

[image: image1]
Trajectories of cognitive function development and predictive factors in disabled middle-aged and older adults









 


	
	
ORIGINAL RESEARCH
published: 09 September 2024
doi: 10.3389/fpubh.2024.1436722








[image: image2]

Trajectories of cognitive function development and predictive factors in disabled middle-aged and older adults

Jiaxue Pang†, Yang Xu, Qiankun Liu, Juju Huang, Pengyao Li, Li Ma, Chunlu Zeng, Xiaoqing Ma and Hui Xie*


College of Nursing, Bengbu Medical University, Bengbu, Anhui, China

Edited by
 Daniel Velázquez Díaz, AdventHealth, United States

Reviewed by
 BoRin Kim, University of New Hampshire, United States
 Hui Liew, University of Nebraska at Kearney, United States

*Correspondence
 Hui Xie, hui2122@sina.com 

†These authors share first authorship

Received 22 May 2024
 Accepted 30 August 2024
 Published 09 September 2024

Citation
 Pang J, Xu Y, Liu Q, Huang J, Li P, Ma L, Zeng C, Ma X and Xie H (2024) Trajectories of cognitive function development and predictive factors in disabled middle-aged and older adults. Front. Public Health 12:1436722. doi: 10.3389/fpubh.2024.1436722
 

Objective: To explore the trajectories of cognitive function development and predictive factors in disabled middle-aged and older adults.

Methods: Utilizing data from 983 disabled middle-aged and older adults in the China Health and Retirement Longitudinal Study (CHARLS) from 2013 to 2020, latent growth mixture models were constructed to analyze the categories of cognitive function development trajectories and their predictive factors.

Results: The cognitive function trajectories of the disabled middle-aged and older adults were classified into three categories: rapid decline (32.6%), Slow decline (36.1%), and Stable (31.2%). Multinomial logistic regression analysis identified age, gender, residence, education, marital status, household income, sleep duration, depression, hearing ability, and social participation as predictors of these trajectories.

Conclusion: There is heterogeneity in the cognitive function development trajectories among disabled middle-aged and older adults. Healthcare professionals can implement targeted health management based on the characteristics of different groups to prevent the deterioration of cognitive function in this population.
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1 Introduction

Cognitive function is an important indicator reflecting health status, directly influencing an individual’s ability to perform daily activities and overall quality of life (1). Cognitive impairment is relatively common among middle-aged and older adults. It is known that cognitive impairment is an early clinical symptom of dementia, which may later develop into cognitive disorders, Alzheimer’s disease, and other conditions (2). Currently, approximately 10 million older adults in China suffer from cognitive disorders, accounting for one-fifth of the world’s population with cognitive disorders. This number is projected to increase to 16 million by 2030 (3). There are currently no effective treatments for cognitive impairment or dementia (4). Therefore, identifying modifiable risk factors associated with cognitive decline is crucial for delaying and preventing the onset of cognitive impairment and/or dementia.

According to the 2006 Second National Sample Survey on Disability in China, older adults with disabilities constitute 24.43% of the total older population and 53.24% of the total disabled population (5). Recent statistics indicate that individuals aged 45 and above account for 43.43% of the population, with those aged 60 and above comprising 18.94% (6). With the intensification of population aging, the number of middle-aged and older adult individuals with disabilities is gradually increasing. There is a close association between disability and cognitive impairment. Research indicates that disability and cognitive impairment often co-occur, sharing common risk factors and biological mechanisms, including disease-dependent and age-dependent mechanisms (7). From 2010 to 2020, the proportion of older adults with cognitive impairment in China increased from 13.26 to 18.7% (3). Another study based on national survey data revealed that the detection rate of cognitive impairment among older adults with disabilities in China is as high as 56.13% (8), significantly higher than the overall detection rate of cognitive impairment among the older adults. The cognitive function status of the older adults disabled population is therefore a cause for concern.

Currently, research on depression among middle-aged and older adults with disabilities is noticeably lacking. To our knowledge, no studies have been conducted on the trajectories of cognitive function changes in disabled middle-aged and older adults. Previous research on the relationship between cognitive function and disability has mostly been based on cross-sectional surveys (9, 10), which do not account for the dynamic nature of cognitive function, influenced by health status, lifestyle, and environmental factors over time. Moreover, cognitive changes in middle-aged and older adults follow different differentiated trajectories, exhibiting heterogeneity (11, 12). Therefore, it is essential to enhance in-depth research on cognitive function among the disabled middle-aged and older adults to promote a comprehensive understanding of their cognitive status and to prevent or delay the onset of cognitive impairment in this demographic.

The health ecology model applies ecological theory and methods to the health domain, emphasizing the multi-layered influence of the social environment on individuals. This model posits that individual health results from the interplay of individual factors, social environment, healthcare policies, cultural customs, and other elements (13). In recent years, the health ecology model has been widely applied in the medical and health fields. Utilizing this model allows for a multidimensional exploration of the cognitive function trajectories and their predictive factors among disabled middle-aged and older adults, thereby providing new approaches and perspectives for the prevention and control of cognitive function decline in this population (14). Previous studies adopting this health ecological perspective have demonstrated that the factors influencing cognitive function are multifaceted (15).

Based on this model, this study utilizes four waves of data from the China Health and Retirement Longitudinal Study (CHARLS) to conduct a comprehensive analysis of the cognitive function trajectories, considering five factors ranging from individual characteristics to external environment. The aim is to analyze the cognitive function changes and their predictive factors among the disabled middle-aged and older adults in China, providing a theoretical basis for identifying and intervening in cognitive impairment in this demographic, thereby promoting healthy aging.



2 Materials and methods


2.1 Data collection

The China Health and Retirement Longitudinal Study (CHARLS) is a large-scale, interdisciplinary survey project hosted by the National School of Development at Peking University. It collects high-quality longitudinal survey data through household interviews from a nationally representative sample of individuals aged 45 and above and their spouses. The survey covers 150 counties and 450 communities (villages) across 28 provinces (autonomous regions and municipalities) in China. The baseline survey was conducted in 2011, with follow-up assessments every 2 years, including physical measurements during each follow-up. The CHARLS database comprises seven modules: basic demographic information, family information, health status and functioning, healthcare and insurance, work, retirement and pension, income, expenditure and assets, and housing. This study has received approval from the Biomedical Ethics Review Committee of Peking University (Ethics approval number: No. IRB00001052-11015), and all participants have provided informed consent.

This study utilized four waves of CHARLS data from 2013, 2015, 2018, and 2020. Based on the research objectives, the inclusion criteria were: age ≥ 45 years in the 2013 baseline survey; ADL scale (14) includes six activities: dressing, bathing, eating, getting in or out of bed, using the toilet, and controlling bowel and bladder functions, where difficulty in completing any one of these tasks is defined as ADL functional limitation (disability) (16); full participation in all four waves of the survey; complete demographic information, required health-related information, physical examination data, etc. The exclusion criterion was unwillingness to participate in the CHARLS survey. In this longitudinal cohort study, a total of 983 participants were selected, excluding those under 45 years of age, non-disabled, lost to follow-up, and those with missing cognitive function data. The response rates for waves 1 to 4 were 88.3, 87.1, 86.4, and 86.8% (17). The complete process of participant selection is shown in Figure 1.
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FIGURE 1
 CHARLS selection process flowchart.




2.2 Cognitive function

Cognitive function scores are calculated using the Telephone Interview for Cognitive Status (TICS) from the CHARLS questionnaire, encompassing three dimensions: mental status, immediate recall ability, and delayed recall ability. Mental status involves asking the respondent about the current year, month, date, day of the week, and season, and to subtract 7 sequentially five times from 100, with the number of correct answers contributing to the score, up to 10 points. Immediate recall ability involves reading 10 words to the respondent and scoring the number of words correctly recalled, also up to 10 points. Delayed recall ability tests recall of the same 10 words after a time interval, with each correct word also scoring a point, up to 10 points. The total possible score is 30 points, with higher scores indicating better cognitive function (17). Cognitive impairment was defined according to the educational level of the participants: illiterate individuals scoring <17, primary school education <20, secondary school education (including vocational school) < 22, and college education (including junior college) < 23 (18) (Figure 2).
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FIGURE 2
 Development trajectory of cognitive function in disabled middle-aged and older adult people.




2.3 Variable

The health ecology model is one of the derivative models of ecology and has been widely applied to analyze the influencing factors of individual diseases or health (19). This model emphasizes that an individual’s health is the result of the combined effects of the individual and the environment. It advocates analyzing the influencing factors of health or disease from multiple levels, including the individual and the environment, to provide health information from different dimensions and ultimately promote health (20). The health ecology model is mainly divided into five dimensions:

Personal characteristics: Variables include age (1 = 45–59 years, 2 = 60 years and above), gender (1 = male, 2 = female), and chronic diseases (1 = yes, 2 = no);Behavioral characteristics: Variables include smoking (1 = yes, 2 = no), sleep duration (1 = <6 h, 2 = 6–8 h, 3 = >8 h), self-rated health (1 = good, 2 = average, 3 = poor), and hearing ability (1 = good, 2 = average, 3 = poor). Interpersonal network: Variables include marital status (1 = married, 2 = not married), residence (1 = rural, 2 = urban), social participation (1 = yes, 2 = no), and depression (1 = yes, 2 = no). Living and working conditions: Variables include education level (1 = illiterate, 2 = primary school and below, 3 = junior high school and above) and family income (1 = annual income <15,000 RMB, 2 = 15,000–30,000 RMB, 3 = >30,000 RMB). Policy environment: Variables include medical insurance (1 = yes, 2 = no) and pension insurance (1 = yes, 2 = no).

Definitions of some independent variables are as follows: (1) Smoking: Defined as having smoked in the past year; (2) Social participation: Assessed by the question “Have you participated in the following social activities in the past month?” Participation in at least one social activity is considered as social participation; otherwise, it is considered as no participation; (3) Hearing ability: Measured by the question “How is your hearing?” with answers including “excellent, very good, good, average, poor.” In this study, “excellent, very good, good” are categorized as good, “average” as average, and “poor” as poor; and (4) Pension insurance: Assessed by the question “Are you currently participating in or receiving any of the following pension insurances?” Participation in at least one is considered as having pension insurance; otherwise, it is considered as not having pension insurance.



2.4 Statistical analysis

Statistical analyses were conducted using Mplus version 8.3 software to perform latent growth mixture modeling (LGMM). The number of classes was incrementally increased, and model fit indices were compared to determine the optimal model based on practical significance and statistical indicators. Key fit indices included the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and sample-size adjusted BIC (aBIC), with lower values indicating better model fit. Entropy, ranging from 0 to 1, was also considered. Model comparison utilized the Lo–Mendell–Rubin (LMR) test and the Bootstrap Likelihood Ratio Test (BLRT). A p-value less than 0.05 indicated that the fit of model K was superior to that of model K-1. Descriptive analysis was carried out using SPSS version 26.0, presenting count data as frequencies or percentages, and normally distributed metric data as means ± standard deviations (x ± s). Multivariate logistic regression was employed to analyze predictive factors for cognitive trajectories among the disabled middle-aged and older adults, with a significance level set at α = 0.05.

The baseline data from the 2013 CHARLS survey included variables across five dimensions: personal characteristics, behavioral traits, interpersonal networks, work and living environment, and policy environment. These variables were used to explore the predictive factors for changes in cognitive function trajectories among disabled middle-aged and older adults from 2013 to 2020.




3 Results


3.1 Descriptive characteristics

At the 2013 baseline, the study included 983 disabled older adult participants with an average age of 61.10 ± 8.71 years. The majority were female (60.42%), married (84.64%), residing in rural areas (68.87%), with an educational level of primary school or less (77.62%), and a family income less than 15,000/year. The number of participants with cognitive impairments across the four waves of the survey was 662 (67.34%), 708 (72.02%), 729 (74.16%), and 765 (77.82%), respectively. Baseline characteristics of the participants are detailed in Table 1.



TABLE 1 Comparison of basic characteristics of cognitive function in different potential categories of study subjects.
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3.2 Results of the cognitive function LGMM latent class analysis

Models with 1 to 5 classes were set, and the results showed that as the number of classes increased, the values of AIC, BIC, and aBIC decreased, and the Entropy values also changed accordingly. Asparouhov suggested that the number of profiles could be determined by the inflection point where the AIC, BIC, and aBIC values drop (21). Although the AIC, BIC, and aBIC values generally decreased, there was a significant inflection point at the three-class model, where the rate of decline markedly slowed, indicating that the four-class model was not significantly better than the three-class model in terms of AIC, BIC, and aBIC indices. Additionally, the four-class model was merely an extension of the three-class model without providing new theoretical contributions. Howard argued that when profiles have similar theoretical significance, a simpler profile model should be selected (22). Therefore, considering the simplicity of the model, the three-class model was chosen as the optimal model (see Table 2).



TABLE 2 LGMM fitting information of cognitive function change trajectory of study sample.
[image: Table2]



3.3 Analysis of latent class trajectories

The estimation results for the three-class LGMM model revealed distinct patterns in cognitive function among the classes: Low-Level Deterioration Group: This group had the lowest average cognitive function score (α = 8.064, p < 0.001), with a rapid decline over time (β = −1.571, p < 0.001). Normal Aging Group: The cognitive function scores for this group were at a medium level (α = 14.300, p < 0.001), showing a gradual decline over time (β = −1.160, p < 0.001). High-Level Stability Group: This group had the highest average cognitive function score (α = 18.525, p < 0.001), which remained relatively stable (β = −0.150, p = 0.164). Graph 2 illustrates the trajectories of cognitive function development for each latent class. Table 3 presents the estimated intercepts and slopes for cognitive function along with their respective statistical test results.



TABLE 3 Intercept and slope estimates of potential categories of cognitive function in the study subjects and their test results.
[image: Table3]



3.4 Univariate analysis of cognition trajectory classes in disabled middle-aged and older adults

Univariate analysis indicated statistically significant differences among the different classes based on age, gender, residence, marital status, education level, family income, sleep duration, hearing ability, depression, and social participation. These results are detailed in Table 1.



3.5 Characteristics by cognition of trajectory classes

Using cognitive function trajectory classes as the dependent variable and the variables with statistical significance from univariate analysis as independent variables, a multivariate logistic regression was performed with the “stable” group as the reference. When comparing the “rapid decline” group to the “stable” group, living in rural areas, family income less than 15,000/year, and depression were more likely to be classified as “rapid decline” group. On the other hand, being male, married, having 6–8 h of sleep, social participation, an education level of junior high school and above, and being aged 45–59 were more likely to be classified as “stable” group; When comparing the “slow decline” group to the “stable” group, living in rural areas and depression were more likely to be classified as “slow decline” group. In contrast, having good hearing ability, an education level of junior high school and above, and being aged 45–59 were more likely to be classified as “stable” group. See Table 4 for details.



TABLE 4 Logistic regression analysis of factors influencing cognitive function of research subjects.
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4 Discussion

To the best of our knowledge, this is the first study to analyze the cognitive function trajectories of disabled middle-aged and older adults using data from a 7-year longitudinal study and to explore their predictive factors. Our findings indicate that there are three distinct cognitive function trajectories among disabled middle-aged and older adult individuals: Rapid decline (32.6%), Slow decline (36.1%), and Stable (31.2%).

The management of cognitive function in disabled middle-aged and older adults should focus not only on treatment but also on prevention and control. Therefore, identifying and understanding the cognitive function trajectories and their predictive factors is more meaningful for maintaining cognitive function in this population. Our study results show that disabled middle-aged and older adults who are male, married, have 6–8 h of sleep, good hearing ability, social participation, an education level of junior high school and above, and are middle-aged (45–59 years old) are more likely to maintain a good and stable level of cognitive function. In contrast, those living in rural areas, with family income less than 15,000/year, and with symptoms of depression are more likely to experience a rapid decline in cognitive function. It is evident that the predictive factors of cognitive function trajectories in disabled middle-aged and older adults in China involve not only personal characteristics and behaviors but also interpersonal networks and living and working conditions.

A study on the cognitive trajectories of middle-aged and older adults in China identified three distinct trajectories: slow decline (46.83%), moderate decline (38.44%), and rapid decline (14.73%) (23). Notably, our research found that the proportion of disabled middle-aged and older adults with a rapid cognitive decline trajectory was as high as 32.6%, significantly higher than the rapid decline trajectory in the general older adult population (14.73%). Additionally, even the “stable” group with the highest average cognitive function scores (α = 18.525) exhibited relatively poor cognitive function, indicating that cognitive impairment is more severe among disabled middle-aged and older adults. A study in Japan suggested that physical disability might be associated with neurodegeneration, and the progression of disability is related to cognitive decline (24). For the disabled middle-aged and older adults, it is crucial to establish regular cognitive function assessment mechanisms, as early detection of cognitive issues can facilitate timely intervention measures.

Individual traits, as variables that are not easily changed, are the most direct factors affecting health. Many other factors, such as interpersonal networks, environment, and psychology, influence disease occurrence through their impact on individual traits (20). Middle-aged individuals (45–59 years) are more likely to maintain stable cognitive function compared to older adults (≥60 years), consistent with previous studies (25). As age increases, cognitive abilities tend to decline, which may be related to increased oxidative stress and amyloid protein deposition in the brain leading to brain damage in older adults (26). Men are more likely to maintain stable cognitive function compared to women. This gender difference may be due to differences in socioeconomic status (SES), social networks, engagement in leisure activities, and early life experiences (27, 28).

Behavioral characteristics are closely related to cognitive function in disabled middle-aged and older adults. A national survey indicated that smoking is one of the modifiable risk factors for cognitive impairment (29). In this study, smoking did not have a significant impact on cognitive function in disabled middle-aged and older adults, which may be due to survivor bias among the middle-aged and older adults (30). Disabled middle-aged and older adults who sleep 6–8 h have better cognitive function compared to those with short (<6 h) or long (>8 h) sleep durations, consistent with previous research (31). There is an inverted “U” shaped relationship between sleep duration and the risk of cognitive impairment (32). Short sleep duration (<6 h) may lead to reduced clearance of metabolic waste by the brain’s glymphatic system, chronic neuroinflammation, and hypoxemia (33–35). The decline in cognitive function associated with long sleep duration (>8 h) may be related to increased sleep fragmentation and insufficient deep sleep (36). Since sleep duration is a modifiable and intervenable factor, it is necessary to consider the physical condition, lifestyle, and environmental factors of disabled individuals to develop the most suitable sleep improvement plan. Disabled middle-aged and older adults with good hearing ability are more likely to maintain good cognitive function. Hearing loss has been identified as one of the major modifiable risk factors for dementia (37). The “cascade hypothesis” suggests that hearing loss leads to cognitive decline in a comprehensive manner, where sensory deprivation, social isolation, and increased depressive symptoms due to hearing loss can all contribute to cognitive deterioration (38). For disabled middle-aged and older adults with hearing loss, we recommend the use of hearing aids and cochlear implants to prevent cognitive decline.

Interpersonal networks have a significant impact on the cognitive function of disabled middle-aged and older adults. Those living in urban areas tend to have better cognitive function, as urban regions generally offer more medical resources and health services. Disabled middle-aged and older adults in these areas can more easily access healthcare, rehabilitation services, and treatment, which helps maintain good cognitive function (39). Married disabled middle-aged and older adults also demonstrate better cognitive function, aligning with previous research (40). The resource model suggests that the loss of marriage also means the loss of economic, social, practical, and psychological resources, which are risk factors for cognitive decline (41). Married disabled individuals can receive support and care from their spouses, accompanied by more social interaction and emotional connection, which is beneficial for maintaining cognitive function. Our study shows that disabled middle-aged and older adults with social participation have better cognitive function. Social participation in the disabled population is often overlooked, but our research confirms its value in cognitive function. As one of the three pillars of active aging (42), the cognitive reserve theory proposes that social participation provides mental stimulation through complex communication and interaction with others, which can activate and strengthen various neurobiological pathways, thereby maintaining cognitive function in a relatively stable state (43, 44). Pain, fatigue, and architectural barriers are significant obstacles to the participation of the disabled population (45). Therefore, we recommend providing regular health check-ups and medical services for disabled middle-aged and older adults, and ensuring that public places, residential areas, and transportation facilities are equipped with accessible designs to facilitate social participation. Depression is a predictor of rapid cognitive decline in disabled middle-aged and older adult individuals. Previous research has shown that depressive symptoms precede cognitive decline in the older adult (46). Additionally, depression is a mediating factor for cognitive impairment and functional disability in middle-aged and older adult individuals (47). Our study’s last follow-up was in 2020, during which many COVID-19 survivors experienced persistent depression and related neurocognitive disorders (48, 49). A French study indicated that immune system disorders triggered by COVID-19 infection might induce psychopathology, leading to depressive symptoms and cognitive impairment (50). Some scholars view disability as a chronic stress experience, suggesting that disability interferes with individuals’ perceived social support and sense of control, subsequently increasing the level of depression in the middle-aged and older adults (51). Regular monitoring and detection of depressive symptoms in the disabled population may help slow down irreversible cognitive decline (52).

At the level of work and living environment, our study found that disabled middle-aged and older adults with an education level of junior high school or above had better cognitive abilities. This supports the view that longer education helps to slow down cognitive decline and increases brain cognitive reserve (29). Families income of less than 15,000/year were more likely to fall into the rapid decline group, consistent with previous research (53). Low-income disabled families may face more economic pressure and lack resources, making it difficult for them to obtain adequate medical and healthcare services. In contrast, high-income disabled families may have more resources for a healthy lifestyle and health management, increasing their likelihood of utilizing health services and thereby delaying cognitive decline (54).

The impact of policy environments as distal factors on disabled middle-aged and older adults cannot be ignored. Since 2016, China has implemented long-term care insurance (LTCI) to ensure that disabled individuals can access affordable medical services (55). Research by Ye found that the implementation of LTCI significantly improved the cognitive function of disabled older adults (56). However, our study did not find an impact of medical insurance and pension insurance on the cognitive function trajectories of disabled middle-aged and older adults at the policy environment level. One reason is that our study used data from the 2013 CHARLS for medical and pension insurance. Additionally, 42.4% of our sample were middle-aged individuals (45–59 years old), while long-term care insurance is available from age 60. We recommend formulating future medical policies to support disabled middle-aged individuals and extending the applicable age range for disability benefits to enhance their access to health services.


4.1 Strengths and limitations

The main strength of this study is that it is the first to investigate the trajectories of cognitive function changes and their predictors among disabled middle-aged and older adults in China. This research extends the understanding of cognitive function trajectories in the disabled middle-aged and older adults within the socio-economic and cultural context of China. By using a latent growth mixture model, this study overcomes the limitations of traditional growth models that assume all individuals follow the same trajectory. It allows for the identification of distinct subgroups with different trajectory characteristics and trends, which can help in developing targeted intervention and support strategies to improve cognitive function among disabled middle-aged and older adults. Guided by the health ecological model, this study explores the cognitive trajectories and their predictors from factors such as personal characteristics, behavioral lifestyles, and social environments, providing a new perspective for future cognitive function research in the disabled population. Lastly, this study is based on a nationally representative, population-based prospective cohort, making the results highly generalizable and representative.

This study has several limitations. First, we did not categorize the severity of disability. Future research could explore the cognitive change trajectories of middle-aged and older adults with different levels of disability (low, medium, high). Second, due to limitations of the CHARLS database, this study only examined some factors within the health ecological model and did not include physiological and biochemical indicators. Nonetheless, understanding the cognitive function trajectories and their predictors over 7 years in disabled middle-aged and older adults in China remains significant, as it may help the Chinese government in planning and guiding future interventions. Third, the study sample is limited to participants from China, so the generalizability of the findings to other countries or populations remains uncertain. Finally, we used self-reported survey data, which may introduce bias. However, self-reported data are commonly used in disability research of older adults and can more accurately reflect personal status in interaction with the real world (57).




5 Conclusion

There are three distinct trajectories of cognitive function in disabled middle-aged and older adults: Rapid decline, Slow decline, and Stable. Preventive measures to address cognitive decline in this population are crucial. We should focus on the value of modifiable factors such as hearing ability, sleep duration, depression, and social participation to achieve healthy aging in disabled middle-aged and older adult individuals.
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K, the number of feely estimated parameters; AIC, Akaike Information Guidelines; BIC, Bayesian Information Guidelines; aBIC, Bayesian Information Criteria for Calibration Samples;
Entropy information entropy; LMR, likelihood ratio test; BLRT, a Bootstrap-based likelihood ratio test.
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