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Objectives: With the surging number of older people living alone, their

lifestyles and health status have aroused increasing concern. This study aims

to investigate whether a leisure and entertainment lifestyle (LEL) can improve

themultidimensional health among older people living alone and try to identify

the latent mechanisms among them.

Method: For this purpose, we extracted data from the Chinese General Social

Survey (CGSS) and established a simultaneous equations model, comprising

ordinary least square regression (OLS), two-stage least squares (2SLS), and the

mediating e�ect model.

Results: Older people living alone in China reported relatively better mental

health status (3.64 ± 1.07), followed by physical health (3.41 ± 1.26) and

social health (2.75 ± 1.18). In the OLS model, LEL significantly improved the

social health of older people living alone (β = 0.054, P < 0.01), followed

by physical health (β = 0.042, P < 0.01) and mental health (β = 0.027, P

< 0.01). After endogenous tests from 2SLS model and robustness tests, we

found that more active LEL was associated with higher levels of physical

health and mental health. However, LEL had no significant e�ect on the

improvement of the social health of the older people living alone. Using the

mediation analysis, exercise e�cacy partially mediated the relationship of LEL

with physical health and mental health, and the ratios were 19.75 and 24.85%,

respectively. Similarly, positive life attitudes partially mediated the relationship

between LEL and physical health, and LEL and mental health, with ratios of

10.65 and 26.83%, respectively.

Conclusion: Our findings suggested that LEL is significantly associated with

better physical and mental health for older people living alone in China, and
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the association is mediated by exercise e�cacy and positive attitudes toward

life. Promoting more leisure and recreational activities, upgrading exercise

e�cacy, and encouraging positive life attitudes are necessary health promotion

measures in active aging policies for the wellbeing of older people living alone.

KEYWORDS

leisure and entertainment life, older people living alone, multidimensional health,

simultaneous equations approach, China

Background

The world is witnessing a rapid demographic shift toward

population aging. Therefore, investigating and understanding

the health and well-being of older people is of priority, especially

in China. As home to one-fifth of the global population, China

is a typical example of a country with an aging trend, with

older people accounting for 14.2% of the total population in

2021 (1). With the implementation of the family planning policy

in China, the traditional nuclear family structure has changed,

and the family sizes have reduced, thus breaking the traditional

Chinese family model of three or even four generations living

together. Economic development and urbanization have pushed

young people to work away from home (2–4). Moreover, the

older people and children in modern society demand their own

“free space” influenced by the Western culture. Because of these

reasons, there is an increasing number of empty-nest older

people living alone in China (5–7). However, older people living

alone are different from empty-nest older people. The latter

generally refers to older couples living together and taking care

of and helping each other. In contrast, for older people living

alone, not only have their children left home but they have also

experienced widowhood or divorce or have always been single,

this makes them more vulnerable than empty-nest older people

(8). In China, where filial piety prevails, due to the absence or

limitation in the quantity of family interactions, the older people

living alone are at greater risk of long-term exclusion from social

relations and are more likely to experience limited access to

health services, which may pose a potential risk to their physical

and mental health (9–12).

It is well-established that age-related conditions and, in

particular, physical health, functional health, mental health,

and psychosocial vulnerability are burdens for older people

(13–16). This is related to multiple factors, including objective

and subjective indicators, respectively (17). Although objective

functional health is the main predictor of perceived health,

empirical results on the associations between functional health

and subjective health are often inconsistent, ranging from

low and non-significant associations to highly significant

associations (16, 18–22). Part of this heterogeneity may be based

on the assessment of the expanded function in functional health,

mainly leisure activities (23). The later stage of the life course

is broadly signified by an increase in free time, opportunities

to maximize the utility of one’s free time, and enjoyment of

leisure activities that are socially structured (24). The aging

activity theory postulates that older people who maintain active

social activities have a higher quality of life in later life and a

more successful aging process than those who do not (25, 26).

Active lifestyle arrangements among older people highlight the

potential of leisure activities in improving subjective health in

later life (4, 10, 27, 28).

Although previous studies have analyzed the impact of a

leisure and entertainment lifestyle (LEL) on health, they are

limited to the role of certain types of LEL or focus on only

a single dimension of health; moreover, rare studies focus on

older people living alone in China (29–31). Leisure activity

has been proven to moderate the relationship between living

alone and poor physical health, mental health, and social health

among Japanese, Korean, Singaporean, and American, older

adults living alone (32–34). Therefore, based on the previous

literature mentioned above, we proposed the hypothesis that

LEL significantly improves the multidimensional health of older

people living alone in China.

How does LEL affect the multidimensional health of older

people living alone? Some scholars pointed out that leisure and

entertainment life are ameans to improve the efficacy of physical

exercise, and effective exercise can improve health promotion

(35–37). Studies have shown that a rich life of leisure and social

interaction increases positive life attitudes such as happiness and

enthusiasm for life, relieves loneliness, and increases subjective

health perception (38–40). From the perspective of social capital,

active leisure and entertainment life would enhance personal

social trust and social adaptability (41, 42). This means that

leisure and entertainment life can positively affect the health of

older adults living alone through exercise efficacy, positive life

attitudes, and social trust. However, these hypotheses have not

been explored fully in the currently limited literature, especially

in China.

To sum up, this study explores the effects of LEL on

the health of older people living alone from the following

aspects. First, ordinary least square regression (OLS) was

adopted to analyze the influence of LEL on multidimensional

health. However, the limited studies on this topic identify

critical challenges in terms of the potential for residual
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confounding due to omitted variables, differential measurement

error, or a possible causal relationship between LEL and

multidimensional health. We should further address the

endogenous problem. Hence, under considering endogeneity,

we adopted a simultaneous equations model consisting of OLS

and two-stage least squares (2SLS), as well as an instrumental

variable introduced in the 2SLS model to correct the results.

This will help to more robustly estimate the effect of LEL on the

multidimensional health of older people living alone. Finally, we

adopted a mediating effect model to explore the mechanism of

this effect.

Methods

Study design

We obtained data from the Chinese General Social Survey

2017 (CGSS). The CGSS is a national, comprehensive, and

continuous academic survey project for Chinese residents

conducted by the China Survey and Data Center of Renmin

University of China. These data are representative of the

scientific research value recognized by academia at present.

The survey adopted a multi-stage stratified sampling method,

collecting 12,582 representative valid sample data from 125

counties in 31 province-level regions of mainland China (43).

The 2017 CGSS data include comprehensive information on

the population and social attributes, health, family, work, leisure

and entertainment life, and social attitudes of Chinese residents

of all age groups over 18 years of age. Following the purpose

of our research, we filtered the age variable as “over 60 years

old” and the residence status as “live alone.” Finally, 865 samples

were included in the analysis after deleting the missing values

and outliers of the sample.

Variables and measures

Multidimensional health

According to the World Health Organization, health is a

state of physical, mental, and social well-being (44). Health

is dynamic, multidimensional, and continuous. Some scholars

regard health as a state of personal experience and reflect health

status through subjective health evaluation indicators (45, 46).

The physical health spectrum can be categorized as ranging from

a minimum state defined by an inability to work or care for

personal needs, to an optimal state expressed by no complaints

and a high level of energy (47, 48). This means that the level

of physical health is related to the degree of physical function

and activity limitation brought about by diseases (49). Mental

health includes positive emotions and positive functioning,

and the measurement of negative or positive emotions can

reflect an individual’s mental health status (50, 51). Social

health is defined in terms of social participation in activities

and interpersonal interactions (52). The dimensions we choose

for the multidimensional health of older people living alone

included physical health, mental health, and social health.

According to previous research, multidimensional health was

measured by three questions in the CGSS 2017: “How often has

your work or daily activities been affected by health problems?”

“How often did you feel depressed or depressed?,” and “How

often did you participate in social activities in your free time?,”

respectively (3, 53, 54). A five-point Likert scale was used to

evaluate the levels of each dimension. The higher the score, the

better the health status.

Leisure and entertainment life (LEL)

LEL was measured by the question “The frequency of

engaging in the following activities in your free time.”

The answers included watching television, watching movies,

shopping, reading, watching performances, gathering with

relatives, gathering with friends, listening to music, physical

exercise, watching sports, doing crafts, and surfing the Internet.

The answers to each question ranged from 1 to 5. 1= never, 2= a

few times a year, 3= a few times amonth, 4= a few times a week,

and 5 = every day. The LEL index was calculated by adding up

the scores of all the responses. A higher score indicated a higher

level of leisure and entertainment. The Cronbach’s α of LEL was

0.812, and the KOM value was 0.701.

Mediating variables

Exercise efficacy, positive life attitudes, and social trust

as mediating variables were further examined as potential

mechanisms by which LEL affects multidimensional health in

the mediating effect model. A large body of evidence suggested

that a physically active lifestyle is associated with a reduced risk

of chronic disease, all-cause mortality, and cognitive health (55).

Public health recommendations in many countries emphasize

regular participation in moderate-intensity physical activity (at

least 5 days per week, 30min ormore per day) (56). Some studies

asked respondents to report activities that “make you sweat at

least” to measure exercise efficacy by combining light-intensity

physical activity and moderate-to-vigorous physical activity for

this domain across different ages and genders (57–59). This

measure of exercise efficacy is also applicable in Chinese health

life study, and it is expressed as “the frequency of physical

activity that lasts more than 30min and makes you sweat” in

CGSS 2017.

Happiness is commonly understood as how much one likes

one’s life or, more formally, the degree to which one positively

evaluates one’s life as a whole. A central element in the definition

is subjective “evaluation” or “liking” of life. The set-point theory

considers evaluation as a stable attitude toward life. Happiness

is also considered a happy disposition and positive attitude
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toward life (60, 61). This definition of happiness as an attitude

toward life stresses the consistency in affective response, while

others see it as a belief system, especially for older people

(40, 62). Therefore, we used the evaluation of happiness of older

people living alone as their positive attitude toward life, which is

evaluated by the “degree of happiness in life” in CGSS 2017.

Social trust refers to trust in people in general, and it is a

widely used social capital variable. Standard trust is measured

by the share of a population that answers that most people can

be trusted when asked the question “In general, do you think

most people can be trusted?” (63, 64). Although this question has

been criticized for being vague and difficult to answer without

specific knowledge of whom to trust, it is acceptable because

social trust is in essence trust without specific information (65).

Likewise, social trust is expressed by the “degree of trust in others

in society” in CGSS 2017, which is easier for Chinese people to

understand (66).

The answers for three variables were divided into five grades

with 1–5 points. A higher score indicated a higher degree of

exercise efficacy, positive life attitude, and social trust of the

survey respondents.

Control variables

Some studies indicated that sociodemographic

characteristics and socioeconomic status would influence

the health of older people (13, 28, 42, 67). With reference

to previous studies, the following variables were considered:

household registration, gender, age, education level, marital

status, work status, the number of children, socioeconomic

status (1 = well below average, 2 = below average, 3 = average,

4= above average, and 5 = well above average), and cognitive

ability (1 = very poor, 2 = relatively poor, 3 = ordinary, 4 =

better, and 5 = very good). Table 1 shows the details of the

settings and measurements of the above variables.

Analytical strategy

Descriptive statistics were used to present the means and

standard deviations of the main study variables in the model.

Variance inflation factor (VIF) was used as the multicollinearity

diagnosis index for variables, VIF<3.

The relationship between LEL and multidimensional health

was established based on a simultaneous equation. First, the OLS

model was used to estimate the correlation between the three

outcome healthy indicators and all explanatory variables of older

people living alone. The model’s equation can be set as follows:

Yi = β0 + β1Li + δXi + εi (1)

where Yi is the health level (physical health, mental health, and

social health), Li is the LEL, Xi is the control variable, and β1 is

the estimated parameter reflecting the effect of LEL on the health

status of older people living alone.

Second, we considered the empirical results caused by the

yield biased from the OLS model. Therefore, we also used

the average score of the LEL of the older people living alone

at the provincial level (LELm) as an instrumental variable to

solve the endogeneity problem. Furthermore, the 2SLS model,

presented in equations (2) and (3), was adopted to estimate

the result. Similar strategies were adopted in other studies

(45, 68, 69).

The first stage : Li = α0 + α1Lmi + δXi + vi (2)

The second stage :Yi = λ0 + λ1L
∧
i + δXi + εi (3)

Equation (2) is the estimation equation of the first

stage, where Lmi represents the selected instrumental variable

LELm, α1 is the estimated parameter, and vi is the linear

random error. Equation (3) is the estimation equation of

the second stage, where L∧i is the predicted value of Li

in equation (2), and λ1 is the estimated parameter that

represented the predictive effect of the first-stage regression

result. The other variables have the same meanings as in

equation (1).

Finally, we set up the mediating effect model to explore the

mechanism of LEL affecting multidimensional health (54, 70).

The equation used is as follows:

Yi = αLi + δXi + εi (4)

Mi = θLi + δXi + µi (5)

Yi = α′Li + γMi + δXi + νi (6)

where α is the total effect of Li (LEL) on Yi (multidimensional

health), θ is the effect of LEL on mediating variable Mi

(exercise efficacy, positive life attitude, and social trust), α
′

is

the direct effect of Li on health after controlling for mediating

variable Mi, and γ is the effect of mediating variable Mi on

Yi. The ratio of indirect effect to total effect is calculated

as θγ/α.

Model estimates may be inconsistent due to sample bias

or causal relationships between variables; therefore, we used

the substitution variable and model for the robustness test.

We used the total score of the respondents’ answers to the

frequency of using media tools and entertainment with relatives

and friends in the CGSS 2017 as a substitution variable (LELs)

for LEL, and self-rated general health level as a substitution

variable for multidimensional health. Some studies showed

that the estimated effects of using OLS and the ordered

probit model are virtually identical; therefore, we also adopted

the ordered probit model to test the robustness of the OLS

estimation results (68, 71, 72). Detailed test results are provided

in Supplementary Table S1. All data were analyzed using Stata

version 17.0.
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TABLE 1 OLS estimation of the correlation of LEL and multidimensional health (N = 865).

Variables Model 1 physical health Model 2 mental health Model 3 social health

β 95% CI β 95% CI β 95% CI

LEL 0.042*** 0.028 0.055 0.027*** 0.012 0.042 0.054*** 0.038 0.070

(0.007) (0.007) (0.008)

Sex (ref: female) 0.215*** 0.061 0.369 0.133* −0.011 0.277 −0.174** −0.331 −0.017

(0.079) (0.073) (0.080)

Age 0.002 −0.009 0.012 0.012** 0.002 0.022 0.006 −0.005 0.018

(0.005) (0.005) (0.006)

Household registration (ref: Urban) −0.322*** −0.535 −0.109 −0.131 −0.347 0.085 0.590*** 0.383 0.798

(0.108) (0.110) (0.106)

Marital status (ref: married) 0.017 −0.163 0.196 0.025 −0.151 0.202 0.056 −0.141 0.253

(0.091) (0.090) (0.100)

Education −0.035 −0.123 0.052 −0.019 −0.105 0.067 −0.150*** −0.240 −0.059

(0.044) (0.044) (0.046)

Working status (ref: no) 0.314*** 0.129 0.498 0.031 −0.141 0.202 −0.111 −0.305 0.084

(0.094) (0.087) (0.099)

Number of children −0.015 −0.053 0.023 −0.021 −0.061 0.018 −0.032 −0.070 0.006

(0.019) (0.020) (0.019)

Socioeconomic status 0.127*** 0.031 0.223 0.160*** 0.080 0.240 0.162*** 0.072 0.253

(0.049) (0.041) (0.046)

Hospital experience (ref: not hospitalized) −0.837*** −0.999 −0.675 −0.285*** −0.438 −0.132 −0.113 −0.276 0.050

(0.083) (0.078) (0.083)

Cognitive ability 0.061 −0.021 0.142 0.073** 0.001 0.144 0.041 −0.038 0.121

(0.042) (0.037) (0.040)

Intercept 2.228*** 1.273 3.184 1.720*** 0.760 2.68 0.754 −0.242 1.749

(0.487) (0.489) (0.507)

N 865 865 865

F 32.15*** 11.94*** 9.18***

R2 0.257 0.127 0.104

Robust standard errors in parentheses. *P < 0.1, **P < 0.05, and ***P < 0.01.

Result

Descriptive statistics

Figure 1 shows the levels of multidimensional health and

the LEL index. In terms of physical health, 28.21% of the older

people living alone thought they were relatively healthy, and

23.58% were very healthy. Regarding mental health, 33.18% of

the older people living alone reported being relatively healthy,

and 24.39% reported they were very healthy. Regarding social

health, 22.08% of the older people living alone reported they

were relatively healthy, and only 7.63% were very healthy. The

study calculated the average level of health in each dimension:

Physical health score was 3.41 ± 1.26, mental health score was

3.64 ± 1.07, and social health score was 2.75 ± 1.18. Overall,

older people living alone in China rated mental health the

highest, followed by physical health and social health. Moreover,

the LEL index of older people living alone was 23.46± 6.53.

Detailed information on other explanatory indicators is

shown in Figure 2. Among the 865 respondents, the average

age was 72.01, and 54.91% of respondents were women. The

proportion of agricultural household registrations was 52.95%.

Furthermore, 79% of the overall sample were non-marital status

(unmarried, divorced, or widowed). Finally, they had 2.48

children on average.

Results of the OLS model

Table 1 and Figure 2 show the OLS estimation correlations

between the explanatory variables and the multidimensional

health of the older people living alone. LEL significantly

improved the social health of older people living alone (β =

0.054, P < 0.01), followed by physical health (β = 0.042, P <

0.01) and mental health (β = 0.027, P < 0.01).
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FIGURE 1

(A) Multi-dimensional health level and (B) leisure and entertainment life (LEL) level of older people living alone in China. *General health level as

substitution variable for multi-dimensional health is examined for robustness check of the model robustness test. **The frequency of using

media tools and entertainment with relatives and friends as substitution variable for leisure and entertainment life is examined for robustness

check of the model robustness test.

Among sociodemographic characteristics, older men living

alone had a higher level of physical health than women (β

= 0.215, P < 0.01), but the opposite effect was observed in

predicting social health (β = −0.174, P < 0.05). Older people

living alone with agricultural household registration had a

lower level of physical health than those with urban household

registration (β = −0.322, P < 0.01), but the opposite effect

was observed in predicting social health (β = 0.590, P <

0.01). Interestingly, the level of mental health has improved

significantly with age, and there was no significant effect

on physical health and social health. However, there was a

significant negative correlation between education level and
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FIGURE 2

Variable distribution di�erences in multi-dimensional health and leisure and entertainment life (LEL) of older people living alone in China. (A)

Variable distribution di�erences in physical health—mental health—LEL. (B) Variable distribution di�erences in physical health—social

health—LEL. (C) Variable distribution di�erences in mental health—social health—LEL.

social health, which means that the level of social health declined

as education level increased.

In addition, according to the current state of older people

living alone, those who still worked had better physical health

(β = 0.314, P < 0.01). Old people who were not hospitalized

had better physical and mental health than those who were

hospitalized within the past 1 year (βphysicalhealth = −0.837,

βmentalhealth = −0.285, P < 0.01). The cognitive ability of older

people was significantly positively correlated with their mental

health (β =0.073, P < 0.05). Moreover, socioeconomic status

was positively correlated with the three dimensions of health

((βphysicalhealth = 0.127, βmentalhealth = 0.160, βsocialhealth =

0.162, P < 0.01).

Results of the 2SLS model

The OLS model confirmed significant correlations between

LEL and the three dimensions of health in older people living

alone, but any observed causal relationship must be interpreted

with caution. We used the LEL’s average scores of the older

people at the provincial level as instrumental variables and

conducted 2SLS estimation for endogeneity. To further confirm

the validity of the instrumental variable, a weak instrumental

variable test was needed before the estimation of the 2SLSmodel.

According to Angrist and Pischke, when the F-value of the

minimum eigenvalue statistic is> 10, the instrumental variables

are not weak (73). After the weak instrumental variable test, the

minimum eigenvalue statistic was 80.30, which was far > 10,

and the partial R-squared was 0.086, suggesting there was no

problem of weak instruments. The relevance assumption was

thus satisfied, and we can use the LELm as an instrumental

variable, as it was not part of the error term of the second-

stage regression.

According to Table 2, the empirical results of the 2SLS

confirmed that the active LEL of the older people living alone

had a positive impact on their health, which was similar to the

OLS model. Except for social health, the regression coefficients
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TABLE 2 2SLS estimation of the e�ect of LEL on multidimensional health.

Variables 1st stage LEL 2nd stage Physical health 2nd stage Mental health 2nd stage Social health

β 95% CI β 95% CI β 95% CI β 95% CI

LELm 0.543*** 0.410 0.675

(0.0606)

LEL 0.098*** 0.048 0.149 0.051** 0.004 0.097 0.001 −0.051 0.053

(0.026) (0.024) (0.027)

Other variables Controlled Controlled Controlled Controlled

Intercept 13.94*** 8.935 18.944 0.740 −0.877 2.357 1.099 −0.409 2.607 2.131** 0.445 3.816

(2.441) (0.825) (0.769) (0.860)

N 865 865 865 865

R2 0.451 0.204 0.114 0.053

Durbin chi2 5.749** 1.172 4.633**

F /Wu–Hausman F 68.20*** 5.700** 1.156 4.588**

Robust standard errors in parentheses. *P < 0.1, **P < 0.05, and ***P < 0.01.

of LEL had a significant impact on physical health (β = 0.098,

P < 0.05) and mental health (β = 0.051, P < 0.05). The high

regression coefficient of LEL indicated that, without introducing

the instrumental variable, OLS underestimated the impact of the

LEL of older people living alone on their physical health and

mental health.

How LEL a�ects multidimensional health
of older people living alone

Table 3 shows the mediating effects of exercise efficacy,

positive life attitudes, and social trust. According to equation (5),

the results showed that LEL and exercise efficacy were positively

correlated, with a regression coefficient of 0.122 at the 0.01 level,

as shown in column (1) of Table 3. When LEL and exercise

efficacy were both included in equation (6), the direct impact of

LEL on physical health was 0.033 and significant at the 0.01 level,

as shown in column (2) of Table 3. Meanwhile, the regression

coefficient of exercise efficacy was 0.068 and significant at the

0.01 level. Combining the results of the total effect (coefficient

= 0.042, P < 0.01) of LEL on physical health in Table 1, exercise

efficacy was considered to play a partial mediating role between

LEL and physical health; the ratio of the intermediary effect

in the total effect was 19.75%. Similarly, exercise efficacy was

considered to play a partial mediating role between LEL and

mental health; the ratio of the intermediary effect to the total

effect was 24.85%. A positive life attitude was considered to

play a partial mediating role between LEL and physical health,

and LEL and mental health; the ratio of the intermediary effect

to the total effect was 10.65and 26.83%, respectively. However,

according to the mediation effect test procedure, after the

bootstrap test (5000 samples), the indirect effect of exercise

efficacy was not significant between LEL and social health, so

did the indirect effect of positive life attitudes was not significant

between LEL and social health. Likewise, the indirect effect of

social trust was not significant, as no mediating role of social

trust was found between LEL and multidimensional health.

Discussion

Based on the theory and results from the OLS model, active

LEL is significantly associated with better health for older people

living alone. Using the simultaneous OLS and 2SLS equation

models, we obtained unbiased estimators of the outcome. After

endogeneity and robustness tests, we found that more active LEL

was associated with 0.098% higher physical health and 0.051%

higher mental health; the OLS results may have underestimated

the LEL’s positive effect. Our positive results were similar to

those found in other studies that did not consider endogeneity

(74–76). The results robustly confirmed that LEL can promote

the physical health and mental health of older people living

alone. Furthermore, through mediation analysis, we confirmed

a partial mediating effect of exercise efficacy between LEL and

physical and mental health, and a similar mediating effect of

active life attitudes between LEL and physical and mental health.

According to the disengagement theory and activity

theory state, the majority of older people are not willing

to withdraw from the social systems to which they belong

(77, 78). Disengagement theory argues that as an inevitable

disengagement process, aging is associated with social isolation

and reduced social participation (79). Retirement, the departure

of children, and the beloved gone gradually shape the “passive

state” of older people living alone. With the separation from

the original work roles and family roles, there is a loss of role

function in older people, resulting in their physical and mental

imbalances (80). Older people living alone experience greater
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TABLE 3 Results of the mediation test.

Variables (1) Exercise efficacy (2) Physical health (3) Mental health (4) Social health

β 95% CI β 95% CI β 95% CI β 95% CI

LEL 0.122*** 0.99 0.145 0.033*** 0.19 0.48 0.020** 0.04 0.36 0.050*** 0.33 0.67

(0.012) (0.007) (0.008) (0.009)

Exercise efficacy 0.068*** 0.19 0.117 0.055** 0.08 0.102 0.035 −0.20 0.90

(0.025) (0.024) (0.028)

Other variables Controlled Controlled Controlled Controlled

Intercept 0.282 −10.44 1.608 2.209*** 1.262 3.157 1.705*** 0.749 2.66 0.744 −0.249 1.736

(0.676) (0.483) (0.487) (0.506)

N 865 865 865 865

R2 0.258 0.263 0.132 0.106

Variables (5) Positive life attitude (6) Physical health (7) Mental health (8) Social health

β 95% CI β 95% CI β 95% CI β 95% CI

LEL 0.021*** 0.11 0.32 0.037*** 0.23 0.51 0.020*** 0.05 0.34 0.054*** 0.38 0.70

(0.005) (0.007) (0.007) (0.008)

Positive life attitude 0.213*** 0.122 0.304 0.345*** 0.259 0.431 −0.005 −0.099 0.089

(0.046) (0.044) (0.048)

Other variables Controlled Controlled Controlled Controlled

Intercept 1.750*** 10.16 2.483 1.856*** 0.901 2.81 1.116** 0.170 20.62 0.762 −0.247 1.772

(0.374) (0.486) (0.482) (0.514)

N 865 865 865 865

R2 0.161 0.277 0.198 0.104

Variables (9) Social trust (10) Physical health (11) Mental health (12) Social health

β 95% CI β 95% CI β 95% CI β 95% CI

LEL −0.005 −0.019 0.09 0.042*** 0.28 0.55 0.027*** 0.13 0.42 0.054*** 0.39 0.70

(0.007) (0.007) (0.008) (0.008)

Social trust 0.063* −0.009 0.136 0.112*** 0.046 0.179 0.081** 0.008 0.154

(0.037) (0.034) (0.037)

Other variables Controlled Controlled Controlled Controlled

Intercept 2.454*** 1.480 3.429 20.73*** 1.107 30.38 1.444*** 0.473 2.416 0.554 −0.439 1.548

(0.497) (0.492) (0.495) (0.506)

N 865 865 865 865

R2 0.029 0.260 0.139 0.109

Robust standard errors in parentheses. *P < 0.1, **P < 0.05, and ***P < 0.01.

social isolation if they withdraw from social structure. Successful

aging is a dynamic process of transition from passive aging to

active aging. Therefore, as a representative view of successful

aging, activity theory claims that social activities with alternative

compensation functions are necessary to achieve successful

aging (79, 81). Activity theory argues against sedentary lifestyles,

arguing that maintaining active physical and social activity in

older adults is critical to their health and well-being (82). Older

people living alone retain psychological and social needs similar

to younger adults, and their way to resist social withdrawal

is to stay socially active in leisure and entertainment to

enhance self-adaptation and social integration. Older people

living alone gain more advantages by engaging in leisure time

because they may not have family obligations such as caring

for a spouse or grandchildren compared with older people

living together. Environmental infrastructure support in public

settings, such as seniors’ outdoor exercise venues (playgrounds

and exercise parks) and chess rooms in the community, provides
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opportunities for physical activity and social connectedness for

older people. Except for traditional media, the Internet and

smart media provide broader information environment support

to promote the activeness of older people living alone. In recent

years, there has been a boom in short videos and live broadcasts,

such as on square dancing, singing, and physical exercise, on the

Internet in China, which may promote positive life attitudes and

motivation to exercise effectively among seniors living alone.

Leisure styles, such as sports participation and watching of

performances and games, may promote positive emotional states

and enhance social interaction of them.

There are several possible explanations for the lack of a

relationship between leisure and entertainment and the social

health of older people living alone. One explanation is that

the number and structure of recreational activities among

older people living alone, such as home activities and outdoor

activities, may offset one another’s effects on social health (75,

83, 84). In the context of rapid urbanization and modernization

in China, as people gradually move to different regions, the

relatives and neighbors of the older people living alone will

become estranged due to geographic locations, and members of

the new community are also relatively unfamiliar. At present,

the older generation in China can communicate with the outside

world through mobile phones and the Internet, which may

reduce the intimate association between leisure, entertainment,

and social health. Therefore, the LEL of older people living alone

may increase the possibility of social interaction, but there are

still challenges in prompting them to actively improve their

social health premised on social trust or social reciprocity in a

short period (85).

This study measured the multidimensional health

differences among older people living alone at the

sociodemographic level. Older women were shown to

have poorer physical health; this is likely because of women’s

vulnerability due to a higher risk of chronic illnesses stemming

from longer life expectancy and less access to appropriate

healthcare (2, 86–88). Nevertheless, older Chinese women may

have active social participation because they are more likely to

chat, share, shop, and participate in square dancing (88–91).

Another interesting finding is that older people living alone

had better mental health as their age increased. One possible

explanation is that older individuals living alone may have lower

expectations from life as they age (92).

Compared with urban older people, older people living

alone in rural areas reported lower physical health but higher

social health. A similar result about lower physical health

was reported in previous studies (93, 94). Limited economic

resources, backward infrastructure, and limited access to health

information all hinder health-promoting activities among older

people living in rural areas (29). However, neighbors in rural

China are closer, especially the older generation, as they are

affected by the clan system and blood ties. Thus, they have more

opportunities and willingness to participate in human relations

activities in villages (95, 96). A further interesting finding is

that education was significantly negatively associated with social

health, which is the opposite of other studies showing that older

people with higher education are significantly more likely to

participate in social activities (97, 98). This may be because older

people with high education living alone are more dependent on

new media for information than on social participation (99).

These findings have important implications inmaking active

aging policies to ensure the well-being of older people living

alone. First, installing and supporting age-friendly and suitable

outdoor exercise equipment are necessary health promotion

measures in the location and settings where seniors live alone,

especially for vulnerable seniors living alone in Chinese rural

communities, with multiple diseases and low incomes. The two-

way linkage between online sharing on the Internet and offline

leisure activities is a way of health promotion that keeps pace

with the times against the background of the popularization of

network media. Propagating health information through new

media, such as the Internet, WeChat, Douyin, and other mobile

apps, can help expand the life cycle of older people living alone.

Conclusion

Health problems of older people living alone in China

have aroused widespread concern in the society. We

explored the relationship and mechanism between LEL

and multidimensional health of older people living alone

in China for the first time using simultaneous equations.

We obtained unbiased estimators of the significant positive

outcome between LEL and the multidimensional health of

older people living alone by using the model of OLS and 2SLS

models. We robustly confirmed that active LEL can improve

the multidimensional health of older people living alone.

Furthermore, a mediation analysis indicated partial mediating

effects of exercise efficacy between LEL-physical health and

LEL-mental health, among others, on the effects of active life

attitudes between LEL-physical health and LEL-mental health.

These findings have important implications in making active

aging policies for the well-being of older people living alone.

Limitation

Our results must be considered with caution, due to some

study limitations that must be acknowledged. First, although our

study samplemay be fairly representative of the older population

living alone in China and our research comprises a cross-

sectional, relevant survey, we cannot rule out the possibility

of reverse causation. Hence, future prospective studies are

necessary (100). Furthermore, even though referring to the

previous research experience, there is still a little limitation

when adopting the question in CGSS2017 to measure physical

health that the participant might consider mental issues as a
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health problem impacting on work or daily activities and answer

accordingly. In addition, health outcomes of older adults living

alone are not only affected by their short-term leisure lifestyle in

later life, but also by a combination of factors such as the long-

term living environment, social welfare, early life experiences,

and household spending (101–106). Due to the selection of

sample in this study, we did not conduct an in-depth analysis

of these factors, and the living arrangements of older people

living alone during different survey follow-up periods need to

be explored in future research (10). Finally, although this study

used the latest 2017 CGSS data, considering the past 2 years,

COVID-19 might have an impact on the leisure lifestyles of

the older population. Thus, it is necessary to follow up with

the latest data and fully consider the relationship between the

lifestyle and health status of older people living alone during the

pandemic (28).

Data availability statement

The datasets used and analyzed during the current

study are available from the corresponding author on

reasonable request.

Author contributions

QHW was responsible for the overall design of the research

and revised the paper. YHQ conducted, analyzed the results,

and drafted the manuscript. SCJ, PFG, and JCL substantially

contributed to data acquisition. RZW and XYQ assisted with the

literature review. JJL contributed to the interpretation of results

and in writing the manuscript. All authors contributed to this

manuscript. All authors approved of the current version of this

manuscript for publication.

Funding

This study was supported by the National Key Social Science

Fund of China (Grant No.19AZD013).

Acknowledgments

The authors would like to acknowledge the Chinese General

Social Survey (CGSS) team for providing data.

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.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.967170/full#supplementary-material

References

1. National Bureau of Statistics. Statistical Communiqué of the People’s
Republic of China on National Economic and Social Development in 2021.
Available online: http://www.stats.gov.cn/xxgk/sjfb/zxfb2020/202202/t20220228_
1827971.html (accessed on 25 March 2022).

2. Burnette D, Ye X, Cheng Z, Ruan H. Living alone, social cohesion, and quality
of life among older adults in rural and urban China: a conditional process analysis.
Int Psychogeriatr. (2021) 33:469–79. doi: 10.1017/S1041610220001210

3. Xu Q, Norstrand J, Du Y. Effects of living alone on social capital
and health among older adults in China. Int J Aging Human Dev. (2016)
82:4419. doi: 10.1177/0091415015624419

4. Cheng X, Li X, Liu H, Cosco T, Duan W. Widowhood and the subjective well-
being of older people in China: the mediating effects of lifestyle. Appl Res Qual Life.
(2019) 16:1–16. doi: 10.1007/s11482-019-09789-y

5. Wu Y, Zhang Q, Huang Y, Qiu S. Seeking medical services among
rural empty-nest elderly in China: a qualitative study. BMC Geriatr. (2022)
22:1. doi: 10.1186/s12877-022-02911-0

6. Zhang C, Zhao H, Zhu R, Lu J, Hou L, Yang XY, et al. Improvement
of social support in empty-nest elderly: results from an intervention study
based on the Self-Mutual-Group model. J Public Health. (2018) 41:830–
9. doi: 10.1093/pubmed/fdy185

7. Lu J, Zhang Y. Patterns of living arrangements of the elderly in mainland
China: changes, consequences and policy implications. Asian Educ Develop
Stud. (2017) 6:179–91. doi: 10.1108/AEDS-12-2015-0073

8. Huang R, Yang C. A Research on the composition and living status
of the elderly living alone in China[J]. Population Soc. (2021) 5:26–37.
doi: 10.14132/j.2095-7963.2021.05.003

9. Sereny MD, Gu D. Living arrangement concordance and its association with
self-rated health among institutionalized and community-residing older adults in
China. J Cross Cult Gerontol. (2011) 26:239–59. doi: 10.1007/s10823-011-9145-y

10. Gu D, Feng Q, Yeung WJ. Reciprocal dynamics of solo-living and health
among older adults in contemporary China. J Gerontol B Psychol Sci Soc Sci. (2019)
74:1441–52. doi: 10.1093/geronb/gby140

Frontiers in PublicHealth 11 frontiersin.org

https://doi.org/10.3389/fpubh.2022.967170
https://www.frontiersin.org/articles/10.3389/fpubh.2022.967170/full#supplementary-material
http://www.stats.gov.cn/xxgk/sjfb/zxfb2020/202202/t20220228_1827971.html
http://www.stats.gov.cn/xxgk/sjfb/zxfb2020/202202/t20220228_1827971.html
https://doi.org/10.1017/S1041610220001210
https://doi.org/10.1177/0091415015624419
https://doi.org/10.1007/s11482-019-09789-y
https://doi.org/10.1186/s12877-022-02911-0
https://doi.org/10.1093/pubmed/fdy185
https://doi.org/10.1108/AEDS-12-2015-0073
https://doi.org/10.14132/j.2095-7963.2021.05.003
https://doi.org/10.1007/s10823-011-9145-y
https://doi.org/10.1093/geronb/gby140
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Qin et al. 10.3389/fpubh.2022.967170

11. Phillipson C. Older people in urban neighbourhoods: addressing the risk
of social exclusion in later life. In: Social Networks and Social Exclusion. London:
Routledge. (2017). p. 176–93.

12. Allan G, Phillipson C. Social Networks and Social Exclusion: Sociological and
Policy Perspectives. London: Routledge. (2017).

13. Gao M, Li Y, Zhang S, Gu L, Zhang J, Li Z, Zhang W, Tian D. Does an empty
nest affect elders’ health? empirical evidence from China. Int J Environ Res Public
Health. (2017):14:50463. doi: 10.3390/ijerph14050463

14. Kong S, So W-Y. Gender differences in body composition, physical activity
level, physical fitness, and bone mineral density among elderly individuals living
alone compared to those living with their spouses. J Men’s Health. (2017) 13:e60–7.
doi: 10.22374/1875-6859.13.2.8

15. Zhou Z, Mao F, Ma J, Hao S, Qian ZM, Elder K, et al. A longitudinal analysis
of the association between living arrangements and health among older adults in
China. Res Aging. (2018) 40:72–97. doi: 10.1177/0164027516680854

16. Mazzuco S, Meggiolaro S, Ongaro F, Toffolutti V. Living arrangement and
cognitive decline among older people in Europe. Aging Soc. (2017) 37:1111–
33. doi: 10.1017/S0144686X16000374

17. Idler EL, Hudson SV, Leventhal H. The meanings of self-ratings of
health: a qualitative and quantitative approach. Res Aging. (1999) 21:458–
76. doi: 10.1177/0164027599213006

18. Henning-Smith C. Where do community-dwelling older adults with
disabilities live? Distribution of disability in the United States of America
by household composition and housing type. Aging Soc. (2017) 37:1227–
48. doi: 10.1017/S0144686X16000210

19.Wattmo C, Londos E, Minthon L. Solitary living in Alzheimer’s disease over 3
years: Association between cognitive and functional impairment and community-
based services. Clin Interv Aging. (2014) 9:1951. doi: 10.2147/CIA.S71709

20. Chen W, Fang Y, Mao F, Hao S, Chen J, Yuan M, et al. Assessment of
disability among the elderly in Xiamen of China: a representative sample survey of
14,292 older adults. PLoS ONE. (2015) 10:e0131014. doi: 10.1371/journal.pone.013
1014

21. Lee Y-H, Lin C-H, Chang J-R, Liu C-T, Shelley M, Chang Y-C. Transition of
living arrangement and cognitive impairment status among chinese older adults:
are they associated?Medicina. (2021) 57:961. doi: 10.3390/medicina57090961

22. Lawrence RH. The structure of physical health status:
comparing proxies and self-respondents. J Aging Health. (1995)
7:74–98. doi: 10.1177/089826439500700104

23. Baltes MM,Maas I, Wilms H-U, Borchelt M, Little TD. Everyday competence
in old and very old age: theoretical considerations and empirical findings.
Berlin Aging St Aging From. (1999) 70:384–402. doi: 10.1017/CBO9780511586
545.015

24. Moen P. Encore Adulthood: Boomers on the Edge of Risk, Renewal, and
Purpose. New York: Oxford University Press (2016).

25. Steinkamp MW, Kelly JR. Social integration, leisure activity, and life
satisfaction in older adults: activity theory revisited. Int J Aging Human Dev. (1987)
25:293–307. doi: 10.2190/V813-QA3G-6AQC-MWYM

26. Adams KB, Leibbrandt S, Moon H. A critical review of the literature on
social and leisure activity and wellbeing in later life. Aging Soc. (2011) 31:683–
712. doi: 10.1017/S0144686X10001091

27. Zhang W, Feng Q, Lacanienta J, Zhen Z. Leisure participation and subjective
well-being: exploring gender differences among elderly in Shanghai, China. Arch
Gerontol Geriatr. (2017) 69:45–54. doi: 10.1016/j.archger.2016.11.010

28. Fu L, Xie Y. The effects of social media use on the health of older adults: an
empirical analysis based on 2017 Chinese General Social Survey. In: Healthcare:
2021. Multidisciplinary Digital Publishing Institute. (2021). p. 1143.

29. Su B, Shen X, Wei Z. Leisure life in later years: differences between
rural and urban elderly residents in China. J Leisure Res. (2006) 38:381–
97. doi: 10.1080/00222216.2006.11950084

30. Zhang W, Chen M. Psychological distress of older Chinese: exploring the
roles of activities, social support, and subjective social status. J Cross Cult Gerontol.
(2014) 29:37–51. doi: 10.1007/s10823-013-9219-0

31. Wang J, Liang C, Li K. Impact of Internet use on elderly health:
empirical study based on Chinese general social survey (CGSS) data. In:
Healthcare: 2020. Multidisciplinary Digital Publishing Institute. (2020). p.
482. doi: 10.3390/healthcare8040482

32. Yoshida Y, Iwasa H, Ishioka Y, Suzukamo Y. Leisure activity moderates the
relationship between living alone and mental health among Japanese older adults.
Geriatr Gerontol Int. (2021) 21:421–5. doi: 10.1111/ggi.14151

33. Jang I-S. The leisure type, health status, self-esteem, and social support
of the elderly living alone. J Korean Pub Health Nurs. (2006) 20:130–40.
doi: 10.1111/JAKO200634515173902

34. Lim LL, Kua E-H. Living alone, loneliness, and psychological well-
being of older persons in Singapore. Current Gerontol Geriatr Res. (2011)
2011:3181. doi: 10.1155/2011/673181

35. Bichay AAF, Ramírez JM, Núñez VM, Lancho C, Poblador MS, Lancho JL.
Efficacy of treadmill exercises on arterial blood oxygenation, oxygen consumption
and walking distance in healthy elderly people: a controlled trial. BMC Geriatr.
(2016) 16:1–10. doi: 10.1186/s12877-016-0283-5

36. Kume Y, Tsugaruya M, Inomata S, Sato A, Fujita T, Nakamura
Y. Effective strategy of the multicomponent exercise program for older
individuals in a depopulated rural region. Int J Gerontol. (2019) 13:183–4.
doi: 10.6890/IJGE.201906_13(2).0018

37. Jorge S-P, David N-V, Alba G-C, Germán V-R, Antonio CJ. Health economic
evaluation of exercise interventions in people over 60 years old: a systematic
review. Experiment Gerontol. (2022) 161:111713. doi: 10.1016/j.exger.2022.
111713

38. Yeh H-P, Stone JA, Churchill SM, Brymer E, Davids K. Physical
and emotional benefits of different exercise environments designed
for treadmill running. Int J Environ Res Public Health. (2017)
14:752. doi: 10.3390/ijerph14070752

39. Chen T, Sun K-S. Exploring the strategy to improve senior citizens’
participations on recreational sports. Knowledge-Based Systems. (2012) 26:86–
92. doi: 10.1016/j.knosys.2011.07.008

40. Liang H, Yue Z, Liu E, Xiang N. How does social capital affect
individual health among the elderly in rural China?—mediating effect
analysis of physical exercise and positive attitude. PLoS ONE. (2020)
15:e0231318. doi: 10.1371/journal.pone.0231318

41. Koutsogeorgou E, Davies JK, Aranda K, Zissi A, Chatzikou M, Cerniauskaite
M, et al. Healthy and active aging: social capital in health promotion. Health Educ
J. (2014) 73:627–41. doi: 10.1177/0017896913509255

42. Yu C-Y, Hou S-I, Miller J. Health for older adults: the role of social capital and
leisure-time physical activity by living arrangements. J Phys Activity Health. (2018)
15:150–8. doi: 10.1123/jpah.2017-0006

43. Veenhoven R: Happiness as an aim in public policy: the greatest happiness
principle. (editors). Teoksessa P. Alex. Linley & Stephen Joseph (toim) In: Positive
Psychology in Practice. New York: Wiley. (2004).

44. Krahn GL, Robinson A, Murray AJ, Havercamp SM, Havercamp
S, Andridge R, et al. It’s time to reconsider how we define health:
perspective from disability and chronic condition. Disabil Health J. (2021)
14:101129. doi: 10.1016/j.dhjo.2021.101129

45. Zhu Y, Zhou Y, Long C, Yi C. The relationship between internet use and
health among older adults in China: the mediating role of social capital. In:
Healthcare: 2021. Multidisciplinary Digital Publishing Institute (2021). p. 559.

46. Zou H, Xiong Q, Xu H. Does subjective social status predict self-
rated health in Chinese adults and why? Soc Indic Res. (2020) 152:443–
71. doi: 10.1007/s11205-020-02445-1

47. Belloc NB, Breslow L, Hochstim JR. Measurement of physical
health in a general population survey. Am J Epidemiol. (1971)
93:328–36. doi: 10.1093/oxfordjournals.aje.a121265

48. Belloc NB, Breslow L. Relationship of physical health status and health
practices. Prevent Medicine. (1972) 1:409–21. doi: 10.1016/0091-7435(72)90014-X

49. Nosek MA, Hughes RB, Howland CA, Young ME, Mullen
PD, Shelton ML. The meaning of health for women with physical
disabilities: a qualitative analysis. Family Community Health. (2004)
27:6–21. doi: 10.1097/00003727-200401000-00003

50. Galderisi S, Heinz A, Kastrup M, Beezhold J, Sartorius N. Toward a new
definition of mental health.World Psychiatr. (2015) 14:231. doi: 10.1002/wps.20231

51. Berkman PL. Measurement of mental health in a general population survey.
Am J Epidemiol. (1971) 94:105–11. doi: 10.1093/oxfordjournals.aje.a121301

52. Larson JS. The conceptualization of health. Med Care Res Rev. (1999)
56:123–36. doi: 10.1177/107755879905600201

53.Wang L. The influence mechanism of internet use on the physical andmental
health of the elderly—an empirical analysis based on CGSS2013 data. Mod Econ
Res. (2018) 4:101–8. doi: 10.13891/J.CNKI.MER.2018.04.014

54. Han J, Zhao X. Impact of Internet Use on Multi-dimensional Health:
an empirical study based on CGSS 2017 data. Front Public Health. (2021)
9:749816. doi: 10.3389/fpubh.2021.749816

Frontiers in PublicHealth 12 frontiersin.org

https://doi.org/10.3389/fpubh.2022.967170
https://doi.org/10.3390/ijerph14050463
https://doi.org/10.22374/1875-6859.13.2.8
https://doi.org/10.1177/0164027516680854
https://doi.org/10.1017/S0144686X16000374
https://doi.org/10.1177/0164027599213006
https://doi.org/10.1017/S0144686X16000210
https://doi.org/10.2147/CIA.S71709
https://doi.org/10.1371/journal.pone.0131014
https://doi.org/10.3390/medicina57090961
https://doi.org/10.1177/089826439500700104
https://doi.org/10.1017/CBO9780511586545.015
https://doi.org/10.2190/V813-QA3G-6AQC-MWYM
https://doi.org/10.1017/S0144686X10001091
https://doi.org/10.1016/j.archger.2016.11.010
https://doi.org/10.1080/00222216.2006.11950084
https://doi.org/10.1007/s10823-013-9219-0
https://doi.org/10.3390/healthcare8040482
https://doi.org/10.1111/ggi.14151
https://doi.org/10.1111/JAKO200634515173902
https://doi.org/10.1155/2011/673181
https://doi.org/10.1186/s12877-016-0283-5
https://doi.org/10.6890/IJGE.201906_13(2).0018
https://doi.org/10.1016/j.exger.2022.111713
https://doi.org/10.3390/ijerph14070752
https://doi.org/10.1016/j.knosys.2011.07.008
https://doi.org/10.1371/journal.pone.0231318
https://doi.org/10.1177/0017896913509255
https://doi.org/10.1123/jpah.2017-0006
https://doi.org/10.1016/j.dhjo.2021.101129
https://doi.org/10.1007/s11205-020-02445-1
https://doi.org/10.1093/oxfordjournals.aje.a121265
https://doi.org/10.1016/0091-7435(72)90014-X
https://doi.org/10.1097/00003727-200401000-00003
https://doi.org/10.1002/wps.20231
https://doi.org/10.1093/oxfordjournals.aje.a121301
https://doi.org/10.1177/107755879905600201
https://doi.org/10.13891/J.CNKI.MER.2018.04.014
https://doi.org/10.3389/fpubh.2021.749816
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Qin et al. 10.3389/fpubh.2022.967170

55. Warburton DE, Bredin SS. Health benefits of physical activity: a systematic
review of current systematic reviews. Curr Opin Cardiol. (2017) 32:541–
56. doi: 10.1097/HCO.0000000000000437

56. Tremblay MS, Warburton DE, Janssen I, Paterson DH, Latimer AE, Rhodes
RE, et al. New Canadian physical activity guidelines.Applied Physiol, Nutr Metabol.
(2011) 36:36–46. doi: 10.1139/H11-009

57. Wang F. Status constraint and lifestyle transition: a latent class analysis of
health-related lifestyles among different social strata in China. J Chin Soc. (2019)
6:1–20. doi: 10.1186/s40711-019-0112-2

58. Sanders ME, Takeshima N, Rogers ME, Colado JC, Borreani S. Impact of the

SWEATTM water-exercise method on activities of daily living for older women. J
Sports Sci Med. (2013) 12:707.

59. Colley RC, Butler G, Garriguet D, Prince SA, Roberts KC. Comparison of self-
reported and accelerometer-measured physical activity in Canadian adults. Health
Rep. (2018) 29:3–15.

60. Headey B. Life goals matter to happiness: a revision of set-point theory. Soc
Indic Res. (2008) 86:213–31. doi: 10.1007/s11205-007-9138-y

61. Lieberman LR. Life satisfaction in the young and the old. Psychol Rep. (1970)
27:75–9. doi: 10.2466/pr0.1970.27.1.75

62. He G, He L, Zhang B, Ge T, Chen Y. The greener, the happier? The effects
of greenspace on residents’ happiness in contemporary urban China. J Community
Psychol. (2022):22798. doi: 10.1002/jcop.22798

63. Knack S, Keefer P. Does social capital have an economic
payoff? A cross-country investigation. Quart J Econo. (1997) 112:1251–
88. doi: 10.1162/003355300555475

64. Berggren N, Elinder M, Jordahl H. Trust and growth: a shaky relationship.
Empir Econ. (2008) 35:251–74. doi: 10.1007/s00181-007-0158-x

65. Naef M, Schupp J. Measuring trust: Experiments and surveys in contrast and
combination. SOE Paper. (2009) 167:46. doi: 10.2139/ssrn.1367375

66. Ning C, Wu J, Ye Y, Yang N, Pei H, Gao H. How media use influences
the fertility intentions among Chinese women of reproductive age: a perspective
of social trust. Front Public Health. (2022) 10:882009. doi: 10.3389/fpubh.2022.
882009

67. Lyu S, Sun J. Internet use and self-rated health among Chinese older
adults: the mediating role of social capital. Geriatr Gerontol Int. (2021) 21:34–
8. doi: 10.1111/ggi.14090

68. Zhang Z, Shu H, Yi H, Wang X. Household multidimensional energy
poverty and its impacts on physical and mental health. Energy Policy. (2021)
156:112381. doi: 10.1016/j.enpol.2021.112381

69. Bhandari P, Ray S, Nagarajan R. Implication of adult out-migration on
the health and healthcare seeking of the older parents in Indian households: an
exploration. Aging Int. (2022) 47:180–205. doi: 10.1007/s12126-021-09413-1

70. Wen Z, Ye B. Analyses of mediating effects: the development of methods and
models. Advances Psychol Sci. (2014) 22:731–45. doi: 10.3724/SP.J.1042.2014.00
731

71. Ferrer-i-Carbonell A, Frijters P. How important is methodology for the
estimates of the determinants of happiness? The Econo J. (2004) 114:641–
59. doi: 10.1111/j.1468-0297.2004.00235.x

72. Li J, Lai DW, Chappell NL. The older, the happier?: a cross-sectional
study on the “Paradox of Aging” in China. Res Aging. (2022) 44:34–
43. doi: 10.1177/0164027521994225

73. Angrist JD, Pischke J-S. Mostly Harmless Econometrics: An Empiricist’s
Companion. Princeton University Press. (2009).

74. Forsman AK, Nordmyr J. Psychosocial links between Internet use and
mental health in later life: a systematic review of quantitative and qualitative
evidence. J Applied Gerontol. (2017) 36:1471–518. doi: 10.1177/07334648155
95509

75. Theng Y-L, Chua PH, Pham TP. Wii as entertainment and socialization aids
formental and social health of the elderly. In:CHI’12 Extended Abstracts onHuman
Factors in Computing Systems. New York: ACM (2012). p. 691–702.

76. Persson A, While A. Physical activity among older people and
related factors. Health Educa J. (2012) 71:144–53. doi: 10.1177/00178969103
96760

77. Lemon BW, Bengtson VL, Peterson JA. An exploration of the activity
theory of aging: activity types and life satisfaction among in-movers to
a retirement community. J Gerontol. (1972) 27:511–23. doi: 10.1093/geronj/
27.4.511

78. Zhang X, Lin H. Disengagement theory. In: Encyclopedia of Gerontology and
Population Aging. Springer. (2021). p. 1471–76.

79. TopazM, Troutman-JordanM,MacKenzieM. Construction, deconstruction,
and reconstruction: the roots of successful aging theories. Nurs Sci Q. (2014)
27:226–33. doi: 10.1177/0894318414534484

80. Tavel P. Successful aging a survey of the most important theories. Human
Affairs. (2008) 18:183–96. doi: 10.2478/v10023-008-0018-0

81. BergstromMJ, Holmes ME. Lay theories of successful aging after the death of
a spouse: a network text analysis of bereavement advice. Health Commun. (2000)
12:377–406. doi: 10.1207/S15327027HC1204_4

82. Nilsson H, Bülow PH, Kazemi A. Mindful sustainable aging: advancing a
comprehensive approach to the challenges and opportunities of old age. Eur J
Psychol. (2015) 11:494. doi: 10.5964/ejop.v11i3.949

83. Greenwood-Hickman MA, Dahlquist J, Cooper J, Holden E, McClure JB,
Mettert KD, et al. “They’re Going to Zoom It”: a qualitative investigation of impacts
and coping strategies during the COVID-19 Pandemic Among Older Adults. Front
Public Health. (2021) 9:679976. doi: 10.3389/fpubh.2021.679976

84. Zhang L, Zhou S, Kwan M-P. A comparative analysis of the
impacts of objective versus subjective neighborhood environment
on physical, mental, and social health. Health Place. (2019)
59:102170. doi: 10.1016/j.healthplace.2019.102170

85. Hong Y, Fu J, Kong D, Liu S, Zhong Z, Tan J, et al. Benefits and barriers:
a qualitative study on online social participation among widowed older adults in
Southwest China. BMC Geriatr. (2021) 21:1–10. doi: 10.1186/s12877-021-02381-w

86. Zhang H. d’Uva TB, Van Doorslaer E. The gender health gap in
China: a decomposition analysis. Economics Human Biol. (2015) 18:13–
26. doi: 10.1016/j.ehb.2015.03.001

87. Park JH, Min S, Eoh Y, Park SH. The elderly living in single-
person households in South Korea: A latent profile analysis of self-
esteem, life satisfaction, and depression. Quality Life Res. (2021)
30:1083–92. doi: 10.1007/s11136-020-02693-1

88. Lane AP, Hou Y, Wong CH, Yuen B. Cross-sectional associations of
neighborhood third places with social health among community-dwelling older
adults. Soc Sci Med. (2020) 258:113057. doi: 10.1016/j.socscimed.2020.113057

89. Adler G, Schwartz J, Kuskowski M. An exploratory study
of older adults’ participation in civic action. Clin Gerontol. (2007)
31:65–75. doi: 10.1300/J018v31n02_05

90. Ziersch A, Osborne K, Baum F. Local community group participation: who
participates and what aspects of neighborhood matter? Urban Policy Res. (2011)
29:381–99. doi: 10.1080/08111146.2011.623295

91. Zhang W, Feng Q, Liu L, Zhen Z. Social engagement and health: findings
from the 2013 survey of the Shanghai elderly life and opinion. Int J Aging Human
Dev. (2015) 80:332–56. doi: 10.1177/0091415015603173

92. Wang J, Chen T, Han B. Does co-residence with adult children associate with
better psychological well-being among the oldest old in China? Aging Ment Health.
(2014) 18:232–9. doi: 10.1080/13607863.2013.837143

93. Oh H, Noh H, Sims OT, Guo Y, Sawyer P. A comparison of urban and non-
urban African American older adults on health-related characteristics. Soc Work
Health Care. (2018) 57:762–73. doi: 10.1080/00981389.2018.1497748

94. Wu B, Yue Y, Mao Z. Self-reported functional and general health
status among older respondents in China: the impact of age, gender,
and place of residence. Asia Pacific J Public Health. (2015) 27:NP2220–
31. doi: 10.1177/1010539511428350

95. Wei L Study on the characteristics of Chinese Mulao traditional sports
culture and its project classification. In: 2017 International Conference on Culture,
Education and Financial Development of Modern Society (ICCESE 2017): 2017.
Atlantis Press (2017). p. 547–51.

96. HeQ, Cui Y, Liang L, ZhongQ, Li J, Li Y, et al. Social participation, willingness
and quality of life: a population-based study among older adults in rural areas of
China. Geriatr Gerontol Int. (2017) 17:1593–602. doi: 10.1111/ggi.12939

97. Curvers N, Pavlova M, Hajema K, Groot W, Angeli F. Social participation
among older adults (55+): results of a survey in the region of South
Limburg in the Netherlands. Health Soc Care Community. (2018) 26:e85–
93. doi: 10.1111/hsc.12480

98. Lin W. A study on the factors influencing the community participation of
older adults in C hina: based on the CHARLS 2011 data set. Health Soc Care
Community. (2017) 25:1160–8. doi: 10.1111/hsc.12415

99. Sun K, Zhou J. Understanding the impacts of internet use on senior citizens’
social participation in China: evidence from longitudinal panel data. Telematics
Informatics. (2021) 59:101566. doi: 10.1016/j.tele.2021.101566

100. Kim ACH, Ryu J, Lee C, Kim KM, Heo J. Sport participation and happiness
among older adults: a mediating role of social capital. J Happiness Stud. (2021)
22:1623–41. doi: 10.1007/s10902-020-00288-8

Frontiers in PublicHealth 13 frontiersin.org

https://doi.org/10.3389/fpubh.2022.967170
https://doi.org/10.1097/HCO.0000000000000437
https://doi.org/10.1139/H11-009
https://doi.org/10.1186/s40711-019-0112-2
https://doi.org/10.1007/s11205-007-9138-y
https://doi.org/10.2466/pr0.1970.27.1.75
https://doi.org/10.1002/jcop.22798
https://doi.org/10.1162/003355300555475
https://doi.org/10.1007/s00181-007-0158-x
https://doi.org/10.2139/ssrn.1367375
https://doi.org/10.3389/fpubh.2022.882009
https://doi.org/10.1111/ggi.14090
https://doi.org/10.1016/j.enpol.2021.112381
https://doi.org/10.1007/s12126-021-09413-1
https://doi.org/10.3724/SP.J.1042.2014.00731
https://doi.org/10.1111/j.1468-0297.2004.00235.x
https://doi.org/10.1177/0164027521994225
https://doi.org/10.1177/0733464815595509
https://doi.org/10.1177/0017896910396760
https://doi.org/10.1093/geronj/27.4.511
https://doi.org/10.1177/0894318414534484
https://doi.org/10.2478/v10023-008-0018-0
https://doi.org/10.1207/S15327027HC1204_4
https://doi.org/10.5964/ejop.v11i3.949
https://doi.org/10.3389/fpubh.2021.679976
https://doi.org/10.1016/j.healthplace.2019.102170
https://doi.org/10.1186/s12877-021-02381-w
https://doi.org/10.1016/j.ehb.2015.03.001
https://doi.org/10.1007/s11136-020-02693-1
https://doi.org/10.1016/j.socscimed.2020.113057
https://doi.org/10.1300/J018v31n02_05
https://doi.org/10.1080/08111146.2011.623295
https://doi.org/10.1177/0091415015603173
https://doi.org/10.1080/13607863.2013.837143
https://doi.org/10.1080/00981389.2018.1497748
https://doi.org/10.1177/1010539511428350
https://doi.org/10.1111/ggi.12939
https://doi.org/10.1111/hsc.12480
https://doi.org/10.1111/hsc.12415
https://doi.org/10.1016/j.tele.2021.101566
https://doi.org/10.1007/s10902-020-00288-8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Qin et al. 10.3389/fpubh.2022.967170

101. Aday RH, Kehoe GC, Farney LA. Impact of senior center
friendships on aging women who live alone. J Women Aging. (2006)
18:57–73. doi: 10.1300/J074v18n01_05

102. Stahl ST, Beach SR, Musa D, Schulz R. Living alone and
depression: the modifying role of the perceived neighborhood environment.
Aging Ment Health. (2017) 21:1065–71. doi: 10.1080/13607863.2016.11
91060

103. Bilotta C, Case A, Nicolini P, Mauri S, Castelli M, Vergani C. Social
vulnerability, mental health and correlates of frailty in older outpatients
living alone in the community in Italy. Aging Ment Health. (2010) 14:1024–
36. doi: 10.1080/13607863.2010.508772

104. Jing Z, Li J, Fu PP, Wang Y, Yuan Y, Zhao D, et al. Catastrophic
health expenditure among single empty-nest elderly with multimorbidity in rural
Shandong, China: the effect of co-occurrence of frailty. Int J Equity Health. (2021)
20:1–9. doi: 10.1186/s12939-020-01362-6

105. Pakpahan E, Hoffmann R, Kröger H. Retrospective life course data
from European countries on how early life experiences determine health
in old age and possible mid-life mediators. Data Brief. (2017) 10:277–
82. doi: 10.1016/j.dib.2016.11.094

106. Charpentier M, Kirouac L. Experiences of loneliness among older people
living alone. A qualitative study in Quebec (Canada). Aging Soc. (2021):1–
22. doi: 10.1017/S0144686X21000349

Frontiers in PublicHealth 14 frontiersin.org

https://doi.org/10.3389/fpubh.2022.967170
https://doi.org/10.1300/J074v18n01_05
https://doi.org/10.1080/13607863.2016.1191060
https://doi.org/10.1080/13607863.2010.508772
https://doi.org/10.1186/s12939-020-01362-6
https://doi.org/10.1016/j.dib.2016.11.094
https://doi.org/10.1017/S0144686X21000349
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Can leisure and entertainment lifestyle promote health among older people living alone in China?—A simultaneous equation approach
	Background
	Methods
	Study design
	Variables and measures
	Multidimensional health
	Leisure and entertainment life (LEL)
	Mediating variables
	Control variables

	Analytical strategy

	Result
	Descriptive statistics
	Results of the OLS model
	Results of the 2SLS model
	How LEL affects multidimensional health of older people living alone

	Discussion
	Conclusion
	Limitation
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


