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This paper uses a nationally representative and large-scale dataset from China to empirically examine the relationship between exercise participation and happiness. To address the problem of reverse causality between the two factors, the instrumental variable (IV) approach is used to deal with endogeneity to some extent. It is demonstrated that higher frequencies of exercise participation are positively related to happiness. Findings also demonstrate that physical exercise could significantly decrease depressive disorders, improves self-rated health conditions and reduces the frequency of health problems affecting people's work and life. At the same time, all of above health factors significantly influence subjective wellbeing. When these health variables are included in regressions, the correlation between exercise participation and happiness declines. This confirms that physical activity helps to improve happiness by enhancing mental and overall health conditions. In addition, results show that physical activities are more prominently related to happiness for male, older and unmarried individuals and those living in rural areas, lacking social security and with higher levels of depression as well as lower socioeconomic status. Furthermore, a series of robustness checks are carried out and exercise participation's positive role in improving happiness is further confirmed using different happiness measures and instrumental variables, various IV models, as well as penalized machine learning methods and placebo tests. With the increasing emphasis of improving happiness as an important goal in the global public health policy, findings of this paper have important policy implications for enhancing subjective wellbeing.
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1. Introduction

With the increase of people's willingness and ability to pursue a better life, happiness has not only received more and more attention from society, but also been recognized as an important goal in the global public policy (1). This concept appears in the literature in a variety of forms: subjective wellbeing, happiness, life satisfaction, general wellbeing, etc. These terms overlap to a large extent. Subjective wellbeing is widely used in the area of positive psychology and Diener et al. (2) give its classical definition from a hedonistic perspective. They believe that subjective wellbeing includes both cognitive assessment (i.e. overall life satisfaction) and affective wellbeing (comprising positive and negative emotions). This concept is further developed by introducing eudaimonic wellbeing, an aspect of wellbeing that consists of more than mere pleasure, but in the realization of one's human capital and true nature (3, 4). Happiness emphasizes individuals' overall evaluation of current life situation, and is widely considered as the most direct measure of people's subjective wellbeing (5).

In the past few decades, empirical research on subjective wellbeing has developed rapidly. Existing literature has studied different factors related to happiness from multiple aspects. First, income is the primary determinant of happiness, which was empirically confirmed in as early as 1984 (6). After that, most research has subsequently verified that income has significant impact on subjective wellbeing (7, 8). Besides, compared with the temporary change in earnings, income in people's life cycle has a greater impact on happiness (9, 10). Second, as for demographic and human capital characteristics, it has been shown a U-shaped relationship between age and subjective wellbeing, with people's happiness reaching its lowest level at midlife (11). In addition, better education is conducive to the improvement of subjective wellness (12). However, the impact of religious beliefs on happiness is not clear (13). Third, in terms of family characteristics, it is found that married individuals are generally happier (11), while the relationship between whether having children and subjective wellbeing is not statistically significant (6). Fourth, studies have also documented that job characteristics and work-related social security also affect happiness. For example, compared to informal employment, better social security that comes with formal employment contributes to the wellbeing of employees (14).

Furthermore, existing research suggests that physical fitness has an important impact on happiness, and there is also a significant association between exercise participation and health (15). So does exercise participation improve happiness? This is an important question yet to be rigorously tested. The frequency of physical activity has been shown to correlate with people's psychological states such as depression, anxiety, self-esteem, and wellbeing (16–19). Numerous studies have found a positive relationship between physical activity and happiness (20–26). Available evidence confirms that more frequent activity is associated with higher happiness levels (16, 27). In terms of the duration of physical activity, studies have found that even a short engagement in physical exercise is beneficial to happiness (28). With respect to the forms of activities, it is shown that both exercise and non-exercise have far-reaching benefits to physical health (29). Research has also proven that at least 10 min of physical exercise per week contributes to individuals' increased wellbeing (30). Lockdowns during COVID-19 increased the prevalence of anxiety and depressive disorders worldwide and immobility has been identified as one of the major causes behind these increases. (31). This appears to provide indirect evidence for the relationship between physical exercise and happiness. However, the relationship between exercise participation and happiness seems not to be a one-way direction because previous studies have also implied a bidirectional causality between the two factors. Happiness has an impact on people's physical activity and health behaviors, and consequently there is an interplay between happiness and physical exercise (32–34). Although research shows that the impact of happiness on physical activity is relatively weaker than that of physical activity on happiness (32, 35, 36), subjective wellbeing plays a role in affecting exercise participation (37). For example, individuals with higher happiness levels participate in exercise more frequently and suffer less from illness (38, 39). Moreover, a positive mental state helps to increase the probability of healthier behaviors and people with higher levels of happiness are more likely to maintain a healthy lifestyle (40).

Regarding how exercise participation affects happiness, first, it has been shown that physical fitness is one of the most important factors affecting people's wellbeing (41, 42). At the same time, other literature suggests that exercise is conducive to improving physical conditions (43, 44). Therefore, integrating the two streams of literature, it can be hypothesized that the positive effect of physical activities on happiness is exerted by improving people's physical health. Second, in terms of mental health, existing studies have detected that exercise helps to reduce psychological distress and decrease the risk of depression to some extent (45–47). Besides, available evidence confirms that there is a significantly negative correlation between happiness and depression (48, 49). Therefore, mental health status can also mediate the role of physical activity in impacting subjective wellbeing. Third, physical activity helps to increase the frequency of interpersonal interactions, thereby reducing social isolation (50). It has been shown that participation in physical activity can help people reduce loneliness and increase social participation (51–53). At the same time, loneliness is one of the important causes of people's poorer psychological state (54). A decrease in loneliness is significantly associated with an increase in wellbeing (55, 56). Therefore, physical exercise may affect wellbeing by influencing loneliness. Fourth, exercise can help people release stress. It has been found that regular physical activity makes people reduce their stress in life (57). Specifically, regardless of workplace stress for employees or academic stress for school students, exercise contributes to reducing these stresses (58–60). Furthermore, studies have shown a negative association between stress and wellbeing (61, 62). Thus, physical activity may affect wellbeing by influencing people's sense of stress. Fifth, from the perspective of lifestyle habits, physical activity may help people to maintain good habits, for example reducing sedentary behavior (63, 64). In addition, studies have also demonstrated a significant positive association between sedentary behavior and symptoms of depression and anxiety (65, 66). This implies that higher levels of sedentary behavior associate with decreased happiness (67). In a nutshell, from the available literature, it appears that exercise participation may influence happiness through mechanisms of physical and mental health, loneliness, stress, daily habits, etc. In addition, existing research suggests that there may exist heterogeneities in the relationship between exercise participation and happiness. For example, this correlation may vary by gender (39). Studies have shown that, among high school students, the relationship between exercise and happiness is more prominent in female than in male students (27). There are also variations among subgroups with different mental health conditions and physical activity is more positively associated with happiness for people with depression (68).

The objectives of this paper are threefold. First of all, this paper aims to clarify the relationship between exercise participation and happiness based on tackling endogeneity with the instrumental variable approach, applying a large-scale nationally representative data from China. Secondly, regarding how exercise may exert impacts on happiness, this research is to test how physical activity affects happiness using the mechanism analysis framework. Thirdly, this study also investigates the heterogeneities in the impact of physical exercise on subjective wellbeing. It is demonstrated that higher frequencies of exercise participation are positively related to happiness. Findings also demonstrate that physical exercise could significantly decrease depressive disorders, improves self-rated health conditions and reduces the frequency of health problems affecting people's work and life. At the same time, all of above health factors significantly influence subjective wellbeing. This confirms that physical activity helps to improve happiness by enhancing mental and overall health conditions. In addition, results show that physical activities are more prominently related to happiness for male, older and unmarried individuals and those living in rural areas, lacking social security and with higher levels of depression as well as lower socioeconomic status. Furthermore, a series of robustness checks are carried out and exercise participation's positive role in improving happiness is further confirmed using different happiness measures and instrumental variables, various IV models, as well as penalized machine learning methods and placebo tests.

Compared with the existing literature, contributions of this paper are mainly reflected in the following aspects. First, this paper deepens our understanding on the influencing factors of happiness from the perspective of exercise participation habits based on dealing with endogeneity. Previous studies have mainly focused on the effects of income (7–10), human capital characteristics (12, 13), family (6, 11) and working features (14) on subjective wellbeing. However, it can be concluded from above literature that the effect of exercise participation on happiness is unclear due to the possible bidirectional causality between the two factors. This paper deals with this issue by applying the instrumental variable approach to tackle endogeneity caused by reverse causality. Second, this paper clarifies how physical activity affects people's happiness. Regarding how exercise participation affects happiness, studies have shown that physical activity affects health as well as other factors, which are also associated with happiness. So whether physical exercise impacts happiness through these mechanisms need to be scientifically tested. This paper carries out an important exploration in this regard.



2. Materials, measures and methods


2.1. Data source

The dataset used in this paper is the Chinese General Social Survey (CGSS) collected in 2017 and 2018. CGSS is one of the most important nationally representative and large-scale academic survey projects in China, carried out by the national Survey Research Center at Renmin University of China (NSRC), which organizes the Chinese Social Survey Network (CSSN). The CGSS questionnaire aims to collect quantitative data about (1) measures of social structure, its stability and change, (2) measures of quality of life, objective and subjective, and (3) measures of underlying mechanisms linking social structure and quality of life. Detailed descriptions of CGSS are provided in the Supplementary material. CGSS has three advantages in this research. First, it directly investigates respondents' happiness level and contains comprehensive factors influencing happiness studied in the existing literature. This is conducive to examining the effects of exercise participation on happiness and conducting relevant mechanism and heterogeneity analysis. Second, CGSS covers information on people's exercise habits, facilitating the construction of explanatory variables. Third, CGSS contains detailed respondents' occupational codes of International Standard Classification of Occupations 2008 (ISCO-2008), which enable us to calculate the instrumental variable used in this paper to deal with endogeneity.



2.2. Measures

The main explained variable in this paper is the individual's happiness level, which is used in may existing studies (69–80). This measure is derived from the respondent's response to the question in CGSS: “Do you feel that you are generally happy in your life?” The answers to this question, based on the 5-Point Likert Scale, divide happiness levels into 1–5 levels, including very unhappy, relatively unhappy, cannot say happy or unhappy, relatively happy and very happy. In addition, CGSS has multidimensional subjective wellbeing indexes and the Cronbach's Alpha for the sub-scales is 0.891, demonstrating good internal consistency. The explanatory variable is the frequency of exercise participation used in Chen et al. (81), Lindwall and Hassmen (82), Wijngaards et al. (83), Anderson and Feldman (84), Gibney and Doyle (85), Brand et al. (86), Feng and Shi (87), Zhang and Zhang (88), Sun et al. (89), Wang and Wang (90), Wu (91). It comes from the question that “How many times a week do you engage in at least 30 min of physical activity that makes you sweat?”. By preliminarily analyzing the relationship between physical exercise and happiness, we find that in the very unhappy, relatively unhappy, cannot say happy or unhappy, relatively happy and very happy groups, the proportions of participating in physical exercise at least once a week are 30.508, 35.263, 41.194, 46.371, and 50.687%, respectively. Figure 1 illustrates that the larger the exercise participation rate, the higher the level of happiness. This implies a positive relationship between physical activity and happiness. In the following sections, we further examine the impact of physical exercise on happiness with more rigorous statistical analysis.


[image: Figure 1]
FIGURE 1
 Relationship between exercise participation and happiness.


Based on the literature concerning the determinants of happiness (38, 92–94), to avoid omitted variable bias, this paper extensively controls factors influencing happiness in the following six aspects. (1) Demographic characteristics include age, the quadratic term of age and gender. (2) Human capital characteristics include education level and migration status. (3) Social characteristics include whether the respondent's Hukou1 is in urban, whether belonging to ethnic minorities, whether having religious beliefs and whether being the Communist Party of China (CPC) member. (4) Work characteristics include personal income, whether working in the system2 and whether having pension and medical insurance. (5) Family characteristics include whether married, family size, number of children and number of housing assets. (6) Regional and time characteristics include provincial and year dummies. The meanings and descriptive statistics of above variables are shown in Supplementary Table 1.



2.3. Methods

To examine the causal effect of exercise participation on happiness and to deal with the reverse causality problem, this paper uses the instrumental variable method to tackle endogeneity to some degree. Specifically, the following two-stage least squares (2SLS) statistical model is constructed.
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In this model, Exercisei and Happinessi are exercise frequency and happiness of respondent i, respectively. The instrumental variable used in this paper is the degree to which automation affects the respondents, denoted as [image: image] is a vector of control variables described above. dy and dp are time and provincial fixed effects. The first equation is the first stage regression of 2SLS, in which Automationi is utilized to estimate Exercisei. In the second equation, the predicted values of exercise frequency from the first stage estimation are used to examine its effects on happiness. Automationi is the instrumental variable constructed by Mihaylov and Tijden (95), which characterizes the degree of replacement by automation for occupations based on the routine intensity of the tasks at work. The automation index is calculated depending on respondents' occupation with Stata 17.0 MP, which is originally constructed by Mihaylov and Tijden (95). This measure is developed based on the task content of occupations under International Standard Classification of Occupations 2008 (ISCO-2008). Using a detailed set of 3,264 occupation-specific tasks, five sub-measures of non-routine analytic, non-routine interactive, routine cognitive, routine manual and non-routine manual tasks for 427 four-digit ISCO-2008 occupations are constructed. Details concerning this instrumental variable can be further referred to in Mihaylov and Tijden (95). Studies have shown that, the higher the degree of replacement by automation, the less time people need to work, and the more time they could spend on recreational activities and physical exercise (96). Therefore, this instrumental variable satisfies the correlation prerequisite. In addition, the impact of automation on occupation is determined by exogenous technological progress and thus is independent of individuals' characteristics. Consequently, this instrumental variable is exogenous to the estimation equation of individuals' happiness levels. Statistical test results of the correlation and exogeneity of this instrumental variable are presented in Supplementary Table 4. We also provided a detailed explanation and validity tests of the instrumental variable in the Supplementary material. Hence, applying the instrumental variable method, this paper can test the causal effect of exercise participation on happiness based on dealing with endogeneity to some extent. But it is important to note that the instrument variable approach often falls short of the “gold standard” of randomized controlled trials, because the assignment to the treatment of the instrument variable may not be totally random. Therefore, there may still exist endogeneity despite the use of this instrumental variable approach. All data processing and statistical analysis in this paper were conducted using Stata 17.0 MP - Parallel Edition.




3. Results


3.1. Benchmark results

Table 1 shows the regression results based on the above 2SLS model. Column (1) is the estimation that does not include any controls, demonstrating that exercise participation significantly positively impacts happiness. In columns (2–6), demographic characteristics, human capital characteristics, social characteristics, work characteristics, family characteristics and regional and time fixed effects are sequentially included in the regressions. In all the estimations, the coefficients of happiness are estimated to be significantly positive at the 1% level. This means that the more often people engage in physical exercise, the higher the level of their subjective wellbeing. In addition, with sequentially adding control variables in different aspects, the estimated coefficients of exercise participation are basically stable at around 0.290. This indicates that the significant correlation between physical activity and happiness is robust and not altered by other factors.


TABLE 1 Relationship between exercise participation and happiness.

[image: Table 1]



3.2. Mechanism analysis

The next question we care about is how exercise participation may enhance happiness. Based on existing literature, exercise participation may influence happiness through mechanisms of physical and mental health, loneliness, stress and daily habits. To tackle the problem of endogeneity, the 2SLS model is also used in the mechanism analysis based on the traditional three stage procedure, of which the details are provided in the Supplementary material. First, in terms of physical health, two indicators are utilized to characterize people's physical health status, including self-rated health status and the frequency of suffering from health problems. These mediators respectively come from respondents' evaluations on “how do you evaluate your current overall physical health status?”, and “how often do health problems affect your work and daily life?”. Based on the Likert scale, health status is classified into “very unhealthy”, “relatively unhealthy”, “fair”, “relatively healthy”, “very healthy” from 1-5. Besides, the values of the frequency of “suffering from health problems” are from 1 to 5 representing “never”, “seldom”, “sometimes”, “often” and “always” respectively. Column (2) of Table 2 indicates that physical exercise is positively correlated with the physical health status, while the estimate of exercise in column (4) is negatively correlated with the severity of health problems, which means that exercise participation could improve people's physical health. After the mediators are included in regressions, estimates of exercise participation in columns (3) and (5) decrease, meaning that the physical health plays a mediating role in the impact of physical activity on subjective wellbeing. This finding is consistent with existing studies (41–44). Second, as for the mental health, we use the measure of respondents' depression levels. It comes from answers on “how depressed do you feel?” Answers to this question are based on the Likert scale from 1 to 5, including “1-not depressed”, “2-mildly depressed”, “3-moderately depressed”, “4-very depressed” and “5-severely depressed” respectively. Results in column (6) show that physical exercise significantly reduces depression. Meanwhile, when both the explanatory and mediating variables are included in the regressions at the same time, as shown in column (7), the estimated coefficients of these two variables are significant. It means mental health also plays a mediating role in the impact of exercise frequency on happiness, consistent with previous research (33, 45–49, 97).


TABLE 2 Mechanism analysis.

[image: Table 2]

Third, we use respondents' ratings on the extent of “feeling lonely”, “feeling isolated by others” as well as “feeling lack of company” in CGSS to characterize their sense of loneliness, denoted as “lonely_1”, “lonely_2” and “lonely_3” respectively. Based on the Likert scale, ratings to these items are divided into “never”, “seldom”, “sometimes”, “often” and “always” from 1 to 5. When above mediators are included in the estimation of happiness, as demonstrated in columns (10), (12) and (14) of Table 2, both lonely_2 and lonely_3 are highly negatively correlated with happiness. This means that loneliness decreases happiness, which is consistent with existing literature. However, columns (9), (11), and (13) indicate that the estimated coefficients of exercise frequency on loneliness are not statistically significant. Therefore, loneliness does not play a mediating role in the impact of exercise on subjective wellbeing. This may stem from the fact that the physical activity indicator in this paper measures the frequency with which people participate in all types of exercise participation. Although it has been documented that group physical activities can help reduce loneliness (50–53), other types of exercises practiced by people themselves, such as running and swimming, do not necessarily play the same role. In addition, since without variables related to the respondents' sense of stress and other behavior habits in CGSS, we cannot conduct further mechanism analysis in this regard.



3.3. Heterogeneities analysis

This paper further investigates the heterogeneities of the effects of exercise participation on happiness among different subgroups with varied background characteristics, as shown in Table 3. In terms of gender, age and marital status, it is demonstrated that the positive relationship between physical activity and happiness is more pronounced for males, those over the age of 40 and unmarried individuals. This means that these groups tend to gain greater subjective wellbeing benefits from physical exercise. Moreover, we conduct a subsample analysis on people with different depression levels. Specifically, those who are very or severely depressed are treated as the more depressed group, and others are regarded as less depressed individuals. Results have demonstrated that the positive correlation between physical exercise and happiness tends to be much larger in those with higher levels of depression. This indicates that, for individuals with poorer mental health, exercise's role may be more effective in improving happiness.


TABLE 3 Heterogeneities analysis.

[image: Table 3]

Furthermore, we analyze the heterogeneities of exercise participation's effects on happiness from the perspectives of socioeconomic status. First, considering that housing property is an important aspect of economic assets, the heterogeneity analysis is carried out based on whether the respondent owns housing property. Results exhibit that the positive role of exercise participation tends to be more prominent for those not owning housing assets. This may be attributed to the fact that those owning housing property already have a higher level of happiness, so physical exercise's effects on improving their welfare are not pronounced. Mean values of the happiness measure for people owing housing property and their counterparts are 3.88 and 3.80 respectively. In addition, according to respondents' answers to the questions that “In general, are you in the middle and upper class in the society?” and “Can you take advantage of your current work to help your relatives and friends?”, we divide the sample into high and low social statuses and social capital groups. Subsample results indicate that the positive relationship between physical activities and happiness is more significant for those with lower social status and social capital level. Similarly, this result may also pertain to the fact that individuals with the higher social status and social capital level have higher wellbeing ratings, which are 4.08 and 3.99 respectively and much higher than 3.68 and 3.82 of their counterparts.

In terms of regional heterogeneity, results demonstrate that rural residents may be able to gain more benefits from exercise participation. This may be due to the better living standard in China's urban areas, resulting in a higher level of urban residents' happiness than rural respondents (3.95 > 3.81). Therefore, the benefits of physical exercise in improving happiness are not so obvious for urban participants. Meanwhile, in respect of social security, regardless of whether having pension, physical activity significantly promotes happiness. However, for those not having pension, the exercise participation's role is more prominent. Overall, the heterogeneity analysis suggests that physical activities are more prominently related to happiness for male, older and unmarried individuals and those living in rural areas, lacking social security and with higher levels of depression as well as lower socioeconomic status.



3.4. Robustness checks

This paper tests the robustness of the positive relationship between exercise participation and happiness in the following five ways. First, we conduct regressions using the dummy variable of happiness from the question of “whether feeling happy” as the new dependent variable applying the Probit model with the instrumental variable. As shown in Supplementary Table 2, the role of physical exercise is also significantly positive at the 1% level using this dependent variable, further confirming the robustness of the findings. Second, we use another measure of automation as the instrumental variable, constructed by Autor and Dorn (98). Results in Supplementary Table 3 demonstrate that the estimated coefficients using this instrumental variable are basically consistent with the benchmark results. Third, we perform robustness checks using other instrumental variable regression methods, including limited information maximum likelihood estimation (LIML) and generalized method of moments (GMM) models. As shown in Supplementary Table 4, no matter which instrumental variable estimation method is applied, the positive relationship between exercise participation and subjective wellbeing is robust. Fourth, we use penalized regressions to examine the predictive power of physical activity on happiness. Results of Supplementary Table 5 indicate that, exercise participation is an important indicator for predicting happiness in all of the penalized machine learning models, including Lasso, Ridge and Elastic Net. As illustrated in Supplementary Figures 1, 2, the predictive power of exercise participation on happiness is very robust with the increase of the penalty parameters. These results prove that exercise participation is a very important and robust factor to predict happiness compared to other variables. Fifth, a placebo test is performed on the relationship between exercise participation and happiness. Specifically, we randomly reassign the exercise participation variable 1000 times in the sample and perform regressions for the 1000 new samples. The distribution of exercise participation's estimated coefficients is illustrated in Supplementary Figure 3. The mean value of these 1000 estimates is close to 0, with more than 90% of their corresponding P-values > 0.1. This further demonstrates that the correlation between exercise participation and happiness cannot be attributed to other omitted random factors.




4. Discussion

On the basis of dealing with endogeneity problems including reverse causality to some degree, this paper confirms the positive relationship between exercise participation and happiness. This contributes to the existing literature where the causal relationship between the two factors is not systematically tested (32, 33, 39). Existing studies have explored the correlation between exercise and psychological state and subjective wellbeing, but it is difficult to investigate the causal relationship. For example, research based on the US data finds that regular exercise is negatively related to the frequency of depression and anxiety (17). In addition, a study on Norwegian adolescents detects that team exercise helps to reduce psychological distress and improve subjective wellbeing (27). In contrast to mental disorders, happiness is a kind of positive psychological state. Previous studies have shown that physical activities are positively associated with happiness, especially for individuals with long-term diseases (21) and the elderly (20, 24). Even leisure physical activities like outdoor walking are associated with higher scores on wellbeing (103, 104). Furthermore, in terms of the frequency of exercise, studies have found a stronger correlation between regular physical activity and happiness (28). However, past studies have suggested that happiness also affects people's exercise participation (32, 33). For example, a cohort study from Finland finds that people with higher levels of happiness are more likely to participate in sports activities (36). Therefore, it remains to be tested whether the positive correlation between exercise and wellbeing is a causal effect considering the problem of reverse causality. In other words, it is an open question whether exercise enhances subjective wellbeing. Based on dealing with the endogeneity problem caused by reverse causality using the instrumental variable approach to some extent, this paper proves that physical exercise can help to increases people's happiness level. Specifically, the more frequently people participate in physical activities, the higher the level of their subjective wellbeing. Besides, a series of robustness checks are conducted, which show that above findings are valid when using different happiness indicators, instrumental variables and IV models, as well as penalized machine learning methods and placebo tests.

In addition, this paper further identifies the reasons why exercise can enhance happiness. It has been shown that physical fitness is one of the most important factors affecting people's wellbeing (41, 42). At the same time, other literature suggests that physical activity is conducive to improving physical conditions (43, 44). Therefore, integrating the two streams of literature, the question naturally arises as to whether the positive effect of physical exercise on happiness is exerted by improving people's health. This paper supports the above hypothesis using the mechanism framework. Specifically, empirical results in this paper demonstrate that exercise participation improves subjective wellbeing by reducing depressive disorders, improving self-rated health status and decreasing the frequency of health problems affecting work and life. In addition, compared with previous studies that find positive effects of exercise (17, 27, 28, 103, 104), this paper further demonstrates the heterogeneities in the relationship between exercise participation and happiness across different subgroups. Specifically, this study shows that physical activities are more prominently related to happiness for male, older and unmarried individuals and those living in rural areas. Furthermore, exercise participation's role also varies among subgroups with different socioeconomic backgrounds and working characteristics. It is found that physical activity is more beneficial for people who lack social security and with lower socioeconomic status.

The shortcomings of this paper are mainly reflected in the following aspects. First, the Chinese General Social Survey used in this study, is a repeated cross-sectional dataset, which is limited to clarifying the bi-directional relationship between exercise participation and happiness. Although we use the instrumental variable approach to address the endogeneity problem, it still falls short of the “gold standard” of randomized controlled trials, because the assignment to the treatment of the instrument variable may not be totally random. The endogeneity of reverse causality needs to be better tackled based on an ideal prospective sample or randomized controlled trials. Second, since CGSS data is based on subjective answers, both the explanatory and the explained variables in this paper are subjective indicators. Although other kinds of variables are further used in the robustness checks, confirming the positive effect of exercise participation on happiness, the measures are also subjective indicators. Especially, for physical exercise, more scientific measures such as those in Riebe et al. (99), Perraton et al. (100), Morgan et al. (101), Stanton and Reaburn (102) need to be applied to test the findings of this paper. In addition, since without variables related to the respondents' sense of stress and other behavior habits in CGSS, we cannot conduct further mechanism analysis in this regard. Therefore, we look forward to further testing the relationship between physical exercise and happiness as well as the mechanisms based on better indicators in the future.



5. Conclusion

This paper empirically examines the relationship between exercise participation and happiness using data from the Chinese General Social Survey. Firstly, the endogeneity problem is tackled to some extent by applying the exogenous shock brought by automation as the instrumental variable to empirically investigate the causal effect. Analytical findings prove that physical exercise contributes to improving happiness. Secondly, it is found that exercise participation significantly decreases depression, improves self-rated health conditions and reduces the frequency of health problems affecting work and life, all of which help to promote happiness. Therefore, exercise participation could help to improve happiness by strengthening people's mental and overall self-rated health status. Thirdly, heterogeneities of the exercise participation's relationship with happiness are investigated. It is shown that for those who are male, older, unmarried, living in rural areas, lacking social security and with higher levels of depression as well as lower socioeconomic status, physical activity tends to play a more prominent role in enhancing happiness. Furthermore, the positive relationship between exercise participation and wellbeing are robust when using different happiness measures, instrumental variables and IV models, as well as penalized machine learning methods and placebo tests. This research has important implications for applying exercise participation to promote happiness. First, this paper proves the positive role of exercise participation in enhancing self-rated physical health, reducing depression levels and decreasing the sense of loneliness, thereby promoting subjective wellbeing. This implies that the health and subjective welfare benefits of exercise should be emphasized. Second, the heterogeneity analysis results have important implications. Those who are male, older, unmarried, living in rural areas, lacking social security and with higher levels of depression as well as lower socioeconomic status should be advised more to gain greater benefits from exercise participation.
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Footnotes

1 Hukou is a system of household registration used in mainland China, mainly identifying a person as a rural or urban resident.

2 Working in-system in China refers to having jobs in Communist Party of China organizations, governments and state-owned corporations. Compared with out-system jobs, in-system jobs bring better social security and additional hidden benefits.
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Model (1) 2SLS (2) 2SLS (3) 2SLS (4) 2SLS (5) 2SLS (6) 2SLS (7) 2SLS

Variable Happiness Health Happiness  Suffering  Happiness Depression Happiness
status from
health
problems
Exercise frequency 0.290%* 0.466** 0.230"* (0.104) —0.426"* 0257 (0.111) —0328** 0226 (0.098)
(0.109) (0.159) (0.149) (0.129)
Health status 0.133**
(0.024)
Suffering from health problems —0.097***
(0.023)
Depression —0.204**
(0.018)
Constant 39347 4221 3369 1,547 4.085%* 1.802°+* 4297*
(0.167) (0237) (0.134) (0221) (0.174) (0.196) (0.160)
Controls Yes Yes Yes Yes Yes Yes Yes
Observations 11725 1721 1721 11716 11716 11706 11706
Model (8) 2SLS (9) 2SLS (10) 2SLS (11) 2sLsS (12) 2SLS (13) 2SLS (14) 2SLS
Variable Happiness Lonely_1 Happiness Lonely_2 Happiness Lonely_3 Happiness
Exercise frequency 0.290%* 0.185 (0.362) 0.427 (0.450) | —0.043(0.222) | 0.376 (0.391) 0020 (0.227) 0.385 (0.396)
(0.109)
Lonely_1 —0.113 (0.083)
Lonely_2 —0.156***
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Lonely_3 —0.135*
0.072)
Constant 3934 4221 3369 1.547%% 4.085%* 1.802+* 4297**
(0.167) (0.237) (0.134) (0.221) (0.174) (0.196) (0.160)
Controls Yes Yes Yes Yes Yes Yes Yes
Observations 11725 1956 1954 1956 1954 1956 1954

*#, %% and *Indicate significance at the levels of 1, 5, and 10%, respectively. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables are
controlled in the regression, while No means not controlled. 2SLS refers to the Two-Stage Least Squares model. Columns (1) and (8) are the estimates using the instrumental variable approach
in above analysis, demonstrating the effect of exercise frequency on happiness. Columns (2), (4), (6), (9), (11), and (13) present the estimations of exercise participation on mediating variables
of physical health status, the frequency of suffering from health problems, depression, “Longly1”, “Lonely2” and “Lonely_3” respectively. Meanwhile, when both the explanatory and mediating
variables are included in the regressions, corresponding results are shown in columns (3), (5, (7), (10), (12), and (14).
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Model (1) 2SLS (2) 2sLS (3) 2SLS (4) 2SLS (5) 2SLS (6) 2SLS

Sample Male Female Youn%%r than Older than 40 Unmarried Married
Variable Happiness Happiness Happiness Happiness Happiness Happiness
Exercise frequency 0.292* (0.133) 0237 (0.151) 0287 (0.213) 0.306** (0.152) 0.331* (0.197) 0272** (0.132)
Constant 3629 (0.246) 4347 (0.185) 2935 (0.378) 2.870%* (0.230) 3.503%* (0.539) 4.364*** (0.180)
Controls Yes Yes Yes Yes Yes Yes
Observations 6258 5467 4248 7477 2263 9462
Model (7) 2SLS (8) 2SLS (9) 2SLS (10) 2SLS (11) 2SLS (12) 2SLS
Sample More Not owing Owning Lower social Higher social
depressed housing housing status status
assets assets
Variable Happiness Happiness Happiness Happiness Happiness
Exercise frequency 0.603 (0.793) 0.217** (0.090) 0.285* (0.170) 0.275* (0.139) 0.325% (0.171) 0.143 (0.119)
Constant 3.922*** (0.789) 3754 (0.171) 3.740°** (0.447) 4.188*** (0.202) 3.642°** (0.301) 4346"* (0.175)
Controls Yes Yes Yes Yes Yes Yes
Observations 3303 8411 4326 7386 5875 5783
Model (13) 2SLS (14) 2SLS (15) 2SLS 6) 2SLS (17) 2SLS (18) 2SLS
Sample Lower social ~ Higher social  Living in rural Living in Having no Having
capital level capital level areas urban areas pension pension
Variable Happiness Happiness Happiness Happiness Happiness Happiness
Exercise frequency 0.357** (0.124) 2.327 (12.137) 0.424** (0.188) 0.175 (0.197) 0.364** (0.182) 0252** (0.127)
Constant 3.874°* (0.207) 1.757 (12.320) 3778 (0.328) 3.877** (0.235) 4.041%* (0.337) 4.099*** (0.187)
Controls Yes Yes Yes Yes Yes Yes
Observations 9930 1771 8259 3466 3002 8723

**%,**, and *Indicate significance at the levels of 1, 5, and 10%, respectively. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables

are controlled in the regression, while No means not controlled. 2SLS refers to the Two-Stage Least Squares model. Columns (1-18) are the estimated results for different subsamples shown in
the “Sample” row.
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OPS/images/fpubh-11-1033157-t001.jpg
Model (1) 2SLS (2) 2SLS (3) 2SLS (4) 2SLS (5) 2SLs (6) 2SLS

Variable Happiness Happiness Happiness Happiness Happiness Happiness
Exercise frequency 0271 (0.042) | 0.255"* (0.043) 0.258** (0.048) 0.335%** (0.092) 0.267** (0.082) 0.290** (0.109)
Age —0.022"** (0.004) | —0.023** (0.005) | —0.024***(0.006) | —0.026"*(0.005) | —0.046"** (0.006)
Age_squared 0.000%** (0.000) 0.000%* (0.000) 0.000%* (0.000) 0.000%* (0.000) 0.000%** (0.000)
Whether female 0.079%** (0.022) 0.081%* (0.023) 0.097** (0.029) 0.094** (0.024) 0.085%** (0.026)
Education level 0.026 (0.041) 0.052 (0.039) 0.027 (0.034) 0.055 (0.038)
Whether migrants —0.053* (0.028) —0.068* (0.035) | —0.069** (0.032) —0.016 (0.034)
Whether Hukou in urban —0.138** (0.066) | —0.110"* (0.050) —0.087 (0.053)
Whether ethnic minorities 0.173** (0.059) 0.145"* (0.052) 0.176"** (0.055)
Whether religious believer —0.054 (0.048) —0.043 (0.045) —0.050 (0.050)
Whether CPC member 0.004 (0.069) 0.033 (0.055) —0.016 (0.066)
In_Income 0.010 (0.006) 0.007 (0.007)
Whether working in the system —0.002 (0.054) —0.013 (0.067)
Whether having pension 0.108*** (0.026) 0.070"* (0.028)
Whether having medical insurance 0.053 (0.047) 0.025 (0.048)
Whether married 0.249*** (0.033)
Family size 0.023*** (0.009)
Number of children 0.041°* (0.018)
Number of houses 0.064*** (0.017)
Year dummies No No No No No Yes
Province dummies No No No No No Yes
Constant 3.296"* (0.086) | 3.787*** (0.121) 3.803"* (0.117) 3708+ (0.165) 3670 (0.139) 3934 (0.167)
Observations 12507 12507 12468 12436 11804 11725

#4%5% and *Indicate significance at the levels of 1, 5, and 10%, respectively. The values in parentheses are standard errors robust to heteroskedasticity. Yes means the corresponding variables are
controlled in the regression, while No means not controlled. 2SLS refers to the Two-Stage Least Squares model. Column (1) presents the estimation result of exercise participation on happiness
without any control variables. Column (2) shows the estimation after adding the control variables of demographic characteristics. Column (3) further includes human capital and social identity
characteristics. Column (4) further controls working characteristics. Column (5) further includes the family characteristics. Column (6) further controls regional and time dummies.
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