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This paper uses a large scale and nationally representative dataset, Chinese
General Social Survey, to empirically examine the role of physical activity
in reducing the negative effects of depression among people with mental
disorders. Empirical results demonstrate that physical exercise could help to
alleviate depression’s adverse consequences on work and life for depressed
individuals. The impact mechanism is that physical activity may decrease the
severity of depression, enhance life satisfaction, improve mood, and make
people have a better sense of purpose and meaning in life. Therefore, from
the perspective of multidimensional subjective wellbeing, evaluative wellbeing,
experienced wellbeing and eudaimonic wellbeing all play mediating roles in the
reduction of depression’s adverse effects. Heterogeneity analysis shows that
there are no significant gender differences in the health benefits of physical
exercise, but its impact tends to be more prominent for depressed individuals
who are younger and higher educated, with better health status, and live in
urban areas. It is also found that socioeconomic status may play an important
moderating role. The health benefits of physical activity seem to be greater
for depressed people who have lower income, work in the secondary labor
market, and have lower levels of social capital and assets. In addition, the
instrumental variable approach is used to identify the causal impact of physical
activity, which further proves a significant effect of it based on tackling the
endogeneity problem. Meanwhile, this paper uses different explanatory and
explained variables, different statistical models, as well as machine learning and
placebo techniques to conduct robustness tests, all of which lend credence to
above findings.

physical activity, people with depression, health benefits, multidimensional subjective
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Introduction

Mental health awareness has taken hold over the recent
years and psychiatric health is widely regarded as important
as physical health (1). Depression is a typical manifestation
of mental disorders, decreasing people’s quality of life and
working ability. Studies have shown that depression is strongly
associated with lower life satisfaction, poorer overall health and
even higher risk of death (2-4). At the same time, those with
mental disorders are faced with more difficulties to obtain job
opportunities in the labor market, forcing them to accept lower
wages and thus bear greater financial burdens, which in turn
exacerbates depressive disorders (5). In addition, depression
brings about stigma to patients due to misconceptions in the
public. Such an effect not only causes them to feel humiliated,
but also drives them out of social contacts (6). Therefore,
effective treatment of depression is very essential for improving
people’s mental health and achieving the goal in the United
Nations’ 2030 Agenda for Sustainable Development, that is
“ensuring healthy lives and promoting wellbeing for all” (7).

Existing studies have examined the effectiveness of multiple
treatments for mental disorders, such as antidepressants (8),
psychotherapy (9, 10), and lifestyle improvement (3, 4).
Although medication is effective and necessary in many cases,
studies have shown that antidepressants bring about notable
side effects (11, 12). Therefore, it is necessary to explore
alternative solutions for the treatment of mental disorders.
In recent years, there has been growing interest in whether
physical activity contributes to the welfare of people with
depression. Physical activity is believed to have fewer side
effects and is widely accepted, with significant correlations with
both physical and mental health (13-19). In terms of mental
health, maintaining a regular exercise routine can improve
people’s healthy living habits and help them reduce emotional
exhaustion (15). Studies have shown a correlation between
physical activity and mental health, and that physical exercise
may reduce the risk of depression to some extent (20-22). In
terms of the duration of physical activity, research shows that 3-
5 times per week of moderate-intensity training is sufficient to
reduce depression levels (4, 23). In recent years, COVID-19 has
increased depressive disorders as people have less opportunity
to participate in exercise due to isolation and limited social
activities (16, 24). Existing studies have examined the effect of
physical exercise in impacting people’s health status during the
epidemic both psychologically and physiologically (17, 23). In
addition, it is found that team sports increase the frequency of
interpersonal interactions, which can have a positive effect on
mental health (18, 19). This echoes findings that physical activity
helps people effectively deal with negative emotions caused by
limited interactions (25). Furthermore, physical activity can
also improve people’s physical and cognitive abilities, thereby
improving their capability to cope with negative emotions
(26). Subjective wellbeing is also an important factor affecting
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mental health (27) and research has demonstrated that exercise
contributes to people’s wellbeing (28). The main reason for this
is the positive effect of exercise on body image (29), and this
conclusion holds for various types of physical activities (30).

In addition, existing studies have shown that there may
exist heterogeneities in the effects of physical activity across
different groups. As regards sociodemographic characteristics,
it is found that exercise’s effect is heterogeneous in terms of
gender and age (31, 32). For example, regular exercise is an
effective way to maintain a good psychological state and its
benefits are more prominent for older people (33). Among the
elderly, moderate exercise is very helpful in promoting mental
health (34, 35). In addition, women exhibit higher levels of
depression and therefore are more likely to gain health benefits
from regular exercises (17, 32). Compared to men’s preference
for vigorous exercise, women are more likely to engage in low-
intensity activities, such as walking, jogging and yoga (36). For
example, square dancing, which is widely practiced among older
people in China, can effectively reduce mental disorders (37).
In terms of personality traits, people with high self-efficacy are
generally more active in sports and mentally healthier (38). With
regards to occupational characteristics, it is found that jobs that
require long periods of sedentary work are more likely to cause
anxiety and depression in workers, and physical activity has a
more significant effect on them (39).

Compared with the existing research, the significance and
value of this paper are mainly reflected in three aspects. First,
this paper confirms the benefits of physical activity for people
with mental disorders. Existing studies indicate that there is
a correlation between physical activity and depression (20—
22), but systematic empirical tests are still needed concerning
whether exercise weakens the adverse effects of depression
on the life and work among people with mental disorders.
Specifically, the causal effect of physical activity awaits scientific
examination. Second, this paper detects the mechanisms by
which physical activity exerts its positive effect on people with
mental disorders from multidimensional wellbeing. In terms of
how exercises affect mental disorders, existing research suggests
the relationship between exercises and subjective wellbeing
(28-30), as well as associations between mental health and
wellness (27). However, it remains to be investigated whether
physical activity reduces the negative effects of depression
by improving people’s subjective wellbeing. Third, this paper
systematically examines the heterogeneity of benefits brought by
physical activity. Literature demonstrates variations in exercise
habits among people with different characteristics (31-39), but
it is unclear whether there also exist heterogeneities in the
health benefits of physical activity. Based on this, this paper
systematically examines whether physical exercise brings health
benefits to people with depressive disorders using a large-scale
representative micro dataset in China, and conducts mechanism
analysis from the perspective of multidimensional subjective
wellbeing. In addition, this research deals with endogeneity to
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test causality using the instrumental variable approach, and
conducts heterogeneity analysis as well as robustness checks in
multiple aspects.

Materials, measures, and methods

Data source

Data used in this research is the Chinese General Social
Survey (CGSS) from 2017 to 2018, which is one of the most
important national microdata in China. CGSS is in the
world General Social Survey family, mainly carried out by
Renmin University of China. CGSS aims to systematically
and comprehensively reflect living conditions of Chinese
people. Detailed information of CGSS is provided in
Supplementary materials and can also be accessed through
http://cgss.ruc.edu.cn/English/Home.htm. The reasons for
using CGSS in this paper are mainly due to three aspects.
First, CGSS asks respondents whether they are depressed
and the extent to which depression adversely affects their
lives and work. It also comprehensively contains factors
relevant to mental health discussed in the existing literature.
This not only enables us to construct control variables, but
also facilitates an in-depth heterogeneity analysis. Second,
CGSS examines people’s exercise habits, which facilitates the
construction of explanatory variables for this study. Third,
CGSS includes different dimensions of people’s subjective
wellbeing in the extension module including evaluative
wellbeing, experienced wellbeing and eudaimonic wellbeing.
This allows us to systematically examine physical activity’s
impact mechanisms from the perspective of multidimensional
subjective wellbeing.

Measures

Participants of this research are those who report that
they suffer from depressive disorders in CGSS. The main
explained variable is the extent to which people’s life and
work are negatively affected by depression, denoted as
Problem_depression. This variable is based on the Likert
scale to classify the severity of depressive disorders, where
points from 1 to 5 represent depression never, seldom,
sometimes, often and always exerting negative effects on their
life and work. The explanatory variable in this paper is the
frequency of participating in physical activity, denoted as
Physical_activity. This variable comes from the question: “In
the past 12 months, how many times did you usually engage
in physical activity that lasts at least 30 min and makes you
sweat per week?”.

Based on literature concerning depressive disorders and
its consequences on people’s lives and work (1-3, 6, 10,
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15), in order to avoid the omitted variable bias, this
paper comprehensively controls factors related to effects of
depression, including variables of demographic characteristics,
human capital characteristics, social characteristics, working
characteristics, family characteristics, and regional and time
characteristics. (1) Demographic characteristics include age,
the squared term of age and gender. (2) Human capital
characteristics include educational level and whether the
respondent is a migrant. (3) Social characteristics include
whether her/his Hukou® is in urban, whether being ethnic
minorities, whether having religious beliefs and whether being
the Communist Party of China (CPC) member. (4) Working
characteristics include personal income, whether working in the

system?

and whether having pension and medical insurance.
(5) Family characteristics include marital status, family size,
number of children and number of housing assets. (6) Regional
and time features include provincial and year dummies. The
descriptive statistics results of above variables are shown in

Supplementary Table 1.

Methods

Because the explained variable, which is the extent to which
life and work are adversely affected by depression, is an ordered
variable, we use the Ordered Probit model to conduct regression.
Specifically, based on Problem_depression;, the sample is divided
into 5 different groups. Groups ¢ = 1 to 5 represent those
whose life and work are never, seldom, sometimes, often
and always negatively affected by depression, respectively. The
probability of a given observation i for the Ordered Probit
model pg;j is

Pgi Pr (Problem_depression; = g) = Pr (ngl <a

+

BPhysical_activity; + x;)/—i—s,' =< Xg)

®(xg — a — BPhysical_activity; — x;y) — ®(xg—1

a — PPhysical_activity; — x;y)

where Problem_depression; and Physical_activity; are the
dependent and explanatory variables, x; is a vector of
controls introduced above, xg is —o0, x5 is +00 and ®(-)

is the standard normal cumulative distribution function.

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-of-system jobs, in-system jobs bring better
social security and additional hidden benefits. Therefore, in-system is

traditionally regarded as the primary labor market in China, while out-

of-system means the secondary labor market.
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Accordingly, the log likelihood of the maximum likelihood
estimation (MLE) is

N 5

InL = Z Z Ig(Problem_depression;) In pg;
i=1g=1

where Ig (Problem_depressioni) =
1, if Problem_depression; = g
0, if Problem_depression; # g
Based on this, 8 and y are estimated by maxInL. The data

and N is the sample size.

analysis software used in this paper is Stata 17.0.

Results

Benchmark results

Table 1 shows the regression results by the above Ordered
Probit model. Column (1) is the estimation without including
any control variables, showing that Physical_activity is
significantly and negatively correlated with Problem_depression.
In Columns (2)-(6), control variables of demographic

characteristics, =~ human  capital  characteristics,  social
characteristics, working characteristics, family characteristics,
and regional and time characteristics are sequentially added
into the regressions. Results demonstrate that the estimated
coefficients of physical activity are significantly negative at
the 1% level in all regressions. It means that for people with
mental disorders, the higher the frequency of physical exercise,
the less their work and daily life are adversely affected by
depression problems. In addition, the estimated coefficient of
physical activity decreases slightly but remains very stable as
different aspects of characteristics are controlled. This shows
that the significant relationship between Physical_activity and
Problem_depression can hardly be affected by other factors and
is very robust. The estimates of control variables are basically
in line with theoretical expectations and are consistent with the
existing research. In terms of gender, women are more likely to
suffer from depression in their work and life, consistent with
findings in Lyttelton et al. (40). The estimated coefficient of the
squared term of age is significantly negative, while that of age is
positive. This implies an upward trend in depression symptoms
as people get older and a negative relationship after a turning
point (41, 42). In terms of working characteristics, lower income
level and inadequate social security will increase the adverse
impacts of mental disorders. In addition, married individuals
have lower levels of depression, especially among those with
higher marital quality (43, 44). Raising children requires people
to bear more time and financial costs, so the greater the number
of children, the more prominent the problems in terms of

mental disorders (45).
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Mechanism analysis

Studies have shown that physical activity helps to increase
people’s enthusiasm for life and improve their subjective
wellbeing (28-30). The question naturally arises that whether
physical exercise reduces the extent to which people suffer from
depression by reducing the severity of depression and improving
the subjective wellbeing. To test this hypothesis, firstly, we use
respondents’ answers to the question “To what extent do you feel
depressed?” to characterize the severity of depression to conduct
the mechanism analysis. Responses to this question include
“not depressed,” “mildly depressed,” “moderately depressed,”
“very depressed” and “severely depressed.” Second, based on
the measures of multidimensional subjective wellbeing in the
existing literature (46-48), we test the mediating roles of
evaluation wellbeing (life satisfaction), experienced wellbeing
(the emotions that people experience in their lives) and
eudaimonic wellbeing (sense of purpose and meaning in
life). The variable of Evaluative wellbeing comes from the
respondents’ degree of agreement on “In general, how are you
satisfied with your life?”. Experienced wellbeing_1, Experienced
wellbeing 2 and Experienced wellbeing 3 come from the
respondents’ degree of agreement on “I feel that the society is
providing more and more opportunities for people to develop

» o«

themselves,” “I am content with my life compared to others
around me” and “I am satisfied with my family’s income
level, respectively. Furthermore, Eudaimonic wellbeing 1 ,
Eudaimonic wellbeing 2 and Eudaimonic wellbeing 3 come
from the respondents’ degree of agreement on “I have goals

»

in life and they motivate me to live better; “I am currently
doing my best to pursue my goals in life” and “When things are
uncertain, I usually expect them to go in the good direction”
respectively. These questions are all based on the 5-Point
Likert Scale, with higher values representing higher levels of
wellbeing. The Cronbach’s Alpha for the multidimensional
sub-scales of subjective wellbeing is 0.891, indicating good
internal consistency.

Results of the mechanism analysis using above variables
are shown in Table 2. Column (1) demonstrates that physical
activity helps reduce the severity of depression among people
with mental disorders. Besides, other odd-numbered columns in
Table 2 display that physical exercise has a significant positive
effect on depressed individuals subjective wellbeing in all of
the three dimensions. This means that the more frequently
they participate in exercises, the higher their wellness will
be, including the evaluative wellbeing, experienced wellbeing
and eudaimonic wellbeing. Specifically, it is demonstrated that
exercises help to increase the life satisfaction of people with
depressive disorders, improving emotions in their lives and
helping them have a better sense of purpose and meaning
in life. Results of even-numbered columns in Table 2 show
that when the mediators are included in the regressions, their
estimated coefficients are all significantly positive at the 1% level.
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TABLE 1 Benchmark regression results.

Model (1) Oprobit (2) Oprobit (3) Oprobit (4) Oprobit (5) Oprobit (6) Oprobit (7) Oprobit
Variable Problem_ Problem_ Problem_ Problem_ Problem_ Problem_ Problem_
depression depression depression depression depression depression depression

Physical_ activity

Age

Age_squared

Whether female
Education level
Whether migrants
Whether Hukou in
urban

Whether ethnic
minorities

Whether religious
believer

Whether CPC member
In_Income

Whether working in the
system

Whether having pension
Whether having medical
insurance

Whether married
Family size

Number of children
Number of houses

Year dummies

Province dummies
Observations

Pseudo R?

—0.042*** (0.003)

No
No
17,840
0.005

—0.042*** (0.003)
0.039*** (0.003)
—0.000*** (0.000)
0.114*** (0.016)

No
No
17,840
0.058

—0.040*** (0.003)
0.032*** (0.003)
—0.000*** (0.000)
0.112*** (0.016)
—0.177*** (0.029)
—0.245%** (0.026)

No
No
17,786
0.061

—0.034*** (0.003)
0.032*** (0.003)
—0.000*** (0.000)
0.100*** (0.016)
—0.027 (0.031)
—0.239*** (0.026)
—0.236*** (0.018)

0.145% (0.032)

—0.054% (0.028)

—0.192*** (0.030)

No
No
17,740
0.066

—0.033*** (0.003)
0.038*** (0.003)
—0.000*** (0.000)
0.061*** (0.017)
—0.002 (0.033)
—0.219*** (0.028)
—0.184*** (0.019)

0.143% (0.033)

—0.050* (0.029)

—0.155*** (0.031)
—0.028*** (0.002)
0.003 (0.038)

—0.048** (0.021)
0.061* (0.035)

No
No
16,721
0.068

—0.033*** (0.003)
0.045*** (0.003)
—0.000*** (0.000)
0.056*** (0.017)
0.005 (0.034)
—0.232***(0.028)
—0.183*** (0.020)

0.142%° (0.033)

—0.047 (0.029)

—0.135%** (0.031)
—0.028*** (0.002)
0.003 (0.038)

—0.040* (0.021)
0.087** (0.036)

—0.115%** (0.022)
—0.028*** (0.006)
0.027*** (0.008)
—0.089*** (0.015)
No
No
16,559
0.070

—0.031*** (0.003)
0.042*** (0.003)
—0.000*** (0.000)
0.075*** (0.018)
0.047 (0.034)
—0.127***(0.030)
—0.111*%*(0.021)

0.061 (0.038)

0.012 (0.030)

—0.130*** (0.031)
—0.024*** (0.002)
—0.010 (0.039)

—0.010 (0.021)
0.071** (0.036)

—0.112*%* (0.023)
—0.027*%* (0.006)
0.017** (0.008)
—0.075** (0.015)

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.

%, #%, and * indicate significance at the levels of 1, 5, and 10%, respectively.
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TABLE 2 Mechanism analysis.

Model (1)Oprobit (2)Oprobit (3)Oprobit (4)Oprobit (5)Oprobit (6)Oprobit (7)Oprobit (8)Oprobit
Variable Depression Problem_ Evaluative Problem_ Experienced Problem_ Experienced Problem_
depression wellbeing depression wellbeing 1 depression wellbeing 2 depression

Physical_ activity —0.018*** (0.003) —0.027%** (0.003) 0.025*** (0.008) —0.037%** (0.008) 0.015** (0.007) —0.038*** (0.1008) 0.036*** (0.007) —0.035*** (0.008)

Depression 0.452%%% (0.013)

Evaluative wellbeing —0.194*%% (0.026)

Experienced wellbeing_1 —0.047** (0.024)

Experienced wellbeing 2 —0.057** (0.023)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Observations 16,579 16,559 2,734 2731 2,678 2,675 2,681 2,678

Pseudo R 2 0.028 0.111 0.039 0.107 0.027 0.101 0.029 0.101

Model (9) Oprobit (10) Oprobit (11) Oprobit (12) Oprobit (13) Oprobit (14) Oprobit (15) Oprobit (16)Oprobit

Variable Experienced Problem_ Eudaimonic Problem_ Eudaimonic Problem_ Eudaimonic Problem_
wellbeing_3 depression wellbeing_1 depression wellbeing_2 depression wellbeing_3 depression

Physical_ activity 0.045%* (0.007) —0.034*% (0.008) 0.024** (0.007) —0.036*** (0.008) 0.036** (0.007) —0.035%** (0.008) 0.019%* (0.007) —0.039%* (0.008)

Experienced wellbeing 3 —0.107%%* (0.018)

Eudaimonic wellbeing 1 —0.108*** (0.024)

Eudaimonic wellbeing 2 —0.050*** (0.016)

Eudaimonic wellbeing_3 —0.068** (0.033)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Observations 2,707 2,704 2,643 2,640 2,626 2,623 2,710 2,707

Pseudo R? 0.041 0.104 0.030 0.103 0.061 0.102 0.039 0.101

***and ** indicate significance at the levels of 1, 5, and 10%, respectively.
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This suggests that multidimensional subjective wellbeing plays
a mediating role in the health benefits of exercise for people
with depression. Therefore, participation in physical activity
alleviates the adverse effects of mental disorders on life and work
by both decreasing depression levels and increasing people’s
subjective wellbeing. It is worth pointing out that the sample size
is smaller in the regressions testing multidimensional subjective
wellbeing since relevant questions come from the extension
module, where only some of the randomly selected respondents
are asked to answer questions therein. Despite the sample loss,
it is obvious that all of these mechanism analysis results are
significant and the conclusions are robust.

Heterogeneities analysis

In order to further examine the heterogeneous effects
of Physical_activity, we conduct moderating effects analysis
in multiple aspects. Regression results are shown in Table 3.
Here we primarily focus on the estimated coefficients of the
interactions between the moderating variables and physical
activity. If the interaction term’s estimate is significantly
negative, it means that the moderator would increase the health
benefits of physical exercise in reducing depression’s adverse
effect. Otherwise, the opposite result would mean that the factor
reduces physical activity’s impact.

First, we examine the heterogeneities in terms of two
demographic characteristics, which are gender and age. With
regard to gender, results in column (1) of Table 3 show that
the interaction term between gender and physical exercise is
not significant, meaning that there is no obvious difference
in Physical_activity’s role to lower Problem_depression for
men and women. In respect of age, column (2) of Table 3
demonstrates that if the depressed individuals are under the age
of 50, the effect of physical activity on reducing depression’s
consequences is more prominent. This may be due to the
fact that younger individuals are more physically active and
more likely to engage in physical activities with higher intensity
and longer duration. Therefore, the health benefits of physical
exercise for younger depressed people are more prominent.
Furthermore, columns (3) and (4) show that, in terms of
human capital characteristics, the interaction terms of both
education level and health status with Physical_activity are
significantly positive®. This demonstrates that rewards from
exercise are greater for those with higher levels of human

3 The education level is classified from 1 to 13: 1-without any
education, 2-kindergarten, 3-primary school, 4-junior high school, 5-
vocational high school, 6-ordinary high school, 7-techinical secondary
school, 8-technical high school, 9-junior college (adult education), 10-
junior college (regular education), 11-undergraduate (adult education),
12-undergraduate (regular education), 13-postgraduate and above.

Health status is based on the self-rated health levels from 1 to 5: 1-very
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capital. In addition, regarding social characteristics, column (5)
shows that the health benefits of physical activity are greater for
depressed residents in urban areas, which is consistent with the
theoretical expectations because there are more sports venues
and better sports infrastructure in urban areas. Thus, compared
with their rural counterparts, urban residents have more access
to professional physical exercises, which is more helpful to
reduce the adverse effects of depression on their life and work.
However, results in columns (6) and (7) indicate that whether
the individuals are religious believers and whether they belong
to ethnic minorities do not alter physical activity’s benefits.

It is also found that socioeconomic status plays an
important moderating role in the relationship between
Physical_activity — and  Problem_depression.  Specifically,
we examine the heterogeneities in aspects of income, job
characteristics, social capital, assets, and social security among
depressed individuals. First, results in column (8) of Table 3
show that physical activity alleviates the negative effects caused
by depression in the lower-income subgroup more prominently.
Besides, working in-system in China refers to having jobs in
Communist Party of China organizations, governments and
state-owned corporations. Working in these sectors is perceived
as having higher social status and social capital. Therefore,
in-system work is traditionally regarded as the primary labor
market in China, while out-of-system means the secondary
labor market. We conduct heterogeneity analysis from the
perspective of social status according to this employment
characteristic. Meanwhile, we use respondents’ answers to
“how often you use your work to help your family and friends”
(ranging from 1 to 5) as an indicator of social capital. Results of
columns (9) and (10) demonstrate that for depressed individuals
who work outside the system and whose social capital is lower,
the role of physical activity in reducing depression’s detrimental
effects is more pronounced. In addition, columns (11) and
(12) indicate that the effect of exercise is greater for depressed
people not owning cars and commercial medical insurance.
Overall, heterogeneity analysis in terms of socioeconomic status
reveals that for depressed individuals with lower socioeconomic
status, Physical_activity has a greater effect in reducing
Problom_depression. The reason behind it may be attributed
to the fact that the negative impact of depression on work and
life is significantly higher for groups with lower socioeconomic
status. For example, the averages of Problom_depression among
depressed respondents with lower incomes and working
outside the system are, respectively, 2.49 and 2.13, which are
significantly higher than their counterparts, which are 1.86 and
1.62, respectively. Therefore, the health benefits gained from
physical activity for them tend to be greater.

unhealthy, 2-relatively unhealthy, 3-medium, 4-relatively healthy, 5-very
healthy.
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TABLE 3 Heterogeneities analysis.

Model (1) Oprobit (2) Oprobit (3) Oprobit
Moderator Whether Whether Education
variable female younger than level

50

Interaction between

physical_activity and

moderator
Physical activity —0.031%** (0.004) —0.045%** (0.004) —0.039*** (0.005)
Moderator variable 0.072%%* (0.021) —0.617°*% (0.024) —0.030*** (0.005)
Other controls Yes Yes Yes
Observations 16,559 16,559 16,559
Pseudo R? 0.080 0.070 0.080
Model (7) Oprobit (8) Oprobit (9) Oprobit
Moderator Whether In_Family_ Whether
variable ethnic income working in the
minorities system
Interaction between —0.017 (0.013) 0.003** (0.001) 0.023** (0.010)

physical_activity and

moderator
Physical activity

Moderator variable

0.002 (0.006)

—0.029*%* (0.003)
0.088** (0.043)

0.033*** (0.006)

—0.060*** (0.015)
—0.057*** (0.005)

0.002** (0.001)

—0.033*** (0.003)
—0.147*** (0.041)

Other controls Yes Yes Yes
Observations 16,559 15,843 16,559
Pseudo R? 0.080 0.080 0.080

(4) Oprobit
Health
condition

0.017*** (0.003)

—0.072*** (0.010)
—0.725%** (0.012)
Yes
16,554
0.190

(10) Oprobit
Social capital

0.019%* (0.004)

—0.056*** (0.006)
—0.073*** (0.017)
Yes
16,537
0.080

10.3389/fpsyt.2022.1050208

(5) Oprobit
Whether
Hukou in

urban

—0.013** (0.006)

—0.024*** (0.004)
—0.116*** (0.024)
Yes
16,559
0.080

(11) Oprobit
Whether
owning cars

0.021** (0.006)

—0.036*** (0.004)
—0.194*** (0.026)
Yes
16,547
0.080

(6) Oprobit
Whether
religious
believer

—0.013 (0.010)

—0.029*** (0.003)
0.039 (0.036)
Yes
16,559
0.080

(12) Oprobit
Whether
having
commercial
medical

insurance

0.027%* (0.010)

—0.033*** (0.003)
—0.169*** (0.040)
Yes
16,452
0.080

Other controls include all the controls other than the moderator variable. In column (8), personal income is not controlled to avoid multicollinearity as family income is controlled as the

moderator variable.
*** and ** indicate significance at the levels of 1, 5, and 10%, respectively.

Dealing with endogeneity

To examine the causal effect of physical activity on reducing
the adverse effect of depression for people with mental disorders,
this paper uses the instrumental variable method to tackle the
endogeneity problem. Specifically, we construct the following
two-stage least squares (2SLS) statistical model, applying the
degree of automation’s replacement of tasks in work as the
instrumental variable.

!
Physical_activity; = yo + y1Automation; + xillfl + M,-l
A !
Problem_depression; = &g + &1Physical_activity; + xil/fz

2
+ My

In the model, x; is a vector of a set of control variables

described above. Automation; is the automation indicator,

which is the instrumental variable constructed by Mihaylov and

Tijden (49). This measure is the extent to which the tasks in
individual i’s occupation are replaced by automation. The higher
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this index, the fewer time people need to spend in working (50)
and thus the more time they can participate in sports. Therefore,
this instrumental variable satisfies the correlation prerequisite.
Statistical tests on this are shown in Supplementary Table 2.
Furthermore, automation depends on exogenous technology
change, independent of the micro individual’s personal
characteristics. Consequently, this instrumental variable
meets the requirement of exogeneity. Regression results
are shown in Table 4, and due to space limitations the full
table of estimations is shown in Supplementary Table 3. It
is noted that 2SLS estimates with the instrumental variable
are basically consistent with that of benchmark regressions.
With gradually adding different characteristics, estimated
coeflicients of physical activity are all significantly negative at
the 1% level. This means that the health benefits of physical
activity for depressed people are not subject to endogeneity
problems. Results using other IV approaches demonstrate
consistent findings with that applying 2SLS and are provided

in Supplementary Table 4.
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Demographic

characteristics

>

>

Z

Human capital

characteristics

Ll B e

oo Z A

o ZZ Z

= Z Z Z Z

Z Z Z Z Z

Z Z Z Z Z

Social characteristics

Working characteristics

Family characteristics

Year dummies

Province dummies

1.990%** (0.219) 2.004** (0.205) 2.074%* (0.256) 2,057 (0.211) 2.024%* (0.220) 1.690%** (0.237)

3.759%* (0.219)

Constant

8964 8934 8916 8460 8406 8406

8964

Observations

*** indicate significance at the levels of 1, 5, and 10%, respectively.
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Robustness checks

We examine the robustness of physical activity’s role in
reducing the negative effects of depression among depressed
individuals in the following five ways. First, we use the dummy
variable representing “whether the life and work are often or
frequently affected by depression” as the explained variable.
This indicator is corresponding to Problem_depression from
the same question in CGSS. Supplementary Table 5 shows that
when this variable is used to characterize depression’s adverse
impacts, the estimated coeflicients of physical exercise are
also significantly negative at the 1% level, further proving the
robustness of findings in the benchmark analysis. Second, we use
a dummy variable “whether doing physical exercise per week”
as the explanatory variable. Results of Supplementary Table 6
demonstrate that when using this indicator to reflect people’s
physical activity habits, it is also proved that exercise has a
significant impact in reducing the adverse effects of depression.
Third, we perform regressions using other statistical models,
including the Ordinary Least Squares (OLS) and the Ordered
Logit (Ologit) model. Supplementary Tables 7, 8 indicate that
regardless of which model is applied and which variables are
controlled in the regression, estimates of physical activity are all
significantly negative at the 1% level.

Fourth, we further examine the explanatory power of
physical activity on the explained variables using the machine
learning method. Results in Supplementary Table 9 show
that in all penalized machine learning models, physical
activity consistently serves as the key indicator for predicting
the explained variables. In Supplementary Figures 1,2, the
coefficients paths of independent variables illustrate that the
explanatory power of physical activity is very robust. Fifth,
we perform a placebo analysis of the results. Specifically, we
randomly reallocate the Physical_activity variable in the sample
and perform regressions using the generated new sample.
Supplementary Figure 3 exhibits that estimates of physical
activity in 1,000 such kind of new samples are all greater than
that in the benchmark regression. Besides, their mean value is
close to 0 and almost all the corresponding P-values are >0.1.
This further proves that results in this paper are not affected by
endogeneity caused by omitted random factors.

Conclusion and discussion

This paper empirically investigates the role of physical
activity in reducing the negative effects of depression among
people with mental disorders. Empirical results show that
physical exercise can help to mitigate depression’s adverse
consequences on work and life for depressed individuals.
We find that the mechanism of this effect is that physical
activity helps to reduce the severity of depression, enhance life
satisfaction, improve mood, and make people have a better
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sense of purpose and meaning in life. Consequently, from the
perspective of multidimensional subjective wellbeing, evaluative
wellbeing, experienced wellbeing and eudaimonic wellbeing
play mediating roles in the reduction of depression’s adverse
effects. Heterogeneity analysis shows that there are no significant
gender differences in the health benefits of physical exercise,
but the positive impact is more prominent for people with
mental disorders who are younger and higher educated, with
better health status, and live in urban areas. We also find that
socioeconomic status plays an important moderating role. The
health benefits of physical activity are greater for depressed
people who have lower income, work in the secondary labor
market, and have lower levels of social capital and assets.
In addition, the instrumental variable approach is applied to
identify the causal impact of physical activity, which further
proves a significant effect of it based on tackling the endogeneity
problem. Meanwhile, this paper uses different explanatory and
explained variables, different regression models, as well as
machine learning and placebo techniques to conduct robustness
tests, all of which lend credence to above findings.

This study confirms the positive impact of physical activity
on people with mental disorders. The existing research has
generally discussed the relationship between physical exercise
and mental health. For example, studies based on adolescents
have found that physical exercise can alleviate depression caused
by interpersonal problems (25), and higher levels of exercise
have a positive effect on mental health (19, 26). At the same
time, other studies have found that exercises help to reduce the
frequency of smoking and develop a lifestyle conducive to both
physical and mental health (15). When people are physically
inactive, they are more likely to have physical diseases as well
as psychological disorders (16, 17, 20). For example, because
people worked at home for a long time during the COVID-
19 epidemic, physical constraints of space reduce the exercise
frequency and increase negative emotions as a result (40, 51).
In addition, physical exercise can improve people’s sense of
happiness (28, 29). Research has also found that a healthy
lifestyle brought by physical activities can help reduce the decline
in abilities caused by aging (52). Regular exercise reduces the
morbidity and improves the quality of life (53). However, it
remains to be tested whether physical activity helps to improve
the wellbeing of individuals already suffering from depression.
Therefore, this paper extends the research on the relationship
between exercise and mental health in the existing literature,
demonstrating that it plays an important and positive role in
alleviating depression’s adverse effects on the work and life
among depressed individuals. The more depressed individuals
participate in physical activities, the less frequently they suffer
from depression problems. This conclusion is robust to different
explanatory and explained variables, various regression models,
as well as machine learning and placebo tests.

In addition, as a typical manifestation of mental disorders,
depression is strongly associated with lower living satisfaction,
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poorer overall health and even higher risk of death (2-4).
Higher levels of recreational physical activity can help improve
people’s physical fitness and happiness in life (54). It is also
found that lower levels of exercise frequency increase people’s
psychological distress (21, 22). In this paper, we support and
expand the conclusion that exercises can reduce the mental
burdens by reducing the severity of depression among those
suffering from mental disorders. At the same time, based on
the classification of subjective wellbeing in existing literature
(46-48), this paper deepens the research on this issue. We
further discover the mechanism of multidimensional subjective
wellbeing in physical activity’s impact on mental disorders.
Specifically, this study reveals that exercises can reduce the
negative effects of depression on peoples work and life by
enhancing life satisfaction, improving mood, and making
them have a better sense of purpose and meaning in life.
Depression and happiness are the two most important opposite
emotions (55), and this paper demonstrates that exercises can
reduce the negative effects of mental disorders by improving
people’s happiness.

At the same time, compared with previous studies that
support the positive effects of exercises (19, 25, 26, 28, 29), we
further systematically examine the heterogeneities in physical
activity’s benefits among different subgroups. Heterogeneity
analysis shows that there is no significant gender difference
in the health benefits of physical exercise, but its impact is
more prominent for people with mental disorders who are
younger and higher educated, with better health status, and live
in urban areas. We also find that socioeconomic status plays
an important moderating role. The health benefits of physical
activity are greater for depressed people who have lower income,
work in the secondary labor market, and have lower levels of
social capital and assets. These findings not only enrich our
understanding of the positive effects of physical activity, but
also help us to better target our recommendations to specific
subgroups to reduce depression’s consequences on their work
and life.

This research has important clinical implications for
applying physical exercise to alleviate the adverse effects of
depression on people’s life and work. First, this paper proves
the important role of physical activity in reducing depression
levels and increasing the sense of wellbeing among people
with mental disorders. This implies that the health benefits of
exercise should be emphasized in clinical practice in addition to
conventional treatment measures, such as antidepressants and
psychotherapy. Second, the heterogeneity analysis results have
important implications. For example, depressed patients who
are younger, higher educated, in better physical condition, and
with lower socioeconomic status should be advised more to gain
greater health benefits from physical activity. The shortcomings
of this paper mainly include two aspects. First, this paper
uses the instrumental variable method to solve the endogeneity
problem. Because this instrumental variable is only available
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for individuals with jobs, this approach results in sample
loss. Therefore, randomized controlled experiments would be
a better way to deal with endogeneity. Second, this paper
uses a cross-sectional dataset, which is not as advantageous
as longitudinal data in controlling individual fixed effects.
Therefore, conducting randomized controlled experiments on
physical activity among those with depression would be a very
valuable research direction.
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