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Background: China is presently facing the challenge of meeting enormous health demands because of its rapidly aging society. Enrolling older persons in eldercare institutions is a helpful alternative for relieving family caregivers and promoting healthy aging. However, changes in the living environment may negatively affect the mental health of the elderly.

Objective: To explore the association between different living arrangements and depressive symptoms among over-65-year-old people in China and the moderating role of outdoor activities.

Method: The 2018 wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS) used a mixed sampling method to collect the health and demographic information of 15,874 older adults over 65 years from 23 provinces in China. After considering this study's inclusion and exclusion criteria, the final sample comprised 12,200 participants. The participants' risk of depressive symptoms was assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10). The potential association between the two elements was tested using a regression model.

Result: This study's findings suggested a significant relationship between depressive symptoms and living arrangements (P < 0.001). Participants living alone and those living in eldercare institutions had 1.26-times (95%CI: 1.10–1.44) and 1.39-times (95%CI: 1.09–1.77) higher risks of depressive symptoms, respectively, than those living with household members. Outdoor activities play a moderating role between different living arrangements and depressive symptoms. Among participants who engaged in outdoor activities, no significant difference was observed in the risk of depressive symptoms between those living in eldercare institutions and those living with household members (adjusted odds ratio = 1.15, 95%CI = 0.81–1.64, P = 0.426).

Conclusion: The high risk of depressive symptoms among older Chinese people living alone or in eldercare institutions requires considerable attention. The evidence from this study suggests that older people living alone and those living in eldercare institutions should regularly engage in appropriate outdoor activities.
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Introduction

Population aging (and its adverse effects) is becoming a global challenge (1). As in Japan, South Korea, and some European countries, population aging in China has emerged as an increasingly crucial social issue in the last decade. According to the National Bureau of Statistics of China, the number of older people aged over 65 years in China reached 200.56 million (14.2% of the total population) by the end of 2021, indicating that China has become a rapidly aging society (2). The main contributors to this issue are the declining birth rate and the increasing life expectancy (3). The immediate threat of population aging to society is increasing labor and health costs due to chronic age-related conditions. Empirical evidence suggests that age-related diseases, especially among people aged over 65 years, account for over half of the global burden among adults (4). Population aging has also resulted in a social burden in China, potentially contributing to 92.8 million disability-adjusted life-years (DALYs) between 1997 and 2017 (5). Therefore, given that the current population aging trend is almost irreversible, each government's effort focuses on improving health outcomes in the aging population.

Depression is defined as a group of symptoms forming a syndrome and causing functional impairment (6). Depression consists of three main subtypes, including emotional symptoms, neurovegetative symptoms, and neurocognitive symptoms; depressed mood and anhedonia are the fundamental symptoms of depression (6). Depression negatively contribute to the quality of life in aging populations (7). Not only can they considerably reduce each individual's well-being, especially based on the declining physical function in older people, they are also a high-risk factor for many diseases or adverse events (such as suicide, pain, chronic diseases, disability, among others), resulting in more DALYs and years of life lost (YLLs) (8–10). Unfortunately, the prevalence of depressive symptoms among elderly Chinese people was as high as 35.19% (11). Therefore, the research focusing on promoting the mental health of the elderly holds great value at both the social and individual levels.

At present, expanding the industrial scale of eldercare institutions is an essential measure to achieve positive aging and ease the economic burden on society in China (12). Living in eldercare institutions is deemed appropriate behavior because the elderly can benefit from the professional services provided by licensed caregiving staff (13), and family caregivers can be relieved by enrolling older persons in elder care institutions, especially in the era of the post-one-child policy (a family planning measure aimed to control the rapidly growing population). These factors will encourage an increasing population of elderly Chinese individuals to live in eldercare institutions. However, a high prevalence of depressive symptoms was observed among older people living in eldercare institutions (14). Therefore, this study determined the association between depressive symptoms and living arrangements, and explore the moderating role of outdoor activities between depressive symptoms and different living arrangements.

This research framework was designed using the environment-stress theory in environmental psychology (15). This theory states that changes in the living environment (based on how an individual perceives the environment, such as atmosphere, light, and color, among others) will affect an individual's emotional, behavioral, and physiological reactions. Positive emotional reactions in individuals are influenced by elements such as bright light, fresh air, and green spaces in outdoor activities (16–18). Furthermore, individual participation in outdoor activities boosts physical activity and social interaction. Based on the research experience in molecular biology, the serotonin hypothesis is one of the most popular causal hypotheses for depression, suggesting that depression is caused by lower concentrations of the serotonin neurotransmitter (19). Appropriate levels of physical activity can significantly increase the extracellular concentration of serotonin (20). Moreover, the evolutionary theory of loneliness contends that social interaction can effectively lower the increased physical and mental health risks caused by loneliness (21). Therefore, a national-level survey database was selected in this study to examine the differences in the risk of depressive symptoms among the elderly with different living arrangements and whether outdoor activities play a moderating role.



Methods


Study design and sample

This study's data were sourced from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), which was conducted by the National School of Development at Peking University. The nationwide community-based prospective longitudinal study began in 1998, and examinations are conducted every 2–3 years (the latest wave was conducted around 2018). It aims to provide representative data for identifying the determinants of longevity. New participants are registered during the follow-up to reduce the attrition caused by death and loss to follow-up. The CLHLS (2018) was conducted in randomly selected counties and cities in 23 out of 31 provinces in Mainland China (including Beijing, Tianjin, Hebei, Shanxi, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, and Shaanxi). It focussed on the health status, quality of life, cognitive function, personality, psychological characteristics, daily activities, disease treatment, and medical expenses of the older Chinese people. The CLHLS was initially designed to facilitate global comparative analysis, and its survey instruments were translated into Chinese from the instruments of the Danish longevity survey (22). The CLHLS used a multistage cluster sampling method to include all consenting centenarians who live in selected areas. Next, other age groups of the same gender (65–80, 80s, and 90s) in the vicinity of the centenarian's place of residence (in the selected street or village, or in the selected city or county) were randomly invited for this study. Well-trained local Center for Disease Control investigators and university students were hired to conduct in-person interviews at the participants' residences. An earlier investigation reported a more detailed introduction to the CLHLS study design (23).

This study's data were sourced from the 2018 wave of the CLHLS. This wave of the CLHLS collected data from 15,874 participants, from October 2017 to July 2019. First, 95 participants younger than 65 years were excluded. Then, 3,403 participants were excluded because of inability or unwillingness to complete the ten-item Center for Epidemiologic Studies Depression Scale (CESD-10) or for answering data with apparent errors. In addition, 73 participants who failed to respond to questions regarding their living arrangements were also excluded. Finally, 12,200 eligible subjects were screened from 15,874 participants. From the data collected from all participants, a total of 12,461 participants completed the CESD-10 scale (a response rate of 78.50%) and 15,549 participants responded to the questions about their recent living arrangements (a response rate of 97.95%), and 15,619 participants reported outdoor activities in the survey (a response rate of 98.39%). The details of the eligible participants are described in the following section. All participants provided written informed consent at the time of participation, and the CLHLS data collection (IRB00001052–13074) was approved by the Biomedical Ethics Review Committee of Peking University.



Measures
 
Depressive symptoms (dependent variable)

The CESD-10 was used to assess the participants' risk of depressive symptoms and was added to the 2018 wave of the CLHLS questionnaire for the first time. This scale was compiled by Anderson and used after being translated into Chinese (24). The Chinese version of the scale was proven to be well validated for the assessment of depression in the general Chinese elderly population (25). The scale contains eight forward-scoring and two reverse-scoring questions that measure the frequencies of the participant's negative feelings in the past week. A previous report provided specific information for each question (24). Each question has four response options with different frequencies: rarely or none of the time, some or a little of the time, occasionally or a moderate amount of the time, and most or all the time. Forward-scored questions are scored as 0–3 points according to the frequency from low to high, and 3–0 points are scored in the reverse direction. The total range of CESD-10 scores was 0–30, with scores ≥ 10 indicating significant depressive symptoms. The Cronbach's α of CES-D-10 was 0.730, indicating a reasonable reliability level of internal consistency. The Pearson correlation analysis revealed that each variable was significantly correlated with the total score of the scale (P < 0.01), indicating that the scale has reasonable content validity.



Living arrangements (independent variable)

In this study, living arrangement refers to the recent long-term living status: living with family members (spouse, parents, children, etc.), living alone (without the company of family members for a long time, including babysitters and sexual partners), and living in eldercare institutions (elderly center, elderly home, care home, etc.).



Outdoor activities (moderating variable)

Outdoor activities here refer to individuals leaving their familiar house to participate in positive activities, such as physical activity, social activities, playing chess, fishing, and traveling, among others. The questionnaire in the 2018 wave of the CLHLS included an item about the frequency of regular participation in outdoor activities (including Tai Chi, square dancing, socializing with friends, and other outdoor activities). The older people in China prefer these outdoor activities. There are five different frequencies under the question: There are five different frequencies under the question: (1) almost daily. (2) at least once weekly. (3) at least once monthly. (4) less than once monthly, and (5) never participate (scoring 4, 3, 2, 1, and 0 points, respectively)Scores <0 indicate participation in outdoor activities and scores equal to 0 indicate no participation in outdoor activities.



Covariates

The participants' demographic or socioeconomic characteristics (such as gender, age, living location, years of schooling, marital status, income, and hukou status) and health status (number of chronic diseases) were some of the control variables included in this study's analyses. This study included these covariates because they were described as the confounders for depressive symptoms in the previous studies or preliminary univariate analyses.


Age

Age as a risk factor for depressive symptoms in the Chinese elderly was reported in a previous study (26). Age in this study was divided into two groups: 65–80 and over 80 years old.



Hukou status

Hukou is a unique existence in China; it refers to the national household registration that Chinese governments have historically used to try to fix the population in a place geographically. The primary study reported a significant difference in the prevalence of depressive symptoms among residents with different hukou (27). In our study, Hukou was divided into agricultural and non-agricultural.



Marital status

Marital status was categorized as married and living with a spouse, married and living without a spouse, widowed, never married, or divorced. A national-level survey in China found that separation, widow, or divorce are risk factors for depressive symptoms (28).



Years of schooling

Since this database does not collect data on specific educational levels, it only includes each participant's years of schooling. Therefore, the years of schooling were divided into 0 years (illiterate), 1 to 9 years (elementary school or middle school), and over 10 years (high school and above), according to the length of different learning stages. Previous studies found that individuals with higher levels of education have a lower risk of depressive symptoms (28, 29).



chronic-diseases]Chronic diseases

A total of 13 chronic diseases were included, namely hypertension, dyslipidaemia, diabetes, cancer, hepatitis, heart attack, stroke & cerebrovascular disease, asthma & lung disease, Parkinson's disease, dementia, digestive disease, arthritis, and nephritis. Previous studies have reported a higher risk of depressive symptoms in patients with a higher number of chronic diseases (9).



Household income

Annual household income was classified as <10,000, 10,000–50,000, 50,000–100,000, and more than 100,000 CNY (1 USD≈6.62 CNY in 2018). A previous study found a negative correlation between income and depressive symptoms in the elderly in China (26).



Disability

The KATZ scale was used to estimate whether participants had difficulty in six activities: eating, dressing, bathing, transferring in and out of bed, using the toilet, and controlling urination and defecation. Respondents were identified as having a disability if they had difficulty completing one of the activities. In all individuals with a disability, difficulty completing 1–2 activities, 3–4 activities, and 5–6 activities were considered mild, moderate, and severe disability, respectively. Our previous study found that individuals with higher levels of disability were at greater risk of depressive symptoms (29). The Cronbach's αvalue was 0.908, indicating a reasonable reliability level.





Data processing and analysis

The original data from the CLHLS database were exported in the SAV. format to Microsoft EXCEL 2016 for data screening and description. Before formally processing the data, an author (RXX) checked the legibility and completeness of the data. Any extraneous variables that must be controlled for and any potential problems in the data collection process were identified and avoided. Two other authors (YLL and TYM) independently performed data cleaning for outliers. Target data were transcoded and interpreted according to the CLHLS data coding guidelines (available at https://opendata.pku.edu.cn/dataverse/CHADS). All measurement data were recorded according to Supplementary Table 1 and imported into SPSS 25.0 (SPSS Inc., Chicago, IL, US) software for data analysis. Statistical analysis was performed using SPSS 25.0 (SPSS Inc., Chicago, IL, US). A chi-square test was applied to the association between independent, control, and moderator variables and depressive symptoms. A binary logistic regression adjusting for all confounding factors was conducted to compare the strength of the relationship between different living arrangements and depressive symptoms. Living arrangements and outdoor activities were sequentially included in the regression model to explore whether the association between living arrangements and depressive symptoms was affected after considering participation in outdoor activities. In addition, an interaction group for living arrangements and outdoor activities was introduced to determine whether outdoor activities moderated the independent and dependent variables. P-values <0.05 were considered statistically significant in this study.



Results



Sample characteristics

Table 1 presents the descriptive data for the sample and evaluates the odds risk (OR) value of depressive symptoms in control and independent variable groups. A total of 12,200 participants were included in this study, 46.5% of whom were male and 53.5% female, with a mean age of 83.39 ± 11.02 years. Most of the participants lived in rural areas (76.5%), had an agricultural hukou (70.8%), had <9 years of education (89.5%), and had lost their spouses (52.2%). Regarding the individual health status, 18.5% of respondents reported disabilities and 63.1% had one or more chronic diseases. Furthermore, 79.9, 16.8, and 3.3% of the respondents lived with household members, alone, and in eldercare institutions, respectively. Moreover, 30.4% of the older people did not engage in any outdoor activities, whereas 39.5% of the older people who participated in outdoor activities maintained the habit almost once daily.


TABLE 1 General characteristics of the participants by the occurrence of depressive symptoms and their unadjusted odds risk.
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Associations between living arrangements and depressive symptoms

Table 1 shows the results of the univariate analyses performed to determine the distributions of depressive symptoms by relevant covariates and independent variables. Participants with the following characteristics were significantly associated with a higher risk of depressive symptoms (P < 0.05): female (OR = 1.33, 95%CI = 1.23–1.45), over 80 years old (OR = 1.47, 95%CI = 1.35–1.6), living in rural areas (OR = 1.41, 95%CI = 1.27–1.56), with agricultural hukou (OR = 1.39, 95%CI = 1.27–1.53), widowed (OR = 1.62, 95%CI = 1.49–1.76), and never married (OR = 3.21, 95%CI = 2.17–4.76). In addition, participants with fewer years of schooling, a higher number of chronic diseases, lower annual household income, higher levels of disability, and lower frequency of outdoor activities had higher risks of depressive symptoms (P < 0.05). Table 1 also presents more details.

Table 2 presents the binary logistic regression analysis results testing the relationship between living arrangements and depressive symptoms. After controlling for confounders (Model 1), participants living alone had a 1.26-times higher risk of depressive symptoms than those living with household members (adjusted odds ratio [AOR] = 1.26, 95%CI = 1.10–1.44, P = 0.001), while for those living in eldercare institutions, this risk was 1.39-times higher (AOR = 1.39, 95%CI = 1.09–1.77, P = 0.008). In Model 2, the results demonstrated that outdoor activities could significantly reduce the risk of depressive symptoms in respondents (AOR = 0.90, 95%CI = 0.87–0.92, P < 0.001). Moreover, the introduction of the outdoor activities variable in the model revealed that the risk of depressive symptoms increased to 1.31 times (95%CI = 1.14–1.50, P < 0.001) and 1.41 times (95%CI = 1.11–1.80, P = 0.006) for respondents living alone and those living in eldercare institutions, respectively.


TABLE 2 Binary logistic regression for the association between living arrangements and depressive symptoms.

[image: Table 2]



Moderating effect of outdoor activities

The results in Table 3 demonstrated the risk of depressive symptoms for the interaction groups of different living arrangements and outdoor activities. The binary regression model demonstrated a strong interaction effect between living arrangements and outdoor activities with regard to depressive symptoms. Overall, participants who never engaged in outdoor activities and lived in eldercare institutions were 2.04 times more likely to experience depressive symptoms (95%CI = 1.44–2.9, P < 0.001) than participants who had a habit of participating in outdoor activities and lived with household members, and those who never participated in outdoor activities and lived alone were 1.69 times more likely to experience depressive symptoms (95%CI = 1.35–2.13, P < 0.001). Figure 1 depicts the AOR values of depressive symptoms for different interaction groups after controlling for all covariates.


TABLE 3 Measuring the moderating effect of outdoor activities on living arrangements and depressive symptoms.
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FIGURE 1
 Interaction effects of outdoor activities and living arrangements in depression. (Logistic regression analysis controlling for age, Hukou status, gender, living location, marital status, household income, years of schooling, number of chronic diseases, and disability; * P < 0.05; **P < 0.001; ref., reference; AOR, adjusted odds rate).




Discussion

This study used a national-level survey database to determine the relationship between living arrangements and depressive symptoms among 12,200 Chinese people aged over 65 years. It explored the moderating effect of outdoor activities on both these variables. The main findings of this study indicated that participants living alone and those living in eldercare institutions had a significantly higher risk of depressive symptoms than those living with household members, and outdoor activities were effective in eliminating the risk of depressive symptoms caused by different living arrangements. These findings provide compelling evidence for future government decision-making on promoting active and healthy aging.

This study was not the first to explore the relationship between living arrangements and depressive symptoms. Some empirical studies conducted in South Korea, Singapore, and Japan have discovered that living alone is an independent risk factor contributing to depressive symptoms (30–32), which was consistent with this study's findings. Some in-depth studies based on other perspectives compared the risk of depressive symptoms in elder adults living with different household members and revealed that living with children was negatively associated with elders' depressive symptoms (33, 34). All evidence suggested that living with household members was a protective factor against depressive symptoms. In addition, this study's results suggested a 34.2% prevalence of depressive symptoms among the elderly living in Chinese eldercare institutions. The mental health issues of this population have gradually aroused the interest of researchers in other countries and regions. Previous studies from Taiwan, Brazil, and the United States also reported a high prevalence of depression in this population (36–54.8%) (35–37). However, no empirical study had reported the risk of depressive symptoms among older adults choosing to enroll in eldercare institutions than other living arrangements, based on this study's rigorous literature search.

China currently faces a huge demand for elderly care services, which will gradually grow with the increasingly severe issue of population aging and the shortage of family caregivers (from 1982 to 2016, China had the peculiar 4-2-1 family structure where a couple could only have one child) (38). However, this study's results revealed that eldercare institutions are not a good alternative for the mental health of the elderly. In fact, the risk of depressive symptoms among the elderly living in eldercare institutions was 1.41 times higher than that among those living with household members. Differences in the depressive risk for different living arrangements could be explained or speculated for the following reasons. First, the traditional family-centered culture in China makes the elderly reluctant to leave their familiar house (even if they live alone) (39). A study conducted in the Zhejiang Province (China) discovered that only 3.8% of elderly adults were willing to enroll in an eldercare facility. This change in the living environment and their rejection psychology (maybe a stigma (13)) might be potential risk factors for depressive symptoms. Second, the noise pollution, crowding, and cramped indoor activity spaces of some eldercare institutions in China might contribute to the depressive symptoms of older adults. Some Chinese eldercare institutions face severe noise pollution and the lack of adequate indoor activity space because of irrational site selection and renovations from other-use buildings (40, 41). Moreover, several community eldercare institutions arrange for multiple people to live in one room. This lack of personal privacy and noisy space reduces the elderly people's quality of sleep. In previous investigations, these negative factors were found to be significantly associated with depressive symptoms (42, 43). Third, many elderly Chinese people regard living in an eldercare institution as “the last journey in their lives.” As the older adults around them die one after another, they feel like there is a countdown to their lives, making them pessimistic (44). Fourth, some eldercare institutions in China lack functional mental health services, and the caregivers working in these institutions hardly pay attention to the clients' mental health in their daily work. This deficiency is directly related to the shortage, old age, and low education level of the caregivers (45).

A key finding of this study suggested that outdoor activities, as a moderator between different living arrangements and depressive symptoms, reduced and eliminated the risk of depressive symptoms associated with older Chinese adults living alone and in eldercare institutions, respectively. Previous empirical studies have proven that outdoor activities were an effective measure for preventing depressive symptoms (46, 47). This study did not thoroughly explore the mechanisms of the moderating effect of outdoor activities between living arrangements and depression. However, the mechanism by which outdoor activities ameliorates depression is relatively clear. It can be viewed as a blend of strategies that include environmental factors (bright light, fresh air, green space, and ample space for activity), individual factors (increased physical activity), and social factors (increased socialization) (16, 17). This study included the types of outdoor activities that are generally preferred by the elderly in China, such as Tai Chi and square dancing, among others. Tai Chi is a way of improving immunity in traditional Chinese medicine. A systematic review and meta-analysis pooling 37 relevant randomized controlled trials showed that Tai Chi interventions exerted beneficial effects for various populations with regard to depressive symptoms (48). Tai Chi is a series of meditative movements. An earlier study demonstrated that meditation can alleviate several stress-related emotional symptoms by activating the parasympathetic nervous system (49). Similarly, square dancing reduced depressive symptoms in older adults, which has also been reported in previous intervention studies (50). Square dancing may reduce depression risk through socialization and exercises. Although this study advocated that elderly people living alone or in eldercare institutions should actively participate in outdoor activities to prevent depressive symptoms, it should also be remembered that each elder adult needs to select suitable activities according to their health status (because some patients are advised not to participate in outdoor activities).

This study had several limitations. First, it did not consider how long participants had lived alone or in eldercare institutions. This provision might interfere with this study's results as the risk of depressive symptoms may differ among participants with different event durations. Second, it did not categorize the outdoor activities the participants engaged in, which would affect the interpretation of the results. Third, the older people in this study living in eldercare intuitions accounted for only 3.3% of the total sample (403 cases), which may have biased the results. However, this study used a comprehensive analysis to avoid these biases.



Practical implications

This study's results have practical implications for Chinese governments and organizers of future eldercare institutions in selecting the building sites and planning the internal organization and work content settings. First, the caregivers of the institutions should encourage and organize the elderly to participate in outdoor activities and cultivate their interests in some outdoor activities. Second, prioritizing the locations of eldercare institutions away from commercial areas and close to parks and squares can reduce the exposure of the elderly to noise pollution and facilitate their participation in outdoor activities. Third, eldercare institutions should pay more attention to the mental health of older adults and should not limit their services to physical care; they can do this, for example, by setting up psychological counseling rooms. Fourth, those who make the designs of the internal environments of the eldercare institutions should consider the characteristics of the elderly as much as possible; for example, they should plan for bright light, quietness, personal privacy protection, and sufficient indoor activity space.



Conclusion

This study suggests that the elderly living alone and those living in eldercare institutions are significantly more likely to have depressive symptoms than those living with household members. In addition, outdoor activities play a moderating role between different living arrangements and depressive symptoms. In future work, community or eldercare institution staff need to encourage older people, especially those living alone or in eldercare institutions, to actively participate in the outdoor activities suitable for them.
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