of
High school/technical
educat 377 285
secondary school
College degree or above 141 107
Types of
X Spouses, children 1284 97.1
caregivers
Non-immediate family
9 07
members
Take care of oneself 29 22
Take care of |~ Complete self-help 1,269 9.0
yourself Alitle bit difficult 53 40
Noanxiety 1,257 95.1
Anxious
Have anxiety 65 49
Chronic Not have 428 324

disease Have 894 67.6
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T2 (2018)

MSNC  FSIC
SIC 0588 0153 0192 0.035 0032
SIRC 0042 0.687 0218 0.013 0040
ko
MSNC 0059 0241 0.617 0.024 0059
(2016)
FSIC 0032 | 0084 0227 0.631 0026
HSNC | 0011 0223 0397 0.022 0347

SIC. SIRC, MSNC, FSIC, and HSNC were social isolation category, social isolation risk
category, medium-level social network category,friend-type social isolation category, and
high-level social network category, respectively. The bold value indicated the probabilites of
remaining in the original categories from T1 to T2.
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Latent Entropy LMR-LRT(p) BLRT(p)

profiles

1 136016053 136098.632 136060.499

2 124693.719 124824.469 124764.091 0.804 <0001 <0001

3 120394.936 120394.936 120312313 0835 <0001 <0001
T1(2016)

4 118325.265 118552356 118447.489 0831 <0001 <0001

5 116470.545 116745.807 116618.696 0840 <0001 <0001

6 115707.075 116030.508 115881152 0826 <0001 <0001

1 134988.305 135070.884 135032.75

2 122459.189 122589.938 122529561 0822 <0001 <0001

3 119318955 119497.876 119415.254 0770 <0001 <0001
T2(2018)

4 117511627 17738719 117633.852 0822 <0001 <0001

5 115492.199 115767.462 115640351 0845 <0001 <0001

6 114699915 115023.348 114§73.993 0.857 <0001 <0001

AIC, Akaike Information Criteria. BIC, Bayesian Information Criteria. aBIC, Sample-Size Adjusted BIC. LMR-LRT, Vuong-Lo-Mendell-Rubin Likelihood Ratio Test. BLRT: Bootstrapped
Likelihood Ratio Test.
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Internet use

Friend network
Volunteer activities
Gender

Age

Education

Marital status

Residency area

Self-rated Health

Activity of daily living
Chronic

Smoke

Logged Household Income
Elder abuse

Work status

General atttude toward aging
Selfattitude toward aging
Negative event

Constant

Number of observations
Frtest

Resquared

Wald chi-squared

Stack-Yogo weak IV test critical
values (10%)

Endogeneity test p-value

Model 1

03122### (0.0099)

0.0011 (0.0013)
0.0492%%% (0.0093)
00083 (0.0090)
~0.0084%** (0.0006)
0.0435%%* (0.0032)
0.0221%* (0.0085)
0.0628%** (0.0085)
0.0009 (0.0050)
~0.0101 (0.0120)
0.0155°% (0.0030)
0.0007 (0.0097)
~0.02317** (0.0030)
0.0081 (0.0188)
0.0081** (0.0029)
~0.0073* (0.0036)
~0.01087** (0.0012)
0.0106 (0.0097)
0.8190%% (0.0565)
5558
988.69%+

03385

Model 2

~0.9200°+* (0.2683)
~0.0947%* (0.0125)
~0.3254+* (0.0828)
~0.1104 (0.0818)
0.0089 (0.0068)
—0.0367 (0.0344)
—0.4359%** (0.0827)
—0.1144 (0.0898)
0.5719%*# (0.0475)
0.0432 (0.1171)
0.1335%% (0.0263)
0.2983%%% (0.0844)
~0.14867* (0.0298)
0.7381%%% (0.1469)
~0.0920%* (0.0303)
0.4465%%% (0.0347)
0.13874%% (0.0116)
0.5645%%% (0.0786)
3.0274%%% (0.5942)

5,558

1575.90%%%

1638

0.9606

Robust standard errors are presented in parentheses. ***p<0.001, **p <001, *p<0.05.
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Variable Model 1
Internet use —2.0703%** (0.1544)
Friend network

Volunteer activity participation

Gender

Age

Education

Marital status

Residency area

Self-rated Health

Activity of daily living

Chronic

Smoke

Logged Household Income

Elder abuse

Work status

General attitude toward aging

Self-attitude toward aging

Negative event

Constant 11.5383%% (0.0582)
Number of observations 5302

Fotest 179.71%4%
Resquared 0035

Robust standard errors are presented in parentheses. ***p<0.001, *#p<0.01, *p <0.05.

Model 2
—17561%%* (0.1532)
~0.1672%%* (0.0181)

—11907#%# (0.1111)

12,9429 (0.1395)
5302
n74145%

0.069

Model 3
—0.9760%** (0.1468)
~0.1309%** (0.0165)
~0.5440%** (0.1100)

~0.1461 (0.1121)
0.0248** (0.0086)
—0.0267 (0.0429)
—0.6118%** (0.1113)
~0.0431 (0.1206)
0.7648%** (0.0652)
~0.2268 (0.1551)
0.1895%** (0.0347)
0.5173%%* (0.1196)
—0.1965%** (0.0399)
1.0464%%* (0.1993)
—0.2267%** (0.0427)
0.7688%** (0.0466)
0.1358%%* (0.0149)
0.7535%%* (0.1091)
6.1912%%* (0.7655)
5,302
94.28%%

0239
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Variable Model 1
Internet use ~0.4942%+% (0.0305)
Friend network

Volunteer activity participation

Gender

Age

Education

Marital status

Residency area

Self-rated Health

Activity of daily living

Chronic diseases

Smoking

Logged household income

Elder abuse

Work status

General attitude toward aging

Self-attitude toward aging

Negative event

Constant 7.5341%%* (0.0604)
Number of observations 5,558

Fotest 262,494+
Resquared 0048

Robust standard errors are presented in parentheses. ***p<0.001, *#p<0.01, *p<0.05.

Model 2
~0.4356%** (0.0303)
~0.1210%%* (0.0133)

~0.7638%** (0.0844)

84599+ (0.1079)
5558
1353155

0.075

Model 3
~0.2690%** (0.0295)
~0.0935%+* (0.0123)
—0.3260%** (0.0821)

~0.1069 (0.0816)
0.0076 (0.0063)
~0.0324 (0.0320)
~0.4353°* (0.0827)
—0.1018 (0.0873)
0.5707%** (0.0475)
0.0383 (0.1173)
0.1353%%* (0.0256)
0.2947%%* (0.0842)
~0.1508*** (0.0296)
0.7411%%* (0.1473)
—0.0893** (0.0303)
0.4427%%* (0.0347)
0.1373%% (0.0113)
0.5656%** (0.0785)
341504+ (0.5757)
5558
93664+

0234
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Asymptotic 95% Confidence Interval Sensitivity ~ Specificity =~ Asymptotic

(%) (%) Sig.

Lower bound Upper bound
Logistic 0.900 0019 0.863 0938 699 931 <0.001

Decision tree | 0.860 0023 0.816 0904 664 93.1 <0.001
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Variable Model 1
Internet use ~1.7489%%* (0.1153)
Friend network

Volunteer activity participation

Gender

Age

Education

Marital status

Residency area

Self-rated Health

Activity of daily living

Chronic

Smoke

Logged Household Income

Elder abuse

Work status

General attitude toward aging

Self-attitude toward aging

Negative event

Constant 7.031744% (0.0423)
Number of observations 5,558

Fotest 22998+
Resquared 0043

Robust standard errors are presented in parentheses. ***p<0.001, *#p<0.01, *p<0.05.

Model 2

~1.5300%% (0.1144)
~0.1232%%% (0.0133)

~0.76647% (0.0846)

8.0302%** (0.1015)
5,558
124564%

0071

Model 3
~0.9321%% (0.1091)
~0.0946%+% (0.0123)
~0.32487+% (0.0823)

~0.1106 (0.0817)
0.0087 (0.0063)
—0.0360 (0.0320)
~0.4358%+* (0.0828)
—0.1134 (0.0871)
0.5719%+* (0.0476)
0.0432(0.1174)
0.13374% (0.0258)
0.2985%** (0.0843)
—0.1485%** (0.0296)
0.7382%%* (0.1472)
~0.0919* (0.0303)
0.4464%+* (0.0347)
0.1385%+* (0.0113)
0.5648*** (0.0786)
3.0367*** (0.5679)
5558
92414+

0233
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Independent variables
Education level
Junior high school above
Junior high school and below
BMI
Overweight and obesity
Normal
Alcohol
Yes
No
Physical activity level
>3000 MET-min/w
<3000 MET-min/w
The longest consecutive sitting time
>2
<2
PSQl
Poor
Good

PSQI Pittsburgh sleep quality index.

SE

0432

0355

0377

0396

0370

0410

Wald 2

5.854

13502

6357

48.125

13311

10747

0016

0.000

0012

0.000

0.000

0001

OR

2843

3.686

0386

0.064

3853

3832

95%Cl

1219-6.626

1.000

1838-7.393

1.000

0.184-0.809

1.000

0.030-0.140

1.000

1867-7.953

1.000

1716-8.557

1.000
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Internet use

Friend network
Volunteer activity par
Gender

Age

Education

Marital status
Residency area
Self-rated Health
Activity of daily living
Chronic

Smoke

Logged Household Income
Elder abuse

Work status

General atttude toward aging
Self-attitude toward aging

Negative event

VIF

124

104

L

132

127

136

122

150

L15

114

L1

129

143

106

122

110

116

1VIF
0805126
0960085
0899408
0756706
0.786539
0737461
0821087
0667773
0867691
0873373
0878557
0774246
0699618
0946910
0819119
0905909
0864544

0929674
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Variables Assignme

Sedentary behavior 0= Yes

Age 1=<70,2=270

Education level 1= Junior high school and below, 2 = Junior high
school above

Marital status 1 = Married, 2 = Unmarried/divorced/widowed

Residence status 1 = Living with others, 2 = Living alone

Caregiver 1=Yes, 2=No

Occupational status 1= Occupational status, 2 = Farmers and employed

BMI 1 = Normal, 2 = Overweight and obesity

Comorbid chronic diseases  1=0~2,

>3
Limb function impairment 0= No, 1 = Yes
Smoking 0=No, 1=Yes
Alcohol 0=No, 1=Yes

Complications

Walking abiliy level

Physical activity level 1= <3000 MET-min/w, 2 = >3000 MET-min/w.

The longest consecutive 1=22,

sitting time (hours)

Depressive symtoms 0=No,
SSRS (scores) 1=<32,2=532
PsQl 1= Good, 2 = Poor

SSRS, social support; PSQL Pittsburgh sleep quality index.
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Variable 1

1. Depression 1.000

2. Internet use —0.208%+% 1000

3. Volunteer activity participation —0.131%%% 0.096%+* 1.000

4. Friend network ~0.1425* 01165+ —0.041%* 1000

5. Gender —0.044%* 0.017 0.002 0.008 1.000

6. Age [ATER —0.2374% —0.024 ~0080%** —0.031% 1.000
7. Education —0.143+* 03245+ 0.055%+* [RIER 0.165%* —0.179%+*
8. Marital status —0.149%+% 0.130%+ 0.046%+* 0,070+ 0.255%%% —0.309%*
9. Residency area —0.127%%% 0.2414%% 0.146** 0,044 ~0.054%%% 0.014
10. Self-rated Health 02554 —0.048%+* —0.053+5* ~0066%** —0.045%* 0.114%5%
11. Activity of daily living 01004 ~0.039%* 0.003 ~0.028* ~0.0654+* 0.194%+
12. Chronic 01364 0.0524% —0.122%5% 0.024 —0.092++* 0.095%4%
13. Smoke 0.025 0.037+ ~0.1334%% 0.047%5% 0.419%% —0.032¢
14. Logged Household Income ~0.163%% 0.203%% 0,183+ [RIER 0.034% 0,035
15. Elder abuse 0091 0.009 0.040°* 0.005 0.003 0.002
16. Work status ~0059%** 0.004%% 0.099%* -0010 —0.071%* 0.154%4%
17. General atitude toward aging 0.252%%% —0.053++* —0.098++* ~0.035%% 0011 ~0.007
18. Self-attitude toward aging 0.287%%% ~0.189%+* —0.070%+ ~0.044%% —0.054%++ 0.104%%%
19. Negative event 0.153%%% 0.024 ~0.023 0015 ~0.023 00357
Variable 7 8 9 10 11 12

7. Education 1.000

8. Marital status 0,194 1.000

9. Residency area 03195+ 0.037+ 1000

10. Self-rated Health ~0.056++ ~0.089%+* —0.018 1.000

11. Activity of daily living —0.049%* ~0.082+%% 0.022 0238+ 1000

12. Chronic 0.008 —0.078%+* 0,063+ 0.249%%% 0.165%+ 1.000
13. Smoke 0.108%+ 0.135%% ~0.044%%% —0.012 ~0.077+%% —0.052+++
14. Logged Household Income 033944 0114+ 0,450+ ~0046%+ 0.012 0023
15. Elder abuse 0.030% 0.002 ~0.014 0.0424% 0.149°%% 0.009
16. Work status 0132445 —0.054%%* 037345 0.051%+% 0.078%+ 0015
17. General atttude toward aging 0.030% —0.013 —0.025 0.109%+% 0.013 0.034%
18. Self-atiitude toward aging —0.159%+% ~0.109%%* —0.080%** 0.140%+ 0,087+ 0.044%%
19. Negative event 0.005 —0.038% 0.012 [T 0.132%%% 0.149%%
Variable 13 14 15 16 17 18 19
13. Smoke 1.000

14. Logged Household Income 010945 1000

15. Elder abuse 0.026 0.015 1.000

16. Work status —~0.080%** 0,203 0.008 1000

17. General attitude toward aging 00754 0015 0.029% ~0.025 1.000

18. Self-attitude toward aging —0.047%%% —0.142%%% 0078 0.032% 02414 1.000

19. Negative event 0,039 0.009 0158 0037%* 0.106%* 0,056+ 1.000

#5%p.<0.001, **p<0.01, *p<0.05; the bolded variables are binary categorical variables. The meaning of the Italic values is Cramér's V coefficient.
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Characteristics Number of cases  Sedentary behavior

(N = 346) (N =233)

Age (in years) 10117 0.001
<70 178(51.4) 106(59.6)
270 168(48.6) 127(75.6)

Gender 0.839 0360
Male 193(55.8) 126(65.3)
Female 153(44.2) 107(69.9)

Education level 8215 0.004
Junior high school and below 254(73.4) 160(63.0)
Junior high school above 92(26.6) 73(79.3)

Marital status 4907 0027
Married 249(72.0) 159(63.9)
Unmarried/divorced/widowed 97(28.0) 74(76.3)

Residence status 5539 0019
Living with others 289(83.5) 187(64.7)
Living alone 57(16.5) 46(80.7)

Caregiver 4230 0040
No 319.0) 26(83.9)
Yes 315(91.0) 207(65.7)

Occupational status 6748 0.009
Retired and jobless 243(70.2) 174(71.6)
Farmers and employed 103(29.8) 59(57.3)

Monthly income 0.007 0935
<3,000 59(17.1) 40(67.8)
23,000 287(329) 193(67.2)

BMI 18.868 <0.001
Normal 184(53.2) 105(57.1)
Overweight and obesity 162(46.8) 128(79.0)

Comorbid chronic diseases 9.750 0002
0~2 295(85.3) 189(64.1)
>3 510147) 44(86.3)

Family history of stroke 0030 0.863
No 244(70.5) 165(67.6)
Yes 102(29.5) 68(66.7)

Limb function impairment 13.216 <0.001
No 247(71.4) 152(61.5)
Yes. 99(28.6) 81(81.8)

Smoking 4329 0037
No 257(743) 181(70.4)
Yes 89(25.7) 52(58.4)

Alcohol 4943 0026
No 233(67.3) 166(71.2)
Yes. 113(32.7) 67(59.3)

History of falls (in 1 year) 0.179 0672
No 330095.4) 223(67.6)
Yes 16(4.6) 10(62.5)

Complications 9717 0002
< 204(59.0) 124(60.8)
21 142(41.0) 109(76.8)

Walking ability level 4325 0038
2 39(11.3) 32(82.1)
>2 307(88.7) 201(65.5)

Physical activity level 94547 <0.001
<3000 MET-min/w 237(68.5) 199(84.0)
>3000 MET-min/w. 109(31.5) 34(31.2)

‘The longest consecutive sitting time (hours) 71905 <0.001
< 151(43.6) 65(43.0)
>2 195(56.4) 168(86.2)

Depressive symptoms 25353 <0.001
No 227(65.6) 132(58.1)
Yes 119(34.4) 101(84.9)

SSRS (scores) 10.989 0.001
<32 182(52.6) 137(75.3)
>32 164(47.4) 96(58.5)

PSQI 27523 <0.001
Good 231(66.8) 134(58.0)
Poor 115(33.2) 99(86.1)

Exegesis: the social support scores were classified by mean value.
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Variable Total No internet use Internet use 2 or t-test p-value

(n=5,558) (n=4,727) (n=831)

Dependent variable

Depression 67702 (2.9997) 7.0317 (2:9053) 5.2828 (3.0946) 15.845 p<0.00
Independent variable
Internet use 0.1495 (0.3566)

Mediating variable
Friend network 64003 (3.0714) 6.2511(3.0737) 7.2491 (29180) ~8.696 <0001

Volunteer activity participation

No 3,79 3317 479 51.2475 <0001
Yes 1762 1410 352
Instrumental variable
Network signal

3403 3366 37 13403 p<oo01
Have signal 2155 1,361 794
Control variable
Gender
Female 2717 2328 389 L6811 p=0.195
Male 2841 2399 442
Age 730599 (6.5512) 737121 (6.6381) 69.3502 (4.4991) 18.220 p<0001
Education 29000 (1.3262) 27197 (1.2934) 3.9254 (1.0068) ~25546 p<0001
Marital status
No spouse 1828 1,676 152 943390 p<oo01
Have a spouse 3730 3,051 679
Residency area
Rural 2184 2091 9 3235119 p<oo01
Urban 3374 2636 738
Self-rated Health 26571 (08318) 2.6738 (0.8388) 25620 (0.7843) 3578 p<0001
Activity of daily living
No 4851 4,100 751 84218 p=0004
Yes 707 627 80
Chronic 15846 (1.5291) 15515 (1.5005) 17726 (16712) -3.848 p<0001
Smoke
No 3792 3259 533 7.5265 p=0.006
Yes 1766 1468 298
Logged Household Income 8.2056 (1.4482) 80823 (1.4914) 8.9070 (0.8937) ~15.460 p<0001
Elder abuse
No 5256 4474 782 0.4075 p=0523
Yes 302 253 49
Work status 43782 (1.2861) 43275 (1.3205) 4.6667 (1.0230) ~7.042 p<0001
General attitude toward aging 26898 (1.1002) 27144 (1.0981) 25499 (1.1029) 3979 p<o001
Selfattitude toward aging 209351 (3.5131) 212139 (3.3588) 19.3490 (3.9287) 14371 p<0001
Negative event 0.2008 (0.4693) 0.1961 (0:4612) 0.2274 (0.5125) -1775 p=0076

Standard deviations are presented in parentheses; the categorical variable indicates the frequency of each type.
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sedentary_behavior

Node 0

Category % n
No 327 113
Yes 67.3 233

Total 100.0 346

=

Physical_activity_level
Improvement=0.120

<3000MET-min/w >3000MET-min/w
Node 1 Node 2
Category % n Category % n
" No 16.0 38 = No 68.8 75
B Yes 84.0 199 B Yes 312 34
Total 68.5 237 Total 31.5 109
= .
The_longest_consecutive_sitting_ Psal
time Improvement=0.021

Improvement=0.017

>‘Z slz Poor Good
Node 3 Node 4 Node 5 Node 6
Category %  n Category %  n Category %  n Category %  n
= No 86 14 = No 324 24 = No 37.0 10 = No 793 65
B Yes 91.4 149 5 Yes 67.6 50 B Yes 63.0 17 B Yes 207 17
Total 47.1 163 Total 214 74 Total 78 27 Total 237 82
= O
BMI Depressive_symtoms
Improvement=0.016 Improvement=0.012
Overweight and obesity Normal Yes No
Node 7 Node 8 Node 9 Node 10
Category % n Category % n Category % n Category % n
= No 1.8 4 = No 50.0 20 = No 333 3 = No 849 62
B Yes 88.2 30 B Yes 50.0 20 B Yes 66.7 6 B Yes 151 11
Total 98 34 Total 11.6 40 Total 26 9 Total 211 73
[ =
Age

Improvement=0.009

=70 <‘70
Node 11 Node 12
Category % n Category % n
uNo 318 7| [mNo 722 13
HYes 68.2 15 H Yes 278 5
Total 64 22 Total 52 18
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Factor

Expectations for explanation | ¢
of the llness »
Expectations for emotional | ¢
support »
Expectations for test- and .

treatment-related information

SF-36, Short Form Health Survey; PE, physical functioning; R, role physical: B, bodily pain; GH, general health; V'T, vitality; S, social functioning; RE, role emotional; MH, mental health;
p-value; , Spearmans rank correlation coefficient.

“Statistically significant

PF
—0.194
0.000%
—0317
0.000%
—0.167

0.000%

RP
—0.067
0.002%
—0.237
0.000%
—0.024

0.285

BP
~0.112
0.000%
~0245
0.000*
~0077

0.001*

GH
0057
0.010%
0043
0055
0038
0083

VT
0.019
0.401

—0.176
0.000%
0.060

0.007%

SF
0128
0.000%
-0.178
0.000%
0183

0.000%

RE
—0.003
0.900
—0.228
0.000%
0042

0.060

MH

0.062
0.005%
-0.222
0.000%

0.105

0.000¢

SF-36

~0.082

0.000¢
~0317
0.000¢
—0.035

0.110
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Mental health Positive emotion Depression emotion

Below average Above average Below average Above average Below average Above average

Financial Support 0.060% (1.84) 0.069%+* (281) 0,014 (1.40) 0,033 (4.14) ~0.046 (~1.44) ~0.036 (~1.56)
Daily care 068545 (=2.56) | —1374%F (~5.24) 03087+ (3.79) 0,358+ (4.24) 0.993%%% (3.76) L731#% (7.00)
Emotional comfort 0.018(1.32) 0.031%%% (261) 0.006 (1.56) 0.003(0.73) ~0011(<0.86) —0.028** (-2.51)
Control Controlled (Mediate variable is involved)

Constant 26.000%%* (22.64) 24.760%+* (21.99) 4.151%+% (11.91) 3.107+4# (8.57) 18.151%4* (16.04) 183474+ (17.25)
N 4622 5998 4622 5,998 4622 5,998
Resquared 0.186 0262 0.040 0.087 0161 0231

#, %%, %+ indicate significance at 1, 5, and 10% levels, respectively; t-values are in parentheses.
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Variable Total SF-36 score SF-36_physical  SF-36_mental component summary

component score
summary score
M
Sex Female 6353 17.18 6771 62.66 17.67 6677 65.43 1921 7045
Male 63.26 1876 69.07 6281 1891 6625 6126 2070 70.00
Age 60 or under 7190 12.86 7429 7170 1333 7542 7234 1512 7455
61-75 6147 17.59 62.43 60.87 1751 60.00 6278 2041 6682
76-90 5217 1843 4957 49.86 1874 4896 57.20 2097 5591
Over 90 49.05 2033 5264 4514 2133 4438 5758 21.68 6273
Education  Primary or lower 5563 17.58 5443 53,68 1845 5313 59.89 19.78 6455
Basic vocational 6221 18.27 6486 6165 1866 6313 6344 20.10 6864
Secondary/post-secondary | 63.10 1707 6636 6235 17.18 65.10 6473 1972 7023
Tertiary 6829 1671 7343 6778 7.2 775 6939 1832 7364

M, arithmetic mean; SD, standard deviation; Me, median; SF-36, Short Form Health Survey.
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Mental health

Male Female

Positive emotion

Male Female

Depression emotion

Male Female

Financial support 0,082+ (3.01) 0,031 (1.06)

Daily care —L728%55 (-572) | —0.643°%* (<2.67)
Emotional comfort 0.026%* (202) 0.024%* (1.96)
Control

Constant 283564+ (27.33) 247104+ (23.91)
N 5139 5481
Resquared 0236 0.231

0.026%*# (2.91) 0.020%% (234)

0328%*# (3.35) —0331%** (=4.51)
0004 (1.00) 0.004 (1.12)
Controlled (Mediate variable is involved)
4.140%%% (12.30) 3.758%%* (11.95)
5139 5481

0.079 0072

#, %%, %+ indicate significance at 1, 5, and 10% levels, respectively; t-values are in parentheses.

—0.056%* (~2.15) —0.010(-0.36)

2056%** (7.06) 0973%** (~4.19)
~0.022% (~1.76) ~0.020* (~1.68)
15.784%%* (15.80) 19.048%%% (19.14)
5139 5481

0.197 0.199
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Factor

Total SF-36 score

SE-36_physical component summary score
$F-36_mental component summary score
PE

RP

BP

GH

VT

SE

RE

MH

N
2040
2040
2040
2040
2040
2040
2040
2040
2040
2040

2040

63.45

6270

65.07

7144

6175

69.80

42.88

58.02

7136

67.11

6581

SD
17.681
18062
19688
25045
45.480
18878
11584
15036
22261
44955

15.180

Min,

1457

1417

818

00

00

100

100

00

00

00

200

Max
9586
9396
100.00
1000
1000
1000
850
1000
1000
1000

1000

Q25 Me
4829 67.79
4958 66.67
4455 7045
60.0 750
0.0 100.0
55.0 675
350 400
500 550
50.0 750
0.0 100.0
560 640

Q75

7843

77.92

8091

90.0

1000

80.0

500

65.0

1000

1000

760

M, arithmetic mean; SD, standard deviation; Min., minimunn value; Max., maximum value; Qus, lower quartle; Q. upper quartile; Me, median; SF-36, Short Form Health Survey; PF, physical

functioning; RE, role physical; B, bodily pain; GH, general health; V', vitality; SE, social functioning; RE, role emotional; MH, mental health,
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Mental health Positive emotion

Depression emotion

Disabled

Nondisabled

Disabled Nondisabled Disabled Nondisabled

0.061% (1.84) 0.053%% (2.19) 0.0267% (2.68) 0.022%%% (272)
Financial
. —1028%%% (=5.12) 0.289%%* (4.96)
Support
Daily care 0.022% (1.66) 0027+ (218) 0.006 (1.46) 0.003 (0.80)
Emotional

Controlled (Mediate variable is involved)

Comfort
Control 23.115%%* (21.73) 257184+ (25.57) 3.203%%* (10.36) 4.574%% (13.71)
N 4591 6029 4,591 6,029
Resquared 0114 0142 0.061 0.063

##%, %%, indicate significance at 1, 5, and 10% levels, respectively; t-values are in parentheses.

—0.035 (~1.08)

1317%%% (6.73)

—0.016(~1.27)

20.088%+* (19.34)
4591

0.091

—0.031 (-136)

—0.023** (=2.01)

18.856*+* (19.72)
6,029

0112
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Variable Expectations for Expectations for Expectations for test- and

explanation of the illness  emotional support  treatment-related information

M Me sD M SD Me

Sex Female 6.89 457 8.0 4.85 4.24 5.0 741 4.73 9.0
Male 6.47 478 7.0 435 430 4.0 6.81 4.96 80

Age 60 or under 6.19 476 7.0 3.92 4.01 3.0 6.59 5.0 8.0
61-75 6.73 4.61 8.0 4.71 4.24 5.0 7.22 4.76 9.0

76-90 834 413 10.0 6.51 438 6.0 879 415 11.0

Over 90 579 425 6.0 3.88 4.40 15 6.75 4.70 70

Education Primary or lower 6.37 4.56 6.0 4.93 4.24 6.0 6.86 4.65 70
Basic vocational 6.95 479 8.0 4.90 441 5.0 7.34 4.95 10.0
Secondary/post-secondary 7.06 445 80 484 422 50 764 466 100

Tertiary 6.18 475 7.0 4.11 4.12 3.0 6.51 4.86 70

M, arithmetic mean; SD, standard deviation; Me, median; PRE, Patient Request Form.
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IV Model

Model 1: Economic support
(IV: the economic income
level of the eldest son or
eldest daughter)

Model 2: Life care (IV:
delayed life care)

Model 3: Emotional comfort
(1V: one period of delayed

emotional comfort)

IV-OLS

First stage (Dependent Second stage

variable: IV) (Dependent variable:
Mental health)

0.165%+% (~16.15) 0.488%%* (~4.12)
0.232%%% (~17.93) —5.041%%* (=6.00)
0.698%** (~63.47) 0.046%** (~3.16)

##%, %+, indicate significance at 1, 5, and 10% levels, respectively; f-values are in parentheses.

10,620

9736

5,999

Weak instrument test

F=26093

F=32154

F=402897
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Factor N M SD Max Q25 Me Q7

Expectations for explanation of the illness 2040 676 4638 00 120 10 80 1.0

Expectations for emotional support 2040 469 4263 00 120 00 40 80
722 4809 00 120 20 90 120

Expectations for test- and treatment-related information 2040

M, arithmetic mean; SD, standard deviation; Min., minimum value; Max., maximum value; Qs, lower quartile; Q. upper quartile; Me, median; PRE, Patient Request Form.
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Mental health Positive emotion Depression emotion

Urban Rural Urban Rural Urban Rural
Financial support 0,097+ (2.80) 0,039 (1.59) 0.031%4% (2.92) 0.020°%% (267) ~0065%* (~2.03) ~0018 (~0.77)
Daly care ~1651%% (~4.16) | ~0.797%* (~3.76) 0325%5% (2.64) 03445 (5.16) 19767+ (5.35) 11417+ (552)
Emotional comfort 0,030 (1.56) 0.0247% (233) 0.004 (0.70) 0,005 (1.42) ~0.026 (~1.44) ~0.019%% (~1.93)
Control Controlled (Mediate variable is involved)
Constant 27.4444%% (20.13) 25.736%+* (29.64) 44774+ (10.57) 3.907%%* (14.33) 17,0334 (13.42) 18.171%%% (21.49)
N 2831 7.789 2831 7,789 2831 7,789
Resquared 0.246 0232 0.102 0.045 0212 0.206

##%, %%, indicate significance at 1, 5, and 10% levels, respectively; t-values are in parentheses.
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Model1 Model2 Model3 Model 4

Financial 0.079%+% 007155 0,059+
support (4.21) (3.82) (2.98)
Daily care 082204 0.802%%
(7.05) (6.85)
Emotional
0.017% (1.92)
comfort
Control - Controlled (Mediate variable is involved)
259425 | 25749%%% | 255718 | 25954%%
Constant
(37.27) (36.94) (36.74) (35.86)
N 10620 10620 10620 10,620
Resquared 0249 0.250 0.254 0.254

#+%, %%, % indicatesignificance at 1, 5, and 10% levels,respectively: -values are in
parentheses.
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Index

Financial support from
own children
Frequency of contact
with own children
Frequency of
household assistance
from own children
Number of relatives
contact

Number of relatives
chatting heart-to-heart
Number of providing
help by relatives
Number of friends
contact

Number of friends
chatting heart-to-heart
Number of providing

help by Friends

PC1

00677

00700

04029

04047

03876

00637

04133

04093

04144

PC2

0.2404

0.6708

~0.0324

~00613

-00213

0.6909

~00540

—00158

PC3

0.9430

—0.2484

~0.1214

~0.1158

0.0169

~0.0980

~0.0044

0.0210

~0.3876
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Factor  Eigenvalue  Proportion  Cumulative(%)

pC1 36918 04102 41.02
PC2 15443 01716 58.18
PC3 09722 0.1080 68.98
PC4 0.8049 0.0894 77.93
PCs 05158 0.0573 83.66
PC6 04776 00531 88.96
PC7 04303 0.0478 93.74
pC8 02941 00327 97.01

PCY 0.2688 00299 100.00
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Respondents Capability to Capability for Capability for health

diagnose and health management of
treat common management of patients with chronic
diseases the older adult diseases
Education level**
Technical secondary school/ high school or below 3262 2441 (748) 3,116 (95.5) 3,086 (94.6)
Junior college 2340 1753 (749) 2,129 (91.0) 2,118(%0.5)
Undergraduate and above 2867 2303 (80.3) 2510(87.5) 2583 (90.1)

Professional qualification®*

Licensed doctor or licensed assistant doctor 5,288 4316 (81.6) 4781 (90.4) 4,873 (922)
General practitioner 446 351 (78.7) 433.(97.1) 427 (95.7)
Licensed village doctor 2201 1569 (71.3) 2,115 (96.1) 2,084 (94.7)
Other or no professional qualifications 534 261 (48.9) 426 (79.8) 403 (75.5)
Total 8,469 6,497 (76.7) 7,755 (91.6) 7,787 (91.9)

* P<0.0l.
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the last week?

Did you fecl
2 Tonely last 1

week?

Did you feel
very sad or
upset last
week?
Did you have a
4 great time last 1
week?
Did you fecl
like you did
not want to eat

last week?

Did you have
6 poor sleep last 1

week?

you think
you were
useless last
week?
Did you feel
like you had
nothing to do
last week?
Did you find
many

9 interesting 1
things in life

last week?

Did you feel
that you were

10 not 1
accompanied
last week?
Did you feel

n ignored last 1
week?
Did you feel

12 isolated last 1

week?

Sometimes
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Capability

possessed

Urban

Respondents

Possessed

Rural

Respondents

Possessed

Total

Respondents

Possessed

Diagnosis and
treatment of

common diseases.

Health

‘management

Patients with

chronic diseases

Eastern
Central
Western
Total
Eastern
Central
Western
Total
Eastern
Central
Western

Total

1242
1,097
524
2863
1242
1,097
524
2,863
1242
1,097
524

2,863

930 (74.9)
880(802)
374 (71.4)
2,184 (76.3)
1,099 (88.5)
993 (90.5)
455 (86.8)
2,547(89.0)
1,102 (88.7)
992 (90.4)
469 (89.5)

2,563 (89.5)

1711
2,103
1,792
5,606
1711
2,103
1,792
5,606
1711
2,103
1,792

5,606

1412(825)
1,708 (81.2)
1,193 (66.6)
4313 (76.9)
1,567 (91.6)
2,032/(96.6)
1,609 (89.8)
5,208 (92.9)
1,590 (929)
2,023 (96.2)
1,611 (89.9)

5,224(93.2)

2,953
3,200
2316
8,469
2953
3,200
2316
8469
2,953
3,200
2316

8,469

2342(793)
2,588 (80.9)
1,567 (67.7)
6497 (76.7)
2,666 (90.3)
3,025 (94.5)
2,064 (89.1)
7,755 (91.6)
2692(91.2)
3,015 (94.2)
2,080 (89.8)
7,787 (91.9)
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Total number
Age group (years)**
<30
30-
45
60-
Education level**
Technical secondary school/ high school or below
Junior college
Undergraduate and above
Professional qualification**
Licensed doctor or licensed assistant doctor
General practitioner
Licensed village doctor
Other or no professional qualifications

** P<O.01.

Easter

2,953

294(10.0)
1,327 (44.9)
1,234 (41.4)

108 (3.7)

869 (29.4)
633 (21.4)
1451 (49.1)

2,209 (74.8)
109(3.7)
365 (12.4)

270 (9.1)

Central

3,200

188 (5.9)
1414 (44.2)
1,438 (44.9)

160 (5.0)

1,637 (51.2)
921 (28.8)
642 (20.1)

1,793 (54.3)
236 (7.4)
1,115 (34.8)

110 (3.4)

Western

2316

260 (11.2)
1,029 (44.4)
945 (40.8)

82(3.5)

756(32.6)
786 (33.9)

774 (33.4)

1,340 (57.9)
101 (4.4)
721 3L1)

154 (6.6)

Total

8469

742(8.8)
3770 (44.5)
3,607 (426)

350 (4.1)

3,262(38.5)
2,340 (27.6)
2,867 (33.9)

5,288 (62.4)
446 (5.3)
2,201 (26.0)

534 (6.3)
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Capability

Capability to diagnose
and treat common

diseases

Capability to manage the
health of the older adult

Capability to manage the
health of patients with

chronic diseases

1. Respiratory infection
2. Diarrhea

3. Hypertension

4. Diabetes

5. Stroke

6.COPD

Interpretation of common hospita

inspection and test reports 1. Three major routines (blood routine,
urine routine, stool routine)
2. Ultrasound
3. X-ray examination
4. Biochemical examination report

5. Electrocardiogram examin:

n report

ion of common medications

2. Common cold and flu medicines
3. Chronic disease medicines

4. Emergency medicines
1. Physical examination guidance and screening for common diseases of the older adult
2. Assessing the health and self-care capability of the older adult
3. Identifying of and intervention for low mood or depression
4. Prevention of functional deterioration of the older adult
1. Mastering the clinical diagnostic criteria for common chronic diseases
2. Mastering the major risk factors and intervention methods for common chronic diseases
3. Mastering the identification and management of critical conditions in common chronic diseases

4. Mastering the treatment of stable chronic diseases and the prevention of complications
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Characteristic Model 1 Model 2 Model 3

Beta  95%Cl Beta 95% Cl 95% Cl

DPP treatment assignment

06 09 >09
(Ref: Placebo)
Lifestyle 37 -15 -12,93 -25 —13,83
Metformin 62 14 -94,12 -10 -12,98
Age (per 10 years) -39 <0.001 48 54,43 <0.001 -50,-38 <0.001
Sex (Male vs. Female) 31 <0.001 1 -29,25 012 -938 -25,52 02
Ethnicity (Ref: Non-Hispanic
<0.001 <0001 <0.001
White)
Non-Hispanic Black -35 —47,-22 -3 —16,-21 -30 —43,-17
Hispanic -8 -61,-34 -4 -55,-27 -36 -50,-23
American Indian -20 -21,17 53 —13,24 52 -13,24
Asian -1 -35,80 -2 —45,-22 -19 —40,28
Education (Less than College
-31 —2,-19 <0001 -30 ~40,-19 <0.001 -28 -38,-17 <0.001
vs. College)
Smoking (ref: Never) 0.001 0.007
Past -74 -17,22 -93 -19,02
Current 47 ~74,-20 -37 —63,-9.9
BMI (per 5 kg/m?) ' -13 ~19,-62 <0.001 -4 -20,-7.6 <0.001
Height (per 10 cm) * 19 11,26 <0.001 15 80,23 <0.001
Waist (per 15 cm) * -17 25,78 <0.001 -1 0015
Grip strength (per 10 kg-force)
) i e 13 79,18 <0.001
Habitual activity (per 5
oo 34 16,52 <0.001
MET-h)*
Neuropathy signs/Symptoms
S i -19 -28,-94 <0.001
(Present vs. Absent) '
Composite health issue
-838 -19,12 0.084
(Present vs. Absent) *
Glycemic exposure (per 1%
. posue (1 -96 -16,-3.0 0.004

mean Alc) *

Results of general linear models predicting total distance walked (meters) during the 6-min walk test among completers (N = 1,694). All models also adjusted for course length (10 m vs. 20 m)
not significant. Note that nteractions between Treatment*Sex, Treatment*Ethnicity, Treatment* Age were tested but none were statisticaly significant.

‘Collected at visit concurrent to 6MWT (year 15 visit).

‘Collected 1 year prior to 6MWT (year 14 visit).

"Median of sel-reported physical activity measures from DPP baseline through DPPOS Year 12.

‘Includes recent hospitalization (past 12 months), history of hip replacement, history of stroke, CHE or M, and recent all (past 12 months).

“Mean HbAI of all available measures DPP baseline through DPPOS Year 15.
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Group
Overall
Randomized group
Lifestyle
Metformin
Placebo

Sex

Female

Male

Baseline age (years)
25-44 years
45-59 years

60+ years
Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
American Indian
Asian

Education
College

Less than College
Smoking

Never

Past

Current
Diabetes

No Diabetes
Diabetes

BMI

<30 kg/m?

30-35 kg/m?
35-40 kg/m?

40+ kg/m?
Height

Low

Medium

High

Waist

Low

Medium

High

Mean HbAlc
<55

5559

60-64

>=65
Composite health issue
Not present
Present
Neuropathy signs/Symptoms
Not present
Present

Grip strength
Low

Medium

High

Physical activity
Low

Medium

High

p-value for unadjusted ANOVA type I F-test

1694

552
568

574

1172

522

532
944

28

889
304
286
128

87

1,293

101

1,043
603
48

616

1077

722
474
295
202

566
565

562

550
547

544

312
537
342

327

1221

472

880
762

559
558

554

550
547

544

3615

3635

3595

3554

375.1

3889

363.1

276

3749

3373

3326

3822

3731

3720

3275

366.5
355.0

3348

369.7

3569

3747

367.1

3461

3242

3396

3709

3743

3799

3707

3354

3711

365.2

3564

3447

3685

3437

3805

3399

3400

3635

3843

3394

3620

3852

1057

107.8

105.4

1042

1008

1150

1024
1027

915

1046

1062

106.1

794

1154

1047

1019

1063
1048

980

1050

1059

132

1022

930

921

1080

100.7

1049

1146
1022

93.0

1066

1017

1080

1033

105.1

105.2

982

1100

1129

1017

96.0

1018

107.9

1015

0810

0.001

<0.001

<0.001

<0.001

0.02

0.02

0.001

<0.001

<0.001

0.01

<0.001

<0.001

<0.001

<0.001
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Odds of test completion Odds of completion and distance > 200 m
Complete: N = 1,697 Complete, distance > 200 m: N = 1,530
Incomplete/Ineligible: N = 133 Incomplete/Ineligible/Distance < 200 m:
N = 300

Simple adjusted* Fully adjusted? Simple adjusted® Fully adjusted?®

Characteristic aOR 95% Cl aOR 95% ClI aOR 95% ClI aOR 95% Cl
(N = 1830)

DPP treatment assignment (Ref: Placebo)

Lifestyle 140 089,221 149 0.87,2.59 118 0.86,1.63 109 0.76,1.56
Metformin 105 069,159 086 053,139 107 0.79,1.45 094 0.66,1.32

Baseline age group (Re

45-59 years 072 0.44, 114 072 041,124 0.61 0.44,0.85 0.61 0.41,0.89
60+ years 0.34 0.20,0.59 0.30 0.14,0.64 0.25 0.17,0.38 0.28 0.17, 0.47
Sex (Male v. Female) 0.88 0.60, 1.30 101 0.50,2.05 1.05 0.79, 1.40 0.58 0.35,0.94
Ethnicity (Ref: Non-Hispanic White)
Non-Hispanic Black 0.69 0.44,1.08 0.58 0.34, 1.00 0.63 0.46, 0.88 0.58 0.40, 0.85
Hispanic 1.04 0.63,1.78 089 048, 1.71 0.61 0.43,0.87 0.66 0.43,1.00
American Indian 137 0.61,3.67 144 0.53,5.10 1.99 1.02,4.37 249 1.15,6.25
Asian 117 0.49,3.44 049 0.19, 1.54 0.82 0.45,1.57 0.71 0.36,1.52
Education (Less than College vs.

053 0.36,0.78 055 0.35,0.86 0.56 0.42,0.75 0.58 0.43,0.80
College)
Smoking (ref: Never)*
Past. 0.78 0.53,1.15 067 0.43,1.04 083 0.64, 1.10 075 0.55,1.02
Current 0.40 0.18,1.01 051 0.20, 1.63 0.60 0.31,1.28 091 041,228
BMI categories (ref: <30 kg/m?)?
30-35 kg/m?* 0.59 0.36,0.97 056 0.30, 1.05 0.70 0.50,0.98 086 0.57,1.32
35-40 kg/m* 045 0.26,0.77 0.60 0.26,1.37 0.53 0.36,0.77 082 0.48,1.42
40+ kg/m® 021 0.12,0.37 031 0.11,0.84 0.29 0.19,0.45 055 027,112
Height (per 10 cm)® 097 0.73,1.27 085 0.60, 1.19 129 1.06, 1.58 123 0.97,1.55
Waist (per 15 cm)* 0.56 0.45,0.68 079 055, 1.14 0.64 0.55,0.74 0.80 0.62,1.03
Grip strength (per 10 kg-force)* 117 095, 148 116 091,150 151 127,180 145 120,176
Median Physical Activity (per 5

L1l 1.03,1.22 1.03 094,113 113 1.06,1.20 1.09 1.02,1.17
MET-h/Wk)*
Neuropathy Signs/Symptoms

0.50 0.33,0.74 0.59 0.37,0.92 0.42 0.31,0.55 045 0.33,0.61
(Present vs. Absent)*
Composite Health Issue (Present

0.41 0.28,0.59 0.46 0.30,0.70 0.56 0.43,0.73 0.64 0.48, 0.87
vs. Absent)®
Glycemic exposure (per 1%

0.81 0.64,1.04 098 0.74,1.33 0.76 0.64,0.91 091 0.74,1.12

mean Alc)’

Bold font indicates a staistcally sgnificant association.
‘0dds ratio adjusted for age group, sex, ethnicity, and education.

‘0dds ratios adjusted for all other variables i the table; adjusted for treatment group, sex, and ethnici
‘Collected at visit concurrent to 6MWT (year 15 visit).

‘Collected 1 year prior to 6MWT (year 14 visit).

‘Median of elf-reported physical activity measures from DPP baseline through DPPOS Year 12.
‘Includes recent hospitalization (past 12 months), history of hip replacement, history of stroke, CHF or MI, and recent fall (past 12 months).
"Mean HbAIL of all available measures DPP baseline through DPPOS Year 15.
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All Lifestyle Metformin Placebo

(N = 1830) (N = 588) (N = 617) (N = 625)
Baseline characteristics
Age (years) 496+92 494497 501489 492490 0.277
Age group 0.143
25-44 years 559(30.5%) 196(33.3%) 178(28.8%) 185(29.6%)
45-59 years 1,015(55.5%) 301(51.2%) 353(57.2%) 361(57.8%)
60+ years 256(14.0%) 91(15.5%) 86(13.9%) 79(12.6%)
Sex (Female) 1,261(68.9%) 408(69.4%) 412(66.8%) 441(70.6%) 0338
Ethnicity 0344
Non-Hispanic White 957(52.3%) 294(50.0%) 331(53.6%) 332(53.1%)
Non-Hispanic Black 338(18.5%) 107(18.2%) 123(19.9%) 108(17.3%)
Hispanic 308(16.8%) 101017.2%) 100(16.2%) 107017.1%)
American Indian 134(7.3%) 46(7.8%) 40(6.5%) 48(7.7%)
Asian 93(5.1%) 40(6.8%) 23(3.7%) 30(4.8%)
Education (College or more) 1377(75.2%) 441(75.0%) 476(77.1%) 460(73.6%) 0.345
Year 15 characteristics
Age (years) 686492 685+96 69.1%88 683490 0.269
Smoking 0.169
Never 1,112(60.8%) 352(59.9%) 384(62.2%) 376(60.2%)
Past 663(36.2%) 221(37.6%) 220(35.7%) 222(35.5%)
Current 55(3.0%) 15(2.6%) 13(2.1%) 274.3%)
Height (cm) 164.1£9.1 164.0£8.9 164893 163.5£92 0.046
BMI kg/m? 323467 321467 320466 328468 0.061
BMI categories 0.150
<30 kg/m® 765(41.8%) 258(43.9%) 274(44.5%) 233(37.3%)
30-35 kg/m? 510(27.9%) 159(27.0%) 162(26.3%) 189(30.2%)
35-40 kg/m? 322(17.6%) 105(17.9%) 104(16.9%) 113(18.1%)
40+ kg/m? 23202.7%) 66(11.2%) 76(12.3%) 90(14.4%)
Waist (cm) 1065+ 14.2 1062+ 14.4 106.0 % 13.6 10734146 0.206
Fasting glucose (mg/d]) 1260 38.1 1288404 1195306 1297 £41.7 <0.001
Confirmed diabetes 1,178(64.4%) 369(62.8%) 379(61.5%) 430(68.8%) 0.017
Neuropathy signs/symptoms* (Present) 848(47.8%) 276(48.2%) 288(48.2%) 284(47.2%) 0925
Recent hospitalizations (Yes) 65(3.6%) 19(3.2%) 22(3.6%) 24(3.8%) 0.846
Fallin past 12 months (Yes) 416(22.7%) 130(22.1%) 150(24.3%) 136(21.8%) 0511
Hx of Hip replacement 110.6%) 40.7%) 3(0.5%) 4(0.6%) 0,899
Hx of stroke 29(1.6%) 13(2.2%) 6(1.0%) 10(1.6%) 0.227
Hx of CHF 27(1.5%) 11(1.9%) 6(1.0%) 10(1.6%) 0412
Hx of MT 63(3.4%) 11(1.9%) 25(4.1%) 27(4.3%) 0039
Composite health issues™ 537(29.4%) 165(28.1%) 189(30.7%) 183(29.3%) 0,607
FEVI/FVC ratio 78364638 7857609 78.40+629 7813674 0505
Grip strength (kg-force) 200107 2374106 2454109 27105 0345
Total metformin exposure (years) 3.50(0.00, 12.00] 0.00 (0.00, 4.50] 1650 (8.38, 18.50] 0.50 (0.00, 6.50] <0.001
Glycemic exposure (mean HbAL, %) 6007 6007 6007 61208 <0.001
Physical activity (Median MET-h/Wk) 1088 (5.55, 18.83] 1170 (6.42,19.83] 10.77 (5.6, 18.51] 10.23 [4.94,18.30] 0379

Data shown are means & SD or median [Q1, Q3] for continuous variables. N (col%) for categorical variables. p-values for ANOVA for group comparison for continuous variables and chi-
squared for categorical variables. Bold font indicates a statistically significant association.

“Includes participants with neuropathy signs present based on monofilament test or symptoms from MNS.

**Includes recent hospitalization (past 12 months), history of hip replacement, history of stroke, CHIF or M, and recent falls (past 12 months).
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Capability Skill Skill possessed  Skill needed

Capabilty n diagnosing | 1dentification and diagnosis of common diseases 5019(94.7) 7713 9L1)
and treating common  Interpretation of common hospital inspection and test reports 6938 (81.9) 7322 (86.5)
discases. Prescription of common medications 7,686 (90.8) 7,745 (91.5)
Physical examination guidance and screening for common diseases of the older adult 8,035 (94.9) 7,854 (92.7)
Capability forhealth Assessing the health and self-care capability of the older adult 7,938 (93.7) 7,796 (92.1)
management of the older
. Identification and intervention of low mood and depression of the older adult 7,715 (9L1) 7,676 (90.6)
Prevention of functional deterioration of the older adult 7,633 (90.1) 7,636 (90.2)
Mastering the clinical diagnostic criteria for common chronic discases 7991 (94.4) 7,875 (93.0)
Capability for health Mastering the major risk factors and intervention methods for common chronic diseases 7,887 (93.1) 7,844 (92.6)
management of paticnts
Mastering the identification and management of crtical conditions in common chroni 7728 91.3) 7,770 91.7)

with chronic diseases
Mastering the treatment of stable chronic diseases and the prevention of complications 7,771 (918) 7,768 (91.7)
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titreated

Control variables
Year effect
Individual effect

Province-year interaction

effect

Constant term

Samples

0331+ 0.250%++
(6.50) (5.32)
Yes Yes
Yes Yes
Yes Yes
Yes Yes
21195+ 27,355+
(8.28) (851)
14,589 14,589

Values in parentheses are t-statistics; ***, *%, and * indicate significance at the 0.1%, 1% and

5% levels, respectively.
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Mediating effects of retirement on IADL Mediating effects of retirement on BADL

(Y] 2) (3) (4) (5) (6)
IADL Retirement IADL BADL Retirement BADL
t*treated
0.189%+% ~0018% 0.196+%% 0119+ ~0018% 01235
(4.05) (-2.86) (4.17) (2.86) (-2.86) (2.94)
Retirement (Retired)
0.406% 0216%
(2.85) (2.05)
Control variables Yes Yes Yes Yes Yes Yes
Individual effects Yes Yes Yes Yes Yes Yes
time effect Yes Yes Yes Yes Yes Yes
Interaction effects of Yes Yes Yes Yes Yes Yes
province and year
Constant term
20355+ 1248+ 20254%++ 27777+ 1248 2672344+
792) (299) (78%) (8.28) 299 (828)
Sample size 14,589 14,589 14,589 14,589 14,589 14,589

Values in parentheses are I-statistics. **%, **, and * indicate significance at the 0.1%, 1%, and 5% levels, respectively.
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IADL

Age<75 Age>7! Age <75

(2) (3)

titreated
~0011 0.458%%% ~0.009
(-032) (408) (-028)
Control Yes Yes Yes
variables
Individual Yes Yes Yes
effects.
Time effect Yes Yes Yes
Interaction Yes Yes Yes
effects of
province
and year
Constant term
19.867%#% 22505+ 18279
(57.23) (22.99) (1.96)
Sample size 9,046 5,543 9,046

BADL
Age > 75

(4)

0.290%
(2.95)
Yes

Yes

Yes

34.103%*

(2.63)
5503

Values in parentheses are t-satistics. ***, **, and * indicate sgnificance at the 0.1%, 1% and

59% levels, respectively; columns (1)-(4) exclude age as a control variable.
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Variable B Value S¢ ORO5%CI)

Intercept —2.185 0303 7214 0.113 (0.062-0.204) <0.001*
Education (reference = Illiterate)

Primary school —0.382 0.163 —2.337 0.682 (0.495-0.94) 0.019%
Middle school or above —0.437 0.17 —2.566 0.646 (0.462-0.902) 0.01*
Life quality (reference = good)

Moderate 1417 0.141 10.029 4.123 (3.126-5.437) <0.001*
Poor 1,592 0333 4778 4915 (2.558-9.443) <0.001*
Sleep quality (reference = very good)

Fairly good 0.465 0.272 1.71 1.591 (0.934-2.711) 0.087
Average 1.652 0.26 6.364 5.219 (3.138-8.682) <0.001**
Poor 2.462 0278 8.865 11.725 (6.803-20.206) <0.001*
Very poor 2128 0413 5.156 8394 (3.739-18.844) <0.001*
TV (reference = daily)

Weekly 0.881 0235 3744 2.413 (1.522-3.827) <0.001*
Monthly 1.006 0.384 2.621 2.734(1.289-5.802) 0.009**
Occasionally 0.568 0.38 1.495 1.764 (0.838-3.712) 0.135
Never 0.737 0.178 4.144 2.089 (1.474-2.96) <0.001*
History of arthritis (reference = yes)

No —0.559 0.16 —3.492 0.572 (0.418-0.782) <0.001*

$t, standard error; Z, z-score; OR, odds ratio; CI, confidence interval; P, p-value; *p < 0.05; **p < 0.01.
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tHtreated

0.189%% 0119+
(4.05) (2.86)
Control variables Yes Yes
Individual effects Yes Yes
Time effect Yes Yes
Constant term
20355+ 267774+
(7.92) (8.28)
sample size 14,589 14,589

Values in parentheses are I-satistcs.
€22, %, and * indicate significance at the 0.1%, 1%, and 5% levels, respectively.
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Variable Training group, n (%) Validation group, n (%)
Total No DS DS Total No DS DS

(n=1,477) (n=1,005) (n=472) (n=633) (n=418) (nh=215)
Hypertension 0915 0.789 0.36
Yes 950 (64.32) 645 (64.18) 305 (64.62) 421 (66.51) 276 (66.03) 145 (67.44)
No 527 (35.68) 360 (35.82) 167 (35.38) 212 (33.49) 142 (33.97) 70 (32.56)
Diabetes mellitus 0.031% 0.002** 0935
Yes 312(21.12) 196 (19.50) 116 (24.58) 132 (20.85) 72(17.22) 60 (27.91)
No 1165 (78.88) 809 (80.50) 356 (75.42) 501 (79.15) 346 (82.78) 155 (72.09)
History of stroke 0.054 <0.001** 0.15
Yes 329(22.27) 209 (20.80) 120 (25.42) 160 (25.28) 80 (19.14) 80 (37.21)
No 1148 (77.73) 796 (79.20) 352 (74.58) 473 (74.72) 338 (80.86) 135 (62.79)
Respiratory disease <0.001** 0.006** 0.359
Yes 281 (19.03) 165 (16.42) 116 (24.58) 109 (17.22) 59 (14.11) 50 (23.26)
No 1196 (80.97) 840 (83.58) 356 (75.42) 524 (82.78) 359 (85.89) 165 (76.74)
Tuberculosis 0.925 0.381 >0.999
Yes 29 (1.96) 19 (1.89) 10 (2.12) 13 (2.05) 7(1.67) 6(2.79)
No 1448 (98.04) 986 (98.11) 462 (97.88) 620 (97.95) 411 (98.33) 209 (97.21)
Cataract 0.4 0.31 0.947
Yes 363 (24.58) 240 (23.88) 123 (26.06) 154 (24.33) 96 (22.97) 58 (26.98)
No 1114 (75.42) 765 (76.12) 349 (73.94) 479 (75.67) 322 (77.03) 157 (73.02)
Glaucoma 0.766. >0.999 0.98
Yes 58(3.93) 41 (4.08) 17 (3.60) 24(3.79) 16 (3.83) 8(3.72)
No 1419 (96.07) 964 (95.92) 455 (96.40) 609 (96.21) 402 (96.17) 207 (96.28)
Cancer >0.999 0.402 >0.999
Yes 31(2.10) 21 (2.09) 10 (2.12) 1421 11 (2.63) 3(1.40)
No 1446 (97.90) 984 (97.91) 462 (97.88) 619 (97.79) 407 (97.37) 212 (98.60)
Gastrointestinal ulcer 0.001** 0.062 0.509
Yes 123 (8.33) 67 (6.67) 56 (11.86) 59.(9.32) 32 (7.66) 27 (12.56)
No 1354 (91.67) 938 (93.33) 416 (88.14) 574 (90.68) 386 (92.34) 188 (87.44)
Parkinson 0.047* 0.177 0.303
Yes 14(0.95) 13 (1.29) 1(021) 10 (1.58) 9(2.15) 1(0.47)
No 1463 (99.05) 992 (98.71) 471 (99.79) 623 (98.42) 409 (97.85) 214 (99.53)
Bedsore >0.999 0.172 0.861
Yes 9(0.61) 6(0.60) 3(0.64) 5(0.79) 5(1.20) 0(0.00)
No 1468 (99.39) 999 (99.40) 469 (99.36) 628 (99.21) 413(98.80) | 215 (100.00)
Arthritis <0.001* 0.001** 0222
Yes 286 (19.36) 158 (15.72) 128 (27.12) 138 (21.80) 74 (17.70) 64(29.77)
No 1191 (80.64) 847 (84.28) 344 (72.88) 495 (78.20) 344 (82.30) 151 (70.23)
Dementia 0.577 0.097 0.554
Yes 17 (1.15) 10 (1.00) 7(1.48) 10 (1.58) 4(0.96) 6(2.79)
No 1460 (98.85) 995 (99.00) 465 (98.52) 623 (98.42) 414 (99.04) 209 (97.21)
Epilepsy 0.185 >0.999. 0.23
Yes 6(0.41) 6(0.60) 0(0.00) 6(0.95) 4(0.96) 2(0.93)
No 1471(99.59) 999 (99.40) 472 (100.00) 627 (99.05) 414 (99.04) 213 (99.07)
Biliary tract disease 0.658 0.556 0.262
Yes 123 (8.33) 81 (8.06) 42 (8.90) 63 (9.95) 39(9.33) 24(11.16)
No 1354 (91.67) 924 (91.94) 430 (91.10) 570 (90.05) 379 (90.67) 191 (88.84)
Dyslipidemia 0333 0.39 >0.999
Yes 214 (14.49) 139 (13.83) 75 (15.89) 91 (14.38) 56 (13.40) 35(16.28)
No 1263 (85.51) 866 (86.17) 397 (84.11) 542 (85.62) 362 (86.60) 180 (83.72)
Rheumatism 0.18 0.015* 0.019*
Yes 113 (7.65) 70 (6.97) 43 (9.11) 69 (10.90) 36 (8.61) 33 (15.35)
No 1364 (92.35) 935 (93.03) 429 (90.89) 564 (89.10) 382 (91.39) 182 (84.65)
Chronic nephritis 0.03* 0.982 0.886
Yes 41(2.78) 21(2.09) 20 (4.24) 19 (3.00) 12 (2.87) 7(3.26)
No 1436 (97.22) 984 (97.91) 452 (95.76) 614 (97.00) 406 (97.13) 208 (96.74)
Hepatitis >0.999 0.172 0.429
Yes 6(0.41) 4(0.40) 2(0.42) 5(0.79) 5(1.20) 0(0.00)
No 1471 (99.59) 1001 (99.60) 470 (99.58) 628 (99.21) 413 (98.80) | 215 (100.00)

DS, depressive symptom; P, p-value; *p < 0.05; *p < 0.01.
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20244 19954
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26498 26376
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The sample sizes for participants engaged in physical exercise were 2.203 in 2018 and
4,549 in 202, while the sample sizes for non-participants in physical exercise were 9.093 in
2018 and 6.849 in 2022.
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Variable Training group, n (%)

Validation group, n (%)

Total No DS DS Total No DS DS

(n=1,477) (n=1005) (n=472) (n=633) (n=418) (nh=215)
Sex <0.001** 0.029% 0.713
Male 607 (41.10) 446 (44.38) 161 (34.11) 254 (40.13) 181 (43.30) 73 (33.95)
Female 870 (58.90) 559 (55.62) 311 (65.89) 379 (59.87) 237 (56.70) 142 (66.05)
Age, years 0.224 0.021% 0.942
60~ 139 (9.41) 104 (10.35) 35(7.42) 64(10.11) 50 (11.96) 14(6.51)
70~ 462 (31.28) 319 (31.74) 143 (30.30) 197 (31.12) 130 (31.10) 67 (31.16)
80~ 474 (32.09) 312 (31.04) 162 (34.32) 197 (31.12) 116 (27.75) 81(37.67)
90~ 402 (27.22) 270 (26.87) 132 (27.97) 175 (27.65) 122 (29.19) 53 (24.65)
Education level <0.001** <0.001** 0.441
Illiterate 568 (38.46) 338 (33.63) 230 (48.73) 225 (35.55) 127 (30.38) 98 (45.58)
Primary school 465 (31.48) 340 (33.83) 125 (26.48) 211(33.33) 156 (37.32) 55 (25.58)
Middle school 444 (30.06) 327 (32.54) 117 (24.79) 197 (31.12) 135 (32.30) 62 (28.84)
or above
Current place of residence 0.988 0.943 0.11
City 630 (42.65) 430 (42.79) 200 (42.37) 241 (38.07) 160 (38.28) 81(37.67)
Town 376 (25.46) 255 (25.37) 121 (25.64) 183 (28.91) 119 (28.47) 64(29.77)
Rural 471 (31.89) 320 (31.84) 151 (31.99) 209 (33.02) 139 (33.25) 70 (32.56)
Annual family income 0.049* 0.029* 0619
Very poor 384 (26.00) 240 (23.88) 144 (30.51) 165 (26.07) 94 (22.49) 71(33.02)
Poor 215 (14.56) 154 (15.32) 61(12.92) 106 (16.75) 70 (16.75) 36 (16.74)
Middle 218 (14.76) 149 (14.83) 69 (14.62) 90 (14.22) 65 (15.55) 25 (11.63)
Rich 660 (44.69) 462 (45.97) 198 (41.95) 272 (42.97) 189 (45.22) 83 (38.60)
Marital status 0.002** 0.183 0.318
Married 669 (45.29) 486 (48.36) 183 (38.77) 285 (45.02) 199 (47.61) 86 (40.00)
Divorced 8(0.54) 7(0.70) 1(021) 334 (52.76) 210 (50.24) 124 (57.67)
Widowed 766 (51.86) 489 (48.66) 277 (58.69) 142.21) 9(2.15) 5(2.33)
Others 34(2.30) 23(2.29) 11(2.33)
Living arrangement 0.009** 0.022* 0.955
Family 1150 (77.86) 804 (80.00) 346 (73.31) 490 (77.41) 337 (80.62) 153 (71.16)
Alone 243 (16.45) 153 (15.22) 90 (19.07) 105 (16.59) 61 (14.59) 44 (20.47)
Institution 84 (5.69) 48 (4.78) 36 (7.63) 38 (6.00) 20 (4.78) 18 (8.37)
Medical insurance status 0.461 0.68 0.039*
Yes 1267 (85.78) 857 (85.27) 410 (86.86) 520 (82.15) 341 (81.58) 179 (83.26)
No 210(14.22) 148 (14.73) 62 (13.14) 113 (17.85) 77 (18.42) 36 (16.74)
Pension status 0.501 0.928 0.287
Yes 643 (43.53) 444 (44.18) 199 (42.16) 259 (40.92) 170 (40.67) 89 (41.40)
No 834 (56.47) 561 (55.82) 273 (57.84) 374 (59.08) 248 (59.33) 126 (58.60)
Number of children <0.001** 0.071 0.84
0 26 (1.76) 14(1.39) 12 (2.54) 9(1.42) 4(0.96) 5(2.33)
13 730 (49.42) 532 (52.94) 198 (41.95) 311 (49.13) 217 (51.91) 94 (43.72)
>3 721 (48.82) 459 (45.67) 262 (55.51) 313 (49.45) 197 (47.13) 116 (53.95)
Financial support from children 0.102 0.193 0.929
Yes 518 (35.07) 338 (33.63) 180 (38.14) 224 (35.39) 140 (33.49) 84(39.07)
No 959 (64.93) 667 (66.37) 292 (61.86) 409 (64.61) 278 (66.51) 131 (60.93)
Community services 0.647 0.223 >0.999
Yes 994 (67.30) 672 (66.87) 322 (68.22) 426 (67.30) 274 (65.55) 152 (70.70)
No 483 (32.70) 333 (33.13) 150 (31.78) 207 (32.70) 144 (34.45) 63(29.30)
Quality of life <0.001** <0.001** 0.938
Good 1015 (68.72) 805 (80.10) 210 (44.49) 439 (69.35) 330 (78.95) 109 (50.70)
Moderate 402 (27.22) 183 (18.21) 219 (46.40) 170 (26.86) 85 (20.33) 85 (39.53)
Poor 60 (4.06) 17 (1.69) 43 (9.11) 24(3.79) 3(0.72) 21(9.77)
Fall 0.01* 0.002** 0.698
Yes 353 (23.90) 220 (21.89) 133 (28.18) 157 (24.80) 87 (20.81) 70 (32.56)
No 1,124 (76.10) 785 (78.11) 339 (71.82) 476 (75.20) 331 (79.19) 145 (67.44)
Sleep quality <0.001** <0.001** 0.51
Excellent 221 (14.96) 200 (19.90) 21 (4.45) 87 (13.74) 77 (18.42) 10 (4.65)
Good 479 (32.43) 400 (39.80) 79 (16.74) 192 (30.33) 165 (39.47) 27 (12.56)
Moderate 470 (31.82) 287 (28.56) 183 (38.77) 202 (31.91) 117 (27.99) 85(39.53)
Poor 262 (17.74) 98 (9.75) 164 (34.75) 128 (20.22) 51 (12.20) 77 (35.81)
Very poor 45 (3.05) 20 (1.99) 25(5.30) 24(3.79) 8(1.91) 16 (7.44)
Current smoking status 0.47 0.605 0.953
Yes 171 (11.58) 121 (12.04) 50 (10.59) 72 (11.37) 50 (11.96) 22(10.23)
No 1,306 (88.42) 884 (87.96) 422 (89.41) 561 (88.63) 368 (88.04) 193 (89.77)
Current alcohol status 0.429 0.138 0.573
Yes 156 (10.56) 111 (11.04) 45(9.53) 61(9.64) 46 (11.00) 15 (6.98)
No 1,321 (89.44) 894 (88.96) 427 (90.47) 572 (90.36) 372 (89.00) 200 (93.02)
Annual physical examination 0.033* 0.457 >0.999
Yes 1,111 (75.22) 773 (76.92) 338 (71.61) 476 (75.20) 310 (74.16) 166 (77.21)
No 366 (24.78) 232 (23.08) 134 (28.39) 157 (24.80) 108 (25.84) 49 (22.79)
TV (watching frequency) <0.001** 0.001** 0518
Daily 997 (67.50) 738 (73.43) 259 (54.87) 412 (65.09) 296 (70.81) 116 (53.95)
Weekly 122 (8.26) 67 (6.67) 55 (11.65) 55 (8.69) 30(7.18) 25(11.63)
Monthly 39 (2.64) 20 (1.99) 19 (4.03) 23 (3.63) 13 (3.11) 10 (4.65)
Occasionally 40 2.71) 25 (2.49) 15 (3.18) 23 (3.63) 14 (3.35) 9(4.19)
Never 279 (18.89) 155 (15.42) 124 (26.27) 120 (18.96) 65 (15.55) 55 (25.58)

DS, depressive symptom; P, p-value; *p < 0.05; **p < 0.01.
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Variables Data information

Outcome variable (activities of daily living)

Instrumental activities of daily living

Basic activities of daily living

Treatment variable

Participation in physical exercise

Observation year
Control variables
Gender

Age

Education level

Marital status

Spouse education level

Hospitalization frequency

Chronic discase comorbidity status

Mediating variable

Retirement

‘Combine the following variables into one variable (1 = can; 2 = cannot):
Can you make phone calls by yourself?

Can you use public transportation (such as busses and subways) by yourself?
Can you go shopping by yourself?

Can you manage your finances?

Can you take medication by yourself?

Can you cook by yourself?

Can you do houschold chores (such as cleaning, doing laundry, washing dishes) by yourself?

Combine the following variables into one variable (1 = does not need help; 2 = needs some help; 3 = unable to do):

Can you dress yourself?
Can you bathe yourself (shower or bath)?
Can you eat by yourself?

Do you experience urinary incontinence?
Do you experience fecal incontinence?
Can you use the toilet by yourself?

Can you go up and down stairs?

Can you move around indoors?

‘What is the frequency of your participation in physical exercise? (Define less than once a month as not participating in

physical exercisc)

2018,2022

Select ‘Gender': 0 = Male; 1 = Female
Survey Year - Birth Year+1

Select: “What s your cultural level?” 1 = lliterate; 2 = private schoolliteracy class; 3 = primary school; 4 = high school/

Vocational school; 5 = associate degree; 6 = Bachelor’ degree or above

Select: “What s your current marital status?” 1 = Married with spouse; 2 = Widow; 3 = divorce; 4 = unmarried

Select: “What s your spouse’s educational level?” 1 = illiterate; 2 = private school/literacy class; 3 = primary school;

4= high school/vocational school; 5 = associate degree; 6 = Bachelor’s degree or above

Select: “How many times have you been hospitalized in the past two years?”

Answer: “How many chronic discases do you think you have?” (hypertension, heart disease, diabetes or high blood
sugar, cerebrovascular disease, kidney disease, liver disease, tuberculosis, cervical/lumbar discase, rthrits or
theumatism, breast disease, reproductive system disease, prostate discase, urinary system discase, glaucomalcataract,
cancer/malignant tumor, osteoporosis, chronic lung discase, nervous system discase, gastroenterits or digestive system

disease, Parkinson's discase, deafness and other chronic diseases)

Choice: “Have you applied for retirement?” 1 = Retired; 2 = Employment
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Variable Variable assignment

Sex Male = 1; female = 2

Age (60-69) = 1; (70-79) = 2; (80-89) = 3;
(>90) =4

Education level Illiterate = 1; primary school = 2; middle

school or above = 3

Marital status

Married = 1; divorced = 2; widowed = 3;
others = 4

Current place of residence

City = 1; town = 2; rural = 3

Annual family income

Very poor = 1; poor = 2; middle = 3; rich =
4

Living arrangement Family = 1; alone = 2; institution = 3
Medical insurance status Yes=1;n0=0
Pension status Yes=1;n0=0

Number of children 0)=501-3)=2(>3)=3

Financial support from Yes=1;n0=0

children

Community services Yes=1;n0=0

Quality of life Good = 1; moderate = 2; poor = 3

Fall Yes=1;n0=0

Sleep quality Excellent = 1; good = 2; moderate = 3; poor
= 4; very poor =5

Current smoking status Yes=1;n0=0

Current alcohol status Yes=1;n0=0

Annual physical examination Yes=1;n0=0

TV (watching frequency)

Daily = 1; weekly = 2; monthly = 3;
occasionally = 4; never = 5

Different medical histories

Yes=1;n0=0
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Spouse education level
Education lever

Chronic disease comorbidity status
Gender

Hospitalization frequency

Marital status

Age

Retirement or not

Spouse education level
Education level
Chronic disease comorbidity status

Gender |

Hospitalization frequency
Marital status

Age

Retirement or not

® © Unmatched
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2018
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.
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Variables  Categories Functional ~COR AOR
disability (95% 95%Cl

[el)]
No
Age (years) 60-64 2 95 1 1
65-69 82 273 L19071- | 082044-
1.98) 1.54)
270 and older 7 53 530299~ 224(1.03-
939) 496)*
Marital status  Married 46 20 1 1
Divorce 6 91 331211~ | 132066~
5.20) 3.08)
Widowed 68 110 | 296(190- 110059~
4.58) 204)
Physical Yes 16 65 1 1
activities No 161 | 35 184103~ 242(L18-
327) 496)*
Co-morbidity  Yes 18 2 | 675(3.92- | 295(147-
1160) 5947
No 129 399 1 1
Hospitalization  Yes 81 116 | 2220154~ 091(055-
3.19) 1.49)
No 9% 305 1 1
Cognitive Yes 107 | 78 672455 366(2.26-
impairment 9.91) S93y=
No 0 343 1 1
Oneandmore  Yes 9% 65 | 649(436- 361212~
drug users 9.65) 6.16)**
No 81 356 1 1
Depression Yes 0 12 3ees- 10
529) (108~
269
No 76 309 1 1

Reference category, Cl = confidence interval, COR = crude odds ratio, AOR =adjusted
odds ratio, *=p-value <0.05, and **=p-value<0.01.
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\ELELIES

Gender

Age (years)

Educational status

Income status(ETB)

Marital status

Living arrangement

Body mass index (BMI)

Drug users

Comorbidity

Hospitalization

Depression

Cognitive impairment

Physical activity

Smoker

Alcoholic

Categories

Male
Female

60-64

65-69

270

Unable to read and write
Primary school
Secondary school

Collage and above

Married

Divorce

Widow

Living alone

Living with children/family
Living with spouse only
Normal

Under Weight

Overweight

No

268 (44.8)
330 (55.2)
119(19.9)
355 (59.4)
124(20.7)
107 (17.9)
190 (31.8)
167(27.9)
134 (22.4)
112(18.7)
132(22.1)
354(59.2)
266 (44.5)
154(25.7)
178 (29.8)
106 (17.7)
317(53.0)
175(293)
423(70.7)
31(5.2)
144 (24.1)
437 (73.1)
161 (26.9)
528 (88.3)
70 (11.7)
401(67.1)
197 (329)
385 (64.4)
213(35.6)
413(69.1)
185 (30.9)
517(86.5)
81(13.5)
569 (95.2)
29(4.8)
496 (82.9)

102(17.1)

Functional disability

No
186 (44.2)
235(55.8)
95 (22.6)
273 (64.8)
53(12.6)
69(16.4)
141(33.5)
119(283)
92(21.9)
76 (18.1)
90 (21.4)
255 (60.6)
220(52.3)
91(21.6)
110 (26.1)
71(169)
222(52.7)
128 (30.4)
302(71.7)

20 (4.8)
99(23.5)
356 (84.6)
65(15.4)
399(94.8)

22(52)
305 (72.4)
116 (27.6)
309 (73.4)
112(266)
343 (81.5)
78(18.5)
356 (84.6)
65 (15.4)
402 (95.5)

19(45)
347 (82.4)

74(17.6)

n (%)

Yes
82(463)
95 (53.7)
24(13.6)
82(463)
71(40.1)
38 (215)
49(27.7)
48(27.1)
42(237)
36(20.3)
42(237)
99(55.9)
46 (26.0)
63(35.6)
68 (38.4)
35(19.8)
95(53.7)
47(26.6)
121 (68.4)

11(62)
45(25.4)
81(45.8)
96(54.2)
129 (72.9)
48(27.1)
96(54.2)
81(45.8)
76 (42.9)
101 (57.1)
70(39.5)
107 (60.5)
161 (91.0)

16 (9.0)
167 (94.4)

10 (5.6)
149 (84.2)

28(15.8)

02

578

34

351

09

953

578

187

1025

44

04

03

0.63

0.001

034

057

0.001

054

0.64

0.001

0.001

0.001

0.001

0.001

0.04

056

0.60
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Well-being

0-3year
3-Syears
Length of stay
5-10years
>10years
Total

A satistically significant association was observed between length of stay and well-being (Pearson Chi-Square = 19.092,

iferent length of stay groups.

Count
Proportion (%)
Count
Proportion (%)
Count
Proportion (%)
Count
Proportion (%)
Count

Proportion (%)

25 <valve<50 50 <valve<75
20 210
5.15% 54.12%
2 170
07% 61.8%
1 43
14% 58.9%
3 35
41% 473%
26 458
32% 56.5%

75 <valve
158
1073%
103
37.5%

B
39.7%

36
48.6%
326

40.2%

388

100.0%

275

100.0%

73

100.0%

74

100.0%

810

100.0%

. p=0.014), indicating notable variaions in well-being across
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Well-being Total count

25 < valve<50 50 <valve<75 75<valve
<66 Count 3 37 61 101
Proportion (%) 30% 36.6% 60.4% 100.0%
66-75 Count 3 103 91 200
Proportion (%) 15% 51.5% 47.0% 100.0%
Age
76-85 Count 8 223 130 360
Proportion (%) 22% 61.7% 36.1% 1000%
85 Count 13 98 r 151
Proportion (%) 86% 64.9% 26.5% 100.0%
Total count Count 7 460 325 812
Proportion (%) 33% 56.7% 40.0% 100.0%

A significant association between age and well-being was observed (Pearson Chi-Square=49.172, df=8, p<0.001), indicating notable variations in well-being for different age groups.
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Domains Average sc
(out of 100)

1 Physical functioning (PF) 7136

2 Role functioning/physical 56.46
(RF)

3 General health (GH) 5352

4 Pain (PA) 5197

Average score 5833
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N (%)

Age <56 3 12
56-65 67 83
6675 200 216
76-85 360 443
85 151 186
Gender Male 344 22
Female a1 501
Marital status Unmarried 15 19
Married 580 724
Divorce 45 56
Widowed 161 201
Total income for the  <60,000 131 16.1
past 12months 60,001-120,000 31 406
120,001-180,000 24 275
180,001-240,000 95 17
240,000 2% 32
Education level Junior high school 104 128
and below
High school or 28 304
technical secondary
school
University 04 196
Postgraduate and 57 70
above
Hukou type Urban Hukou 788 9.7
Agricultural registered 2 27

permanent residence

Community location |~ City 210 258
Suburbs 503 617
Suburban and city 98 120
junction

Living status Living alone 233 286
With partner 548 672
With others 2 34

Length of stay <lyear nz 144
1-3years m 333
3-5years 275 337
5-10years 73 90
>10years 7 91

The total number of respondents in each category is not 815 due to missing data for some
personal information.
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Author(s), year

Name of measurement scale
(abbreviation)

Domains

Neugarten etal. (30)

Neugarten et al. (30)

Bradburn (13)
Lawton (53)

Dupuy (84)

Kozma and Stones (120)

Eysenck (121); Rosenberg (55)

Ferrans and Powers (36)

Dieneretal. (17)

Csikszentmihalyi and Larson (57)
Antonovsky (55)
Watson et al. (59)

EuroQOI Group (90)

Tibblin etal. (91)

‘Ware and Sherbourne (92)

Bech etal. (93)
Rutaetal. (94)

Scheier et al. (95)

Mezzich etal. (29)

Ryffand Keyes (32)

Watson and Clark (96)

Patrick etal. (28)

Cummins (97)

Kaplan etal. (98)

Whoqol Group (99)

Prince etal. (100)

Goldberg and Williams (101)

Hyde etal. (102)

Ventegodt et al. (103)

Kahneman etal. (101)
Ingersoll-Dayton and Krause (105)
Peterson etal. (106)

Nieboer etal. (27)

Al Naser etal. (107)

Tennant et al. (108)

Katerndahl and Oyiriaru (109)

Rothmann and Ekkerd (110)

Kahneman ans Deaton (111)

Bringsén etal. (112)

Vaingankar et al. (113)

Kinderman etal. (114)

Bann etal. (115)

Supranowicz and Paz (116)

Life Satisfaction Rating Scale (LSR)

Life Satisfaction Index

Affect Balance Scale (ABS)
Philadelphia Geriatric Center Morale Scale (PGC)

General Well-being Schedule (GWB)

Memorial University of Newfoundland Scale of Happiness
(MUNSH)

OHI+ Eysenck Personality Questionnaire

(EPQ) +Rosenberg’ Self-esteem Scale (RSS) + Satisfaction

with Life scale (SLS)

Quality of Life Index (QLI)

Satisfaction with Life Scale (SWLS)

Experience Sampling Method (ESM)
Sense of Coherence Scale (81)
Positive and Negative Affect Schedule (PANAS)

EuroQOL-EQ-5D

Gothenburg Quality of Life Measurement Scale (GQL)

MOS 36-Item Short Form Health Survey

WHO (Five) Well-being Index
Patient Generated Index General Well-being Scale (PGI)

Life Orientation Test of Optimism and Pessism-Revised
(LOT-R)

Multicultural Quality of Life Index (MQLI)

Ryffs Scales of Psychological Well-being (RPWB)

Mood and Anxiety Symptom Questionnaire (MASQ)

Multidimensional Personality Questionnaire Well-being
Scale (MPQ-WB)

Comprehensive Quality of Life Scale (COMQOL-A4)

Quality of Well-being Scales (QWB-SA)

WHOQOL

Euro-D
General Health Questionnaire-12 (GHQ-12)
Quality of Life Scale (CASP)

Self-evaluation of Quality of Life (SEQOL)

Day Reconstruction Method (DRM)
‘Thai Well Being Scale
Orientation to Happiness Scale (OTH)

Social production function (SPF-IL)

Kuwaiti Raha Scale (KRS) 2010

Warwick

psycho-socio-spiritual Inventory (BioPSSI)

Perceived Wellness Survey (PWS)

Gallup-Healthways Well-being Index (GHWBI)

Salutogenetic Health Indicator Scale (SHIS)

Positive Mental Health Measurement Scale (PMH)

BBC Well-being Scale (BSC)

Public Health Surveillance Well-being Scale (PHS-WB)

PMSW

urgh Mental-Well-being Scale (WEMWBS)

Zest, resolution and fortitude, congruence between
desired and achieved goals, positive self-concept, and

mood tone

Zest, congruence between desired and achicved goals,

e self-concept, affects

e, negative affects
Agitation, loneliness, attitudes towards ageing

SW, self-control, vitality, anxiety, depression, general
health

Posi

e affect (PA), negative affect (NA), positive

experience (PE), negative experience (NE)
Satisfaction with life, personal efficacy, sociability/
empathy, a positive outlook, physical well-being,
cheerfulness and self-esteem

Family relations, health, resources, spiritual WB

Pos

e affect, absence of negative affct,life

satisfaction

Affect, arousal, cognitive efficiency, motivation

Comprehens

lity, manageability, meaningfulness.
Positive, negative affects

Mobility,self-care, usual activities, pain, anxiety/
depression

Affects, social SWB, physical health, lfe satisfaction

Physical function, role physical, general health, social

functioning, pain, mental health, vitality
Cheerful, calmness, activity, rest, interest
Health, affects, relationships.

Optimism, pessimism

Physical SWB, psychological SWB, self-care,
independent functioning, occupational functioning,
interpersonal functioning, social-emotional support,
community and services support, personal fulfillment,

spiritual fulfllment, overall quality of life

Self-acceptance, positive relations, autonomy,
environmental mastery, purpose in life, personal

growth
General distress, anxiety, depression

Social potency, achievement, social closeness, stress
reaction, alienation, aggression, control, harm

avoidance, traditionalism, absorption

Material SWB, health, productivity, intimacy, safety,

place in community, affects

Health, mental health, mobility, physical activity,

relationships
Physical health, psychological health, social
relationships,level of independence, environment,
spirituality

Affective suffering, motivation

Positive, negative affects

Control, autonomy; affects, sef-realization

Well-being, lfe satisfaction, happiness, family,
fulfilment of needs, satisfaction with relationships,

releasing life potential, objective factors, quality of life
Life satisfaction, feclings

Life satisfaction, relationships

Meaning, pleasure, engagement

Universal goals affection, behavioural confirmation,

status, comfort and stimulation
Religiosity, happiness, stability, confidence, likable
Optimism, purpose in lfe, elaxed, cognition,
relationships, fecling loves

Health, emotions, relationships, spiriuality,lfe

satisfa

0
Health spirituality; affects, relationships, emotions,
cognition

Life satisfaction, emotional health, physical health,
healthy behaviours, work environment, access to
health care

Affects, relationships

Coping, emotional support, spirituality; relationships,
personal growth, affects

Life satisfaction, personal growth, relationships

Life satisfaction, meaning in life, autonomy,
competence, relatedness, affects, relationships, health,
energy

Physical domain, mental domain, social domain
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Number of Proportion

questionnaires

Landlease Ardor 2 0.2%
Gardens
NEY International 1 1.08%

Evergreen Homeland

Senior Living 30 295%
LAMORE-Shanghai

Kanggiao

Star Castle 0 393%
Greenland 50 492%
Community—

Yishangju

Greenland 53 521%
International

Residence Hotel

Yungi Lanting 80 7.87%
Xiangshuwan 86 8.46%
Xiangheyuan 100 983%
Puyue—Limitless 102 10.03%
Love

China Taiping— 138 13.57%
Wutong Home

Aveo (China) 157 15.44%
Campus

Taikang Community- 168 16.52%
Shenyuan

The quantity of questionnaire responses s independent of the community’ resident
population. The survey was conducted with the assistance of community managers. The
questionnaire was widely distributed among older adults in certain communities,such as at
Taikang Community-Shenyuan. However, in some communities, the questionnaire
distrbution was temporarily suspended due to various reasons, including considerations for
the health and safety of the older adult population, as observed at Landlease Ardor Gardens.
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The current study sample
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Variables n (%) Robust

Nighttime sleep<6 h

OR (95%Cl) P for interactiol

Gender 0816
Female 3,190 (55.37) 285/1637 460/1553 154 (1.28 ~ 1.86) <0.001

Male 2,571 (44.63) 358/1656 305/915 158 (1.28 ~ 1.93) <0.001

Age 0392
60-69 3,699 (64.21) 3912197 40471502 142119~ 1.70) <0.001

70-79 1724 (29.93) 2161930 301/794 176 (1.39 ~ 2.22) <0.001

80and above 338 (5.87) 36/166 60172 169 (0.94 ~ 3.04) 0077

Nighttime sleep 6-8 h

Gender 0878
Female 3,190 (55.37) 519/1831 226/1359 0.66 (054~ 0.80) <0.001

Male 2,571 (44.63) 379/1180 284/1391 0.67 (055~ 0.82) <0.001

Age 0.480
60-69 3,699 (64.21) 4691799 326/1900 0.73 (061~ 0.87) <0.001

70-79 1724(29.93) 3561995 161/729 0.61(0.48~0.77) <0.001

80and above 338 (5.87) 731217 237121 0.62 (033~ 1.16) 0.134

Nighttime sleep>8 h

Gender 0977
Female 3,190 (55.37) 686/2912 591278 0.88 (063~ 1.23) 0.465

Male 2,571 (44.63) 589/2306 741265 0.91 (066~ 1.26) 0.561

Age 0903
60-69 3,699 (64.21) 73013402 65/297 0.90 (065~ 1.25) 0534

70-79 1724 (29.93) 462/1523 551201 0,82 (057~ 1.17) 0272

80and above 338 (5.87) 831293 13/45 0.79 (034~ 1.85) 0.591

OR, odds ratio, CI, confidence interval.
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Variables (1) First stage (2) Second stage

Life Medical accessibility Social Life Medical accessibility Social
satisfaction participation satisfaction participation
Life Health Physical Door-to-  Social elections  Mental health Mental Mental Mental Mental health
satisfaction records examination door health health health
medical
services
Informal Social 003104 0,199+ 00575%+ 00543 01015 0.370%% 0.392%0% 0.398%4% 0.399%%% 03747
Support (00114) (00209 (0.0156) (0.0302) (0.0142) (0.0383) (0.0391) (0.0389) (0.0387) (0.0387)
Life Satisfaction 0,807+
(0.0598)
Health Records 0.285%
(0.150)
Physical 0.261%*
Examination (0.106)
Door-To-Door 0743+
Medical Services (©29)
Social Elections 0,680+
(0.0951)
Control Variable Control Control Control Control Control Control Control Control Control Control
Province Effect YES YES YES YES YES YES YES YES YES YES
Constant / ~2486++% —1571%% ~3.070%% 16387+ 2007445 3372545 3370+ 3371 33,0255
/ (0.305) (0.235) (0.462) (0.214) (0.641) (0.581) (0.580) (0.580) (0.588)
Observations 8497 7,637 8462 7,835 8,546 7,038 7,063 7,063 7,063 7,063
Resquared / / / ! 1 0307 0287 0.287 0.287 0.292

Standard errors in parentheses, ***p <0.01, *#p<0.05, *p<0.1.
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Variable Beta SIE OR (95%Cl)

Nighttime sleep time(h)

68h 1.00 (Reference)
<6h 045 007 611 <0001 1.58 (1.36 ~ 1.82)
>8h 012 013 095 0345 113 (0.88 ~ 1.44)

The model was adjusted for all covariates.
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(1) By Age (2) By Household Registration (3) By retirement location

Variables Low-age  High-age Agricultural Non-agricultural Children Non-children
Informal Social 0.519%*% 0.396%*% 0.453%+% 0.508%%* 0.457%** 0.194%%
Support (0.0422) (0.0723) (0.0536) (0.0512) (0.0450) (0.0775)
Control Variable Control Control Control Control Control Control
Province Effect YES YES YES YES YES YES
Constant 33.66%** 32.06%** 33250 34.21%%* 32.50%** 36.17%%*
(0.901) (1.598) (0.809) (0.747) (0.666) (1.280)
Observations 5893 2099 3957 4035 5337 1726
R-squared 0305 0272 0.294 0319 0.307 0.270

Standard errors in parentheses, ***p<0.01, **p<0.05, *p<0.1
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Variable Model one
Nighttime sleep

<6h 1.00 (Reference)
6-8h 050 (0.4 ~ 0.57) **
>8h 0.71(0.57 ~ 0.87) **
Nap time

0min 1.00 (Reference)
<30 min 109 (0.90 ~ 1.31)
30-90 min 112(0.96 ~ 1.31)
90 min 119 (101 ~ 1L41) *

Model 1 includes nighttime and nap time of older adults, model 2 controls for demographic variables, and model 3 has all covariates.

Model two

1.00 (Reference)
0.51 (045 ~ 0.59) **

0.66 (0.53 ~ 0.82) **

1.00 (Reference)
L11(0.92~135)
1.09 (093 ~ 1.27)

111 (094~ 1.32)

Model three

1.00 (Reference)
0.63(0.54~0.73) **

071 (056 ~0.90) *

100 (Reference)
108 (0.8 ~ 1.34)
107 (090 ~ 1.27)

1.08(0.90 ~ 1.31)
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Variables
Informal
Social Support

Control
Variable

Province Effect

Constant

Observations

Resquared

(1)2sLS

Mental
health

0.880%%%
(0:203)

Control

YES

30.28%5%
(0.547)
7,992

0157

(2) Replace the
explained
variable

Psychological
counseling

~0.0703%%
(0.0348)

Control

YES

20067
(0.569)
6,330
/

Standard errors in parentheses, ***p<0.01, *#*p<0.05, *p<0.1

(€)]
Winsorization
treatment

Mental health

0.433%5%
(0.0431)
Control
(0.251)
YES
(0.412)
3201055
(0.611)
7,063

0.286
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Age, Mean  SD
FI, Mean £ SD
Gender, 1 (%)

Female

Male

Region, 1 (%)

City

Countryside

Marital status, n (%)
Married

Divorce

Widowed

Unmarried

Living alone, 7 (%)
No

Yes

Self-rated health, 1 (%)
Very bad

Bad

Fair

Good

Very good

Naptime, 1 (%)

0min

<30 min

30-90 min

90 min

Nighttime sleep, 7 (%)

<6h

6-8h
>8h

Social events, 1 (%)
No

Yes

Smoking, 1 (%)

No

Yes

Drinking, (%)

No

Yes

Education level, 1 (%)
literate

Elementary school

Junior high school and

above

Multimorbidity, 1 (%)
No

Yes

Frequency of physical
activity, n (%)

0 times a week

1-4 times a week

more than 4 times a week
Age, n (%)

60-69

70-79

80 and above
Occupational status, 1 (%)
Retired

Continue to work afier
retirement

Working

Unemployed

{ ttest; 7 (df), Chi
SD, standard deviation.

Total (n
68274618

025+ 1.04

3,190 (55.37)

2,571 (44.63)

532(9.23)
5.229(90.77)

4412 (76.58)
62(1.08)
1,257 (21.82)
30(052)

5,192(90.12)

569 (9.88)

492 (8.54)
1322 (22.95)
2,796 (48.53)
581 (10.09)

570 (9.89)

2,154 (37.39)
826 (14.34)
1,572 (27.29)

1,209 (20.99)

2,468 (42.84)

2,750 (47.73)

543 (943)

3,330 (57.82)

2,429 (42.18)

3,467 (60.18)

2,294 (39.82)

3,977 (69.06)

1782 (30.94)

3,589 (62.30)
1,240 (21.52)

932 (16.18)

1,446 (25.10)
4315 (74.90)

796 (13.82)
827 (14.36)

4,138 (71.83)

3,699 (64.21)
1724 (29.93)
338 (5.87)

45 (0.78)

85(1.48)

3,765 (65.35)

1866 (32.39)

(3]

Robust (n
67.97£6.13

017004

2,445 (56.17)

1908 (43.83)

396 (9.10)
3,957 (90.90)

3,359 (77.17)
48 (1.10)
924 (21.23)

22(051)

3,926 (90.19)
427 (9.81)

255 (5.86)
844(19.39)
2,229 (51.21)
507 (11.65)

518 (11.90)

1,641 (37.70)
621(14.27)
1,188 (27.29)

903 (20.74)

1703 (39.12)

2,240 (51.46)

410 (9.42)

2357 (54.17)

1994 (45.83)

2,713 (62.32)

1,640 (37.68)

3,055 (70.21)

1,296 (29.79)

2,649 (60.85)
950 (21.82)

754(17.32)

1,418 (32.58)
2935 (67.42)

504 (11.58)
619 (14.22)

3,230 (74.20)

2,904 (66.71)
1,207 (27.73)

242(5.56)

36(0.83)
70(1.61)

2,997 (68.85)

1250 (28.72)

69.18+6.28

048£2.09

745 (5291)

663 (47.09)

136 (9.66)
1,272 (90.34)

1,053 (74.79)
14(0.99)
333 (23.65)
8(057)

1,266 (89.91)
142(10.09)

237(16.83)
478 (33.95)
567 (40.27)
74(5.26)
52(3.69)

513 (36.43)
205 (14.56)
384 (27.27)

306 (21.73)

765 (54.33)

510(36.22)

133 (9.45)

973 (69.11)

435 (30.89)

754 (53.55)

654 (46.45)

922(65.48)

486 (34.52)

940 (66.76)
290 (20.60)

178 (12.64)

28(1.99)
1,380 (98.01)

292 (20.74)
208 (14.77)

908 (64.49)

795 (56.46)
517 (36.72)
96 (6.82)

9(0.64)

15(1.07)

768 (54.55)

616 (43.75)

7=040

7=385

7=009

7=39004

£=101

£=10920

7=9727

7=3417

Z£=1114

7=2110

r=529.02

7=7881

7=4902

7=11015

<0.001

<0.001

0033

0527

0278

0763

<0.001

0.798

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Model 1

Variables Mental
health

Informal Social 0.679%+*

Support (0.0351)

Gender

Age

Marital Status

Education

Income

Household

Registration

Health Status

Hospitalization

Status

Number Of Children

Network Application

Place Of Retirement

Land Ownership

Retirement Status

Housing Type
Province Effect NO
Constant 25387+
(0.133)
Observations 9,027
R-Squared 0.040

Model 2

Mental
LEEIG

0.433%5%
(0.0396)
~0.0652
(0.0920)
000397

(0.00746)
07145

(0.107)

0.276%%%
(0.0670)

0.0691%++
(0.0226)
0956+

(0.135)
~0918%+
(0.0554)
—0295%%
(0.0489)
~00888%*
(0.0386)
~0353%%
(0.0358)

—0345%%
(0.0703)

~0929%3

(0.122)
0,688
(0.134)
00621
(0.101)
NO
2871
(0.596)
7,063

0154

Standard errors in parentheses, ***p <0.01, **p<0.05, *p<0.1.

Model 3

Mental
health

0.402%%%
(0.0387)
~0.0667
(0.0857)
~00103

(0.00703)
0741555
(0.0991)
0.173%5%
(0.0627)

00374
(0.0233)
0.607%+%
(0.125)
—0.977%%%
(0.0548)
—0.236%%%
(0.0452)
~00161
(0.0391)
~0204%+
(0.0365)
—0454x**
(0.0657)
~0.700%5
(0.130)
0110
(0.126)
0.403%+%
(0.101)
YES
322505
(0.604)
7,063

0.286
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P for overall < 0.001
P for nonlinear < 0.001

Odds ratio (95% CI)






OPS/images/fpubh-12-1446246/fpubh-12-1446246-t004.jpg
VarName Variable definition Mean SD
Explained Variable

‘The negative emotions are processed in reverse order, then adding the positive
Mental Health 27.8039 4.0811
emotions results scores which are range from 9 to 36 points.

Psychological Consulation Using psychological counseling services = 1, No=0. 00188 0.1359
Explanatory Variables

Selecting 9 aspects: the childs financial help, housework support, contact frequency,

Informal Social Support family or relative support, and friend support and using Principal Component 36100 11937
Analysis to obtain a comprehensive score.

Mediating Variable
Life satisfaction: very dissatisfied = 1, relatively dissatisfied =2, average =3, rlatively

Life Satisfaction 3.7758 0.8707
satisfied =4, very satisfied =5,

Medical Accessibility

~Health Record Establishment Establishing health record =1, No=0. 01184 03231
~Free Physical Examination Services | Using free physical examination services =1, No=0 03008 04586
~Door-To-Door Medical Services Using door-to-door medical services =1, No=0. 00316 01750
Participated in local residents committee election= 1, no 0409 04918
Control Variables
Gender Male=1,No=0. 05024 0.5000
Age Continuous variable. 714515 73711
Marital Status Married=1,No=0. 06932 04612
Education Educational level. 14485 07362
Income Logarithm of income. 87025 23439
Household Registration Agriculture=1, No=0. 05350 0.4988
o Generate a 1-5 ordinal variable from self-rated very healthy to self-rated very e o897
unhealthy.
Hospitalization Status Hospitalized in the past 2years =1, No=0. 04471 09415
Number of Children continuous variable. 26097 14272
Network Application Internet access=1,No=0 43532 1.4082
Place of Retirement childrens home=1,No=0 13413 0.6844
Land Ownership Land owned=1,No=0 01878 03905
Retirement Status Retirement=1, No=0 03647 04814

Housing Type bungalow=1, building=0 05453 0.4980
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Domains Average score

(out of 100)
1 Environmental mastery (EM) 7433
2 Self-acceptance (SA) 7315
3 Positive relations with others (PR) 7178
4 Purpose inlife (PL) 7007
5 Personal growth (PG) 66.40
6 Autonomy (AU) 65.18

Average score 7015





