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Large-scale data reveal disparate associations
between leisure time physical activity patterns and

mental health

Ying Zhou'3, Chenshuang Li'3, Wei Wang'2® & Lieyun Ding'™

Abstract

Background Leisure time physical activity (LTPA) is known to be associated with a lower risk
for mental health burden, while whether the underlying mechanisms vary across populations
is unknown. We aimed to explore the disparate associations between LTPA and mental
health based on large-scale data.

Methods In this study, we analyzed data including 711,759 individuals aged 15 years or above
from the latest four rounds (2003, 2008, 2013, and 2018) of the National Health Service
Survey (NHSS) in China. We used multiple logistic regression models adjusted for potential
confounders to investigate associations between LTPA and mental health in the total
population and subgroups by measuring a diverse set of activity frequencies, intensities, and
types. To examine the dose-response associations between total activity volume and mental
health, we conducted restricted cubic splines to investigate possible nonlinearity.

Results LTPA was associated with remarkably lower self-reported mental health burden (OR
0.56, 95% Cl 0.54-0.58). The dose-response relationship between total activity volume and
mental health was highly nonlinear (p <0.001), presenting L-shaped with first 1200 meta-
bolic equivalents of task (METs)-min/week for significant risk reduction (OR 0.58, 95% ClI
0.56-0.60). Notably, merely exercising 3-5 times per week with moderate swimming was
significantly associated with lower mental health burden among younger people, while the
association was strongly large in older adults aged 60 years or above doing 55-min moderate
apparatus exercise at least six times a week.

Conclusions In a large Chinese sample, LTPA was meaningfully and disparately associated
with mental health burden across different people. Policy targeted at prompting activity may
be effective for reducing mental health burden, but importantly, tailored strategies are needed
based on population contexts.

Plain language summary

Physical activity that is undertaken as
a leisure activity is known to be
It is

unclear whether the reasons for this

beneficial for mental health.

vary across different populations. We
studied more than 700,000 people
living across China. We found that
the frequency, duration, type, and
intensity of physical leisure activity
and their association with a person'’s
mental health vary depending on
gender, age, lifestyle and presence of
chronic disease conditions. The best
mental health was found in those
who did not exercise a lot or very
little. Notably, exercising 3-5 times
per week by swimming at a moderate
pace was significantly associated
with health burden
among younger people, whilst for

lower mental

those aged over 60 it was most
beneficial to do 55-min moderate
apparatus exercise at least six times a
study highlights that
prompting activity may be effective

week. Our

for reducing mental health burden
and that guidance should be specific
for particular age groups.
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nearly 13% worldwide, which contributes to poor health

outcomes and large economic losses!=3. The outbreak of the
COVID-19 pandemic has further exacerbated many determinants
of poor mental health, such as depressive and anxiety
disorders*-8. Leisure time physical activity (LTPA) as a low-cost
approach has been proven to have positive effects on mental
health benefits to help reduce depression, anxiety, and emotional
problems®~17,

However, evidence to date on LTPA and mental health provided
conflicting results!>~17. It has been advocated in some studies that a
higher activity level is better'>16, while some studies suggested
negative psychological effects from a high level of activity!”. These
conflicting results might be potentially attributed to the use of non-
representative or small samples, limited study populations and
differences in assessments!>~17. Moreover, although the dose-
response association was widely recognized in activity and
mortality!8-29, none of the current studies have robustly examined
the dose-response association between total activity volume and
mental health. Usually, activity assessment using binary categor-
ization (low vs high) leads to a loss of information and the variation
in mental health risk across a range of activity doses is unknown!4.
Additionally, there is limited evidence on the relationships between
specific activity features such as frequency, duration, intensity, and
types and mental health. It is still unclear how these associations
vary across a range of frequencies or durations and different
intensities or types. Third, because of the specificity and hetero-
geneity of different people!2], the association between different
activity forms and mental health can vary across populations.
Identifying what format of activity will best benefit specific people
with mental health problems can inform making personalized
recommendations and help develop and implement cost-effective
interventions. Therefore, considering these critical research gaps,
there is a pressing need to understand the disparate associations
between a diverse set of activity features and mental health burden
across various individuals.

In this article, we contribute to the research literature on mental
health and physical exercise by analyzing the large-scale sample of
711,759 Chinese individuals. Mental health burden considered in
our study includes several types of conditions such as stress,
depression, and problems with emotions. We provided a com-
prehensive examine of the association between LTPA and mental
health burden, including quantifying the dose-response relation-
ship, measuring patterns of activity for a diverse set of frequencies,
durations, intensities, and types, and further identifying best
activity patterns for various people related to lower mental health
burden. This study constitutes the largest study of its kind to date,
which would be important for informing stakeholders to develop
cost-effective strategies. In our study, we found that associations
between frequency, duration, type, and intensity of LTPA and
mental health vary in populations across gender, age, lifestyle
behaviors, and chronic disease conditions. The dose-response
relationship between total activity volume and mental health was
highly nonlinear and presented L-shaped with a threshold of 1200
metabolic equivalents of task (MET)-min of activity a week.
Notably, exercising 3-5 times per week with moderate swimming
was significantly associated with lower mental health burden
among younger people, while the association was strongly large in
older adults aged 60 years or above doing 55-min moderate
apparatus exercise at least six times a week.

I n the last decade, the mental health burden has increased by

Methods

Study design and dataset description. Our analyses are based on
the latest four rounds (2003, 2008, 2013, and 2018) of the
National Health Services Survey (NHSS) (Supplementary

Methods and Supplementary Fig. 1). The NHSS was carried out
by the National Health Commission (NHC) of the People’s
Republic of China covering all 31 provinces, autonomous regions,
and municipalities in the mainland of China, using multistage
stratified cluster sampling method (Supplementary Methods and
Supplementary Fig. 1)2223. The institutional review board of the
Chinese National Bureau of Statistics provided approval of the
survey. Individuals aged 15 years or above were eligible for the
survey and oral consent was obtained from all respondents before
the interview. The previous report has presented the interview
procedures of NHSS in detail?>23, Based on a structured ques-
tionnaire, face-to-face interviews were conducted by local trained
healthcare workers including information about participants’
demographic, socioeconomic, lifestyle behaviors (e.g., alcohol
consumption, smoking, and LTPA), and health conditions
(Supplementary Data 1). More details of the study design and
data collection process can be seen in Supplementary Information
(Supplementary Methods, Supplementary Figs. 1 and 2).

Outcome variable. Following previous research in the measure-
ment of mental health burden!”, we defined mental health burden
as an assessment protocol for experience of probable problems in
mental health in the past 30 days in NHSS. Mental health burden
was measured with participants’ self-report question: “Now
thinking about your mental health, which includes stress,
depression, anxiety, and problems with emotions, whether you
have these problems during the past 30 days was your mental
health not good? (no problems, moderate problems, and severe
problems)” The criteria for participants who had mental health
burden included those who had experienced moderate or severe
problems, or any combination thereof in mental health. A binary
outcome variable comprised individuals without mental health
burden (0 or “no case”) and individuals who had experienced
mental health burden (1 or “case”).

Independent variable. To assess LTPA, we focused on 4 ques-
tions including the frequency, duration, type and intensity
(Supplementary Data 1). We first asked respondents how often
they do LTPA every week in the past 6 months. If the frequency
was once or more than once a week, we asked them about the
duration of the average session each time (minutes). The
respondents were also asked to report details for the types (tai chi,
yoga, trotting or jogging, apparatus exercise, aerobics, ball games,
dancing, and swimming), as well as the intensity (light; moderate;
vigorous). The characteristics of activity features of participants
were presented in Supplementary Table 1. We assigned the
metabolic equivalent of task (MET) for different intensities of
activity and calculated the total volume of activity by multiplying
the reported frequency by the duration and intensity (MET)?4.
The total volume of activity was expressed in MET-min per week
(MET-min/week) and further categorized as inactive (having no
moderate or vigorous-intensity activity), insufficiently active
(having some activity but less than 600 MET-min/week), and
active (600 MET-min/week or above) in accordance with current
guidelines from the American College of Sports Medicine?®> and
the US Centers for Disease Control and Prevention?® for adults
aged 18 years or above. For adolescents aged 15-17, active was
defined according to the guidelines as doing moderate- to
vigorous-intensity activity more than 60 min daily?>2°.

Covariates. Age was calculated according to birth date and
classified into three groups (15—29 years, 30-59 years, and 60
years or above). Gender was expressed as a binary variable (men
or women). Smoking was defined as one had smoked a total of at
least 100 cigarettes and had not quit smoking and smoking status
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was dichotomized as “smoker” or “non-smoker”. Alcohol con-
sumption was defined as having had an alcoholic drink in the
12 months before the survey and was dichotomized as “drinker”
or “non-drinker”. Income level was classified into three groups
(low, middle, and high) based on annual per capita income in the
sampled county in the survey year. Education level was categor-
ized into four groups (college or above, high school, middle
school, and primary school or below). Occupation status was
classified into four groups (employed, retired, student, and
unemployed). Marital status was categorized into four groups
(married, unmarried, divorced, and widowed). Urbanization
(urban or rural) and geographical regions (east, central, or west)
were considered on the basis of residential address. Year (2003,
2008, 2013, and 2018) was also adjusted in all models.

Statistical analysis. To explore the association between LTPA
and mental health burden, we conducted multiple logistic
regression models. We explored the association between activity
frequency, type, and intensity and mental health burden using the
regression models not only for all people but also for specific
groups. The regression models were adjusted for covariates,
including gender, age, education, income, occupation, marital
status, smoking, alcohol consumption, geographical regions,
urbanization, and year. The results were presented with odds
ratios (ORs) and 95% confidence intervals (CIs). We applied
restricted cubic splines to investigate possible nonlinearity
between activity duration and total volume activity with mental
health and the model was also adjusted for aforementioned
covariates. The analyses used all pooled data from the four sur-
veys. Individuals with missing values were excluded in the final
analysis. All analyses used Stata 16.0 or R 3.5.1.

Reporting summary. Further information on research design is
available in the Nature Portfolio Reporting Summary linked to
this article.

Results

The NHSS sampled 57,023 households from 95 counties in 2003,
56,456 households from 94 counties in 2008, 93,613 households
from 156 counties in 2013, and 94,076 households from 156
counties in 2018. A total of 711,759 individuals, including 150,568
in 2003, 139,987 in 2008, 216,005 in 2013, and 205,119 in 2018,
were analyzed in the study (Supplementary Fig. 2). Notably, 7.92%
of individuals had self-reported mental health burden in China
(Supplementary Table 2). Compared with inactive people (8.75%),
active individuals had a lower percentage of mental health burden
(5.56%) (Supplementary Fig. 3 and Supplementary Data 2).

Associations between different forms of activity with mental
health in total population. Figure 1 and Supplementary Data 3
present the association between different activity forms with mental
health in the total population. The increasing frequency was asso-
ciated with decreasing mental health burden and those who did
activity six times or above a week presented the lowest burden (OR
0.63, 95% CI 0.62-0.65). The L-shaped smoothed regression spline
showed that the duration between 45min and 55min (peaking
around 50 min) was related to the lowest mental health burden
(Fig. 1). Although all types of activity were associated with reduced
mental health burden, swimming (0.54, 0.44-0.65) and apparatus
exercise (0.65, 0.53-0.79) were associated with lower mental health
burden compared with others (Fig. 1). Those who engaged mod-
erate activity (0.38, 0.35-0.41) had the maximum reduction in
mental health burden compared with light (0.50, 0.48-0.52) or
vigorous (0.64, 0.58-0.70) activity. Additionally, the restricted cubic
spline presented a significant nonlinear and L-shaped relationship

between mental health burden and total volume of activity. As
shown in Fig. 1, the mental health burden drops sharply with the
activity volume increases and the burden declines slightly after 1200
MET-min/week is achieved.

Associations between LTPA with mental health in
different people. When compared with inactive individuals,
those who were insufficiently active had a 23% (OR 0.77, 95% CI
0.75-0.79) reduction of mental health burden and there was a
44% (0.56, 0.54-0.58) reduction in the odds of mental health
burden for physically active individuals (Fig. 2 and Supplemen-
tary Data 4). Furthermore, the results of subgroup analysis for
gender, age, lifestyle behaviors, and chronic diseases in our study
were also similar and showed consistency in graded effects
(Fig. 2). Moreover, magnitude of the protective role of activity
varied from person to person (Fig. 2). Compared with adults aged
from 30 to 59 years (0.84, 0.81-0.87), active older people aged 60
years or above had much lower mental health burden (0.68,
0.65-0.71). We also noted that those who followed a healthy
lifestyle (no smoking [0.75, 0.72-0.77] or no drinking [0.74,
0.72-0.77]) had lower mental health problems than smokers
(0.85, 0.81-0.90) or drinkers (0.90, 0.85-0.96) if they did activity.
Additionally, a higher activity level was more closely associated
with lower mental health burden for individuals with chronic
diseases (0.68, 0.65-0.70) than those without (0.78, 0.75-0.81).

Significant differences across populations in associations
between different forms of activity and mental health. We
observed that the associations between different activity formats
and mental health varied in different individuals (Fig. 3 and
Supplementary Data 5). Both men and women had the lowest
mental health burden when they did moderate-intensity swim-
ming six times or above a week for 50 min (Fig. 3). Notably, the
appropriate types of activity differed significantly between adults
of different ages. For adults aged 30-59 years, playing ball games
of moderate intensity for 50 min three or five times a week was
associated with lower odds of poor mental health. However, for
older adults aged 60 years or above, doing moderate-intensity
apparatus exercise for 55min at least six times a week was
strongly associated with lower mental health burden. It is worth
noting that older people had a more obvious reduction of mental
health burden in all activity features (frequency, duration, types,
and intensity) than younger people (Fig. 3). In addition, for
individuals with chronic disease, lower odds in mental health
burden was observed to be associated with moderate-intensity
apparatus exercise for 50 min or more, at least six times a week
(Fig. 3). Furthermore, individuals who followed a healthy lifestyle
had lower mental health burden compared to those who did not,
given the same activity volume (Fig. 3).

Discussion

This study constitutes the largest study investigating disparate
associations between leisure time physical activity features and
mental health across different populations to date based on a
large-scale nationally representative sample of Chinese indivi-
duals. Our findings demonstrated that associations between fre-
quency, duration, type, and intensity of activity and mental health
vary in populations across gender, age, lifestyle behaviors, and
chronic disease conditions. The dose-response relationship
between total activity volume and mental health was first repor-
ted, which was highly nonlinear and presented L-shaped with a
threshold of 1200 MET-min of activity a week. Notably, merely
exercising 3-5 times per week with moderate swimming was
significantly associated with lower mental health burden among
younger people, while the association was strongly large in older
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Fig. 1 The associations between different forms of leisure time physical activity with mental health in the total population (N = 711,759). Models were
adjusted for geographical regions, urbanization, gender, age, marital status, education, employment, income, smoking, alcohol consumption, and year. Bars
and ribbons show 95% Cls. OR odds ratio, MET metabolic equivalent of task.

adults aged 60 years or above doing 55-min moderate apparatus
exercise at least six times a week. These findings have important
implications, suggesting that activity promotion strategies need to
be tailored based on population contexts.

Consistent with the results in previous works including ran-
domized controlled trials and prospective cohort studies®~13 the
association between activity and mental health in our study is
plausible after controlling for several confounders. Additionally,
the L-shaped dose-response association suggested that most
benefits are observed even with low-volume activity, with only
minor additional benefits for higher volume. This finding con-
firmed the curvilinear relation found in physical health
gains!8-20, while the threshold of 1200 MET-week of activity
volume found in our study is two times higher than physical
health gains required in general guidelines for 600 MET per
week?’-29, Unlike physical fitness, mental health problems are
attributed to many complex factors such as biological factors, life
experiences, and living environments therefore higher level
activity might be more significant related to lower burden?’-31.
There are several potential mechanisms that could explain the
protective effect of activity on mental health32-3°. The physiolo-
gical mechanisms advocated that activity might decrease mental
disorders risk like depression through pathways such as acute
neuroendocrine and inflammatory responses to activity and
longer-term  adaptations32-34,  Psychosocial and behavioral
explanations suggest that activity improves self-efficacy, enhances
confidence, and promotes social interactions having impacts on
mental health3>6. Additionally, environmental factors such as
noise, green space, and air pollution also play an important role
as a potential moderator of the association between activity and
mental health37-3%. Overall, the L-shaped dose-response asso-
ciation indicated that substantially lower mental health burden
was related to even low-level activity, with additional burden
decreasing at higher activity levels.

As previous studies mentioned, the above mechanisms may not
operate to the same degree across different activity parameters,
such as types, frequencies, intensities, and durations, potentially
resulting in higher heterogeneity!421. In addition to total volume,
it is necessary to explore the relationship for these aspects of
activity. Therefore, we further conducted an individual and more

precise analysis of specific features and found that activity pattern
of six times per week, 50-min duration each time, and moderate
intensity is related to the lowest mental health burden. One study
found that even if the duration was as short as 15 min, 3 times a
week was significantly associated with a lower risk of depressive
symptoms#0. The other study advocated that doing activity for
45 min for three to five times per week was linked to the lowest
risk of poor mental health and indicated negative psychological
effects from high levels of activity!”. However, most previous
works investigated only one or a few dimensions of activity,
which might lead to unreliable or inconsistent results!”40. Our
results captured the most comprehensive activity aspects so far,
suggesting that the optimal activity pattern was higher in dura-
tion and frequency, and no adverse effects on mental health were
found. Additionally, our results indicated activity of both social
and non-social forms such as swimming, ball games, and dancing
were associated with reduced mental health burden. Social form
activities like ball games, mostly team-based, can enhance com-
munication with people, minimize social withdrawal, decrease
feelings of isolation, and promote resilience to stress, which can
contribute an additional benefit for mental health!741:42. How-
ever, other types of activity can generate equal benefits such as
swimming, and dancing. These kinds of activity can greatly
reduce feelings of anger, confusion, tension, and depression, and
substantially improve self-efficacy*3-4>. Importantly, activity
assessed by different parameters can be captured to discriminate
different dimensions and offer targeting information for
improving activity to reduce mental health burden.

Through specific subgroup analyses, our results suggest that
reasonable activity was more strongly related to mental health in
older adults, individuals with chronic diseases, and people fol-
lowing a healthy lifestyle (no drinking, no smoking). Older people
may experience many stressors such as physical problems,
bereavement, and a drop in socioeconomic status with retirement,
which can result in isolation, loneliness or psychological
distress?©47. Individuals with chronic diseases may face reduced
mobility, chronic pain, frailty or other health problems, for which
they require some form of long-term care*®. Both older people
and individuals with chronic diseases are vulnerable people and
may face higher mental health risks*0-48, making activity
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Total Events Description OR (95%CI) p value
Gender
Men 351853 24406 Insufficient vs inactive 0.79 (0.76-0.82) <0.001
Active vs inactive " 0.55 (0.53-0.58) <0.001
Women 359906 31969 Insufficient vs inactive 0.76 (0.74-0.79) <0.001
Active vs inactive = 0.57 (0.54-0.59) <0.001
Age
Individuals aged 15-29 years 137819 3139  Insufficient vs inactive 0.95 (0.86-1.06) 0.379
Active vs inactive 5] 0.83 (0.71-0.97) 0.018
Individuals aged 30-59 years 401928 28999 Insufficient vs inactive 0.84 (0.81-0.87)  <0.001
Active vs inactive = 0.64 (0.62-0.67) <0.001
Individuals aged >60 years 172012 24237 Insufficient vs inactive 0.68 (0.65-0.71) <0.001
Active vs inactive - 0.46 (0.44-0.49) <0.001
Smoking
Yes 204164 15916 Insufficient vs inactive 0.85 (0.81-0.90) <0.001
Active vs inactive - 0.64 (0.61-0.69) <0.001
No 507595 40459 Insufficient vs inactive 0.75 (0.72-0.77) <0.001
Active vs inactive = 0.53 (0.51-0.55) <0.001
Drinking
Yes 137843 9704 Insufficient vs inactive 0.90 (0.85-0.96) 0.001
Active vs inactive » 0.65 (0.60-0.70) <0.001
No 573916 46671 Insufficient vs inactive 0.74 (0.72-0.77) <0.001
Active vs inactive - 0.54 (0.52-0.56) <0.001
Chronic disease conditions
Yes 179540 31531 Insufficient vs inactive 0.68 (0.65-0.70) <0.001
Active vs inactive = 0.48 (0.46-0.50) <0.001
No 532219 24844 Insufficient vs inactive 0.78 (0.75-0.81) <0.001
Active vs inactive = 0.59 (0.57-0.63) <0.001
Total 711759 56375 Insufficient vs inactive -> 0.77 (0.75-0.79) <0.001
Active vs inactive > 0.56 (0.54-0.58)  <0.001
0.4 0.6 0.8 1.0 1.2
R —

Decreased risk Increased risk

Fig. 2 The associations between leisure time physical activity with mental health in different people (N = 711,759). Models were adjusted for
geographical regions, urbanization, gender, age, marital status, education, employment, income, smoking, alcohol consumption, and year. Chronic diseases
must be diagnosed by doctors and defined as having a newly diagnosed chronic condition in the past six months or having a diagnosed chronic condition
before six months but suffering from disease symptoms and receiving treatments during the past six months. Inactive (no) is the reference group.
Insufficient active = 0-600 MET-min per week. Active > 600 MET-min per week. Bars show 95% Cls. Red bars indicate values of compared groups
between active and inactive individuals, and blue bars indicate values of compared groups between insufficient active and inactive individuals. OR odds
ratio, MET metabolic equivalent of task. Exact p-values for this figure can be found in Supplementary Data 4.

particularly important for these populations. For older people, we
observed that doing 55-min moderate apparatus exercise at least
six times a week has a strongly large association with lower
mental health burden. Given the major challenge of population
aging?*°0, providing public spaces such as parks and squares in
urban planning and adequate sports facilities in community
design could be effective measures to encourage older people to
be active and reduce feelings of social isolation and depression.
Additionally, our study revealed that dancing and apparatus
exercise are more strongly associated with reduced mental health
problems among people with chronic diseases. The fact that
activity is more correlated with mental health for healthy people
might be due to that individuals following a healthy lifestyle can
achieve more significant health benefits when doing activity or
that mental health problems are less occurring among healthy
people. Overall, our study provides robust and comprehensive
evidence to support targeting public health policies to reduce
mental health burden by promoting physical activity and max-
imizing positive effects for different people.

As advocated in WHO global guidelines, the concepts of “active
living”, “active travel”, and “active workplace” are of great
importance’l. Developing strategies to promote physical activity and
reduce mental health burden requires a collective effort, both at
national and local levels, involving different disciplines and sectors to

implement policies appropriate to a country’s cultural and social
environment. Considering people with varying gender, age, lifestyles,
and health status, specific programs are needed to create more
activity opportunities in different settings, including workplaces,
schools, communities, and families targeting various groups. Speci-
fically, reducing barriers for women participating in various sports
by improving access to safe equipment and welcoming facilities,
enhancing school-sport programs to support adolescents to spend
their free time actively, developing workplace policies to encourage
adults to be physically active during the work day, improving
community-based recreation facilities to promote access for older
people doing exercise as well as enhancing their functional capacity,
and encouraging healthcare providers support patients to be reg-
ularly active may be effective approaches.

Limitations

This study also had several limitations. First, our risk estimates
fundamentally only show correlations because this study is based on
cross-sectional surveys, and the causal association between LTPA
and mental health cannot be determined. Therefore, alternative
study designs including randomized controlled trials or longitudinal
design with long follow-up, are needed to determine causality.
Second, our study relies on self-reported activity which might be
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Fig. 3 Different forms of leisure time physical activity and mental health in different groups people (N = 711,759). Models were adjusted for

geographical regions, urbanization, gender, age, marital status, education, employment, income, smoking, alcohol consumption, and year. Chronic diseases
must be diagnosed by doctors and defined as having a newly diagnosed chronic condition in the past six months or having a diagnosed chronic condition
before six months but suffering from disease symptoms and receiving treatments during the past six months. Bars and ribbons show 95% Cls. OR odds

ratio, MET metabolic equivalent of task.

overestimated. However, the assessment of activity using self-
reported measures is considered acceptable in large studies due to
low-resource settings. Third, participant-reported mental health
burden could not effectively identify specific mental health pro-
blems, such as stress, depression, or anxiety. This suggests the need
for studies to explore the precise association between actual physical
activity and specific mental health symptoms by using automatic
activity data collection equipment (e.g., wearable sensor) and
structured interviews or standardized rating scales.

Conclusion

Based on large-scale data, we provided essential evidence of the
association between LTPA and mental health burden, which can
support public health policies for better mental health. Our findings
reveal complexities of the disparate linkages between mental health
and activity, in the aspects of dose-response nonlinear relationships,
diverse set of activity features, and inter-individual differences. Policies
targeted at improving physical activity participation are a low-cost
approach to reducing mental health burden, while importantly, poli-
cies and efforts may need to be optimized for specific subpopulations.

Data availability

Data tenure was controlled by the Centre for Health Statistics Information, National
Health Commission of the People’s Republic of China. The source data for Figs. 1, 2, 3,
and Supplementary Fig. 3 can be found in Supplementary Data 3, 4, 5, and 2 respectively.
Raw data are not publicly available due to privacy considerations. Data access can be
requested by email to the corresponding author.

Code availability
All codes that support the findings of this study are available online as Supplementary Data 6.

Received: 4 March 2023; Accepted: 3 November 2023;
Published online: 21 December 2023

References

1. World Health Organization. Mental Health. https://www.who.int/health-
topics/mental-health#tab=tab_2 (WHO, 2022).

2. Wainberg, M. L. et al. Challenges and opportunities in global mental health: a
research-to-practice perspective. Curr. Psychiatry Rep. 19, 28 (2017).

3. Saxena, S. Disparity between burden and budget for mental health. Lancet
Public Health 4, e75-€76 (2019).

4. Lu, Y. C. et al. Maternal psychological distress during the COVID-19
pandemic and structural changes of the human fetal brain. Commun. Med. 2,
47 (2022).

5. Hampshire, A. et al. Associations between dimensions of behaviour,
personality traits, and mental-health during the COVID-19 pandemic in the
United Kingdom. Nat. Commun. 16, 4111 (2021).

6. von Soest, T. et al. Adolescents’ psychosocial well-being one year after the
outbreak of the COVID-19 pandemic in Norway. Nat. Hum. Behav. 6,
217-228 (2022).

7. COVID-19 Mental Disorders Collaborators. Global prevalence and burden of
depressive and anxiety disorders in 204 countries and territories in 2020 due
to the COVID-19 pandemic. Lancet 6, 1700-1712 (2021).

8. Aknin, L. B. et al. Policy stringency and mental health during the COVID-19
pandemic: a longitudinal analysis of data from 15 countries. Lancet Public
Health 14, 417-426 (2022).

9. Bélair, M. A. et al. Relationship between leisure time physical activity,
sedentary behaviour and symptoms of depression and anxiety: evidence from
a population-based sample of Canadian adolescents. BMJ Open 17, €021119
(2018).

10. Jo, H. et al. The longitudinal effect of leisure time physical activity on reduced
depressive symptoms: the ARIRANG Study. J. Affect. Disord. 1, 1220-1225
(2021).

11. Yu, C. C. W. et al. Study protocol: a randomized controlled trial study on the

effect of a game-based exercise training program on promoting physical

6 COMMUNICATIONS MEDICINE| (2023)3:175 | https://doi.org/10.1038/s43856-023-00399-2 | www.nature.com/commsmed


https://www.who.int/health-topics/mental-health#tab=tab_2
https://www.who.int/health-topics/mental-health#tab=tab_2
www.nature.com/commsmed

COMMUNICATIONS MEDICINE | https://doi.org/10.1038/s43856-023-00399-2

ARTICLE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

fitness and mental health in children with autism spectrum disorder. BMC
Psychiatry 18, 56 (2018).

Pinto Pereira, S. M., Geoffroy, M. C. & Power, C. Depressive symptoms and
physical exercise during 3 decades in adult life: bidirectional associations in a
prospective cohort study. JAMA Psychiatry 71, 1373-1380 (2014).

Silva, L. A. D. et al. Effects of aquatic exercise on mental health, functional
autonomy and oxidative stress in depressed elderly individuals: a randomized
clinical trial. Clinics 74, €322 (2019).

Pearce, M. et al. Association between physical activity and risk of depression: a
systematic review and meta-analysis. JAMA Psychiatry 13, 220609 (2022).

van Agteren, J. et al. A systematic review and meta-analysis of psychological
interventions to improve mental wellbeing. Nat. Hum. Behav. 5, 631-652
(2021).

Carek, P. J. et al. Exercise for the treatment of depression and anxiety. Int. J.
Psychiatry Med. 41, 15-28 (2011).

Chekroud, S. R. et al. Association between physical exercise and mental health
in 1.2 million individuals in the USA between 2011 and 2015: a cross-sectional
study. Lancet Psychiatry 5, 739-746 (2018).

Ekelund, U. et al. Dose-response associations between accelerometry
measured physical activity and sedentary time and all cause mortality:
systematic review and harmonised meta-analysis. BMJ 366, 14570 (2019).
Wen, C. P. et al. Minimum amount of physical exercise for reduced mortality
and extended life expectancy: a prospective cohort study. Lancet 1, 1244-1253
(2011).

Lear, S. A. et al. The effect of physical exercise on mortality and cardiovascular
disease in 130 000 people from 17 high-income, middle-income, and low-
income countries: the PURE study. Lancet 390, 2643-2654 (2017).

Xie, Y. Population heterogeneity and causal inference. Proc. Natl Acad. Sci.
USA 16, 6262-6268 (2013).

Meng, Q. et al. Trends in access to health services and financial protection in
China between 2003 and 2011: a cross-sectional study. Lancet 379, 805-814
(2012).

Wang, M. et al. Trends in smoking prevalence and implication for chronic
diseases in China: serial national cross-sectional surveys from 2003 to 2013.
Lancet Respir. Med. 7, 35-45 (2019).

Ainsworth, B. E. et al. 2011 Compendium of Physical Activities: a second
update of codes and MET values. Med. Sci. Sports Exerc. 43, 1575-1581
(2011).

Garber, C. E. et al. American College of Sports Medicine position stand.
Quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently
healthy adults: guidance for prescribing exercise. Med. Sci. Sports Exerc. 43,
1334-1359 (2011).

Pate, R. R. et al. Physical activity and public health. A recommendation from
the Centers for Disease Control and Prevention and the American College of
Sports Medicine. JAMA 273, 402-407 (1995).

Manwell, L. A. et al. What is mental health? Evidence towards a new definition
from a mixed methods multidisciplinary international survey. BMJ Open 2,
€007079 (2015).

Vancampfort, D. et al. Diabetes mellitus in people with schizophrenia, bipolar
disorder and major depressive disorder: a systematic review and large scale
meta-analysis. World Psychiatry 15, 166-174 (2016).

Walker, E. R., McGee, R. E. & Druss, B. G. Mortality in mental disorders and
global disease burden implications: a systematic review and meta-analysis.
JAMA Psychiatry 72, 334-341 (2015).

Kahneman, D. & Deaton, A. High income improves evaluation of life but not
emotional well-being. Proc. Natl Acad. Sci. USA 21, 16489-16493

(2010).

Davidson, L. L., Grigorenko, E. L., Boivin, M. ], Rapa, E. & Stein, A. A focus
on adolescence to reduce neurological, mental health and substance-use
disability. Nature 19, 161-166 (2015).

Brellenthin, A. G., Crombie, K. M., Hillard, C. J. & Koltyn, K. F.
Endocannabinoid and mood responses to exercise in adults with varying
activity levels. Med. Sci. Sports Exerc. 49, 1688-1696 (2017).

Kandola, A. et al. Physical activity and depression: towards understanding the
antidepressant mechanisms of physical activity. Neurosci. Biobehav. Rev. 107,
525-539 (2019).

Sun, L., Sun, Q. & Qi, J. Adult hippocampal neurogenesis: an important target
associated with antidepressant effects of exercise. Rev. Neurosci. 26, 693-703
(2017).

Middelkamp, J. et al. The effects of a self-efficacy intervention on exercise behavior
of fitness club members in 52 weeks and long-term relationships of
transtheoretical model constructs. J. Sports Sci. Med. 16, 163-171 (2017).
Jonsson, T. et al. The effect of education and supervised exercise on physical
activity, pain, quality of life and self-efficacy—an intervention study with a
reference group. BMC Musculoskelet. Disord. 21, 198 (2018).

37. van den Berg, M. M. et al. Do physical activity, social cohesion, and loneliness
mediate the association between time spent visiting green space and mental
health. Environ. Behav. 51, 144-166 (2019).

38. Aghjayan, S. L. et al. Aerobic exercise improves episodic memory in late
adulthood: a systematic review and meta-analysis. Commun. Med. 2, 15
(2022).

39. Xue, T, Zhu, T., Zheng, Y. & Zhang, Q. Declines in mental health associated
with air pollution and temperature variability in China. Nat. Commun. 15,
2165 (2019).

40. Chang, Y. C. et al. Effects of different amounts of exercise on preventing
depressive symptoms in community-dwelling older adults: a prospective
cohort study in Taiwan. BMJ Open 7(4), e014256 (2017).

41. Pedersen, M. T. et al. Effect of team sports and resistance training on physical
function, quality of life, and motivation in older adults. Scand. J. Med. Sci.
Sports 27, 852-864 (2017).

42. Wikman, J. M. et al. The effect of floorball training on health status,
psychological health and social capital in older men. AIMS Public Health 10,
364-382 (2017).

43. van Tulleken, C. et al. Open water swimming as a treatment for major
depressive disorder. BMJ Case Rep. 21, bcr2018225007 (2018).

44. Salihu, D., Kwan, R. Y. C. & Wong, E. M. L. The effect of dancing
interventions on depression symptoms, anxiety, and stress in adults without
musculoskeletal disorders: an integrative review and meta-analysis.
Complement. Ther. Clin. Pract. 45, 101467 (2021).

45. Wang, F. et al. The effects of tai chi on depression, anxiety, and psychological
well-being: a systematic review and meta-analysis. Int. J. Behav. Med. 21,
605-617 (2014).

46. Almeida, O. P. Prevention of depression in older age. Maturitas 79, 136-141
(2014).

47. Sivertsen, H. et al. Depression and quality of life in older persons: a review.
Dement. Geriatr. Cogn. Disord. 40, 311-339 (2015).

48. Zhang, Y. et al. Depression and cardiovascular disease in elderly: current
understanding. J. Clin. Neurosci. 47, 1-5 (2018).

49. The Lancet Public Health. Public health in China: achievements and future
challenges. Lancet Public Health 3, €456 (2018).

50. Lai, X. et al. The economic burden of influenza-like illness among children,
chronic disease patients, and the elderly in China: a national cross-sectional
survey. Int. . Environ. Res. Public Health 10, 6277 (2021).

51. World Health Organization. WHO 2020 Guidelines on Physical Activity and
Sedentary Behaviour. https://apps.who.int/iris/bitstream/handle/10665/
336656/9789240015128-eng.pdf (WHO, 2020).

Acknowledgements

This study is supported by the National Natural Science Foundation of China (grant No.
72122007, 72071089). We thank the Centre for Health Statistics Information, National
Health Commission of the People’s Republic of China, which provided outstanding
support in the data collection and analysis of this study.

Author contributions

L.D. and Y.Z. conceived the idea for the study and managed the project to the manu-
script. Y.Z,, C.L,, L.D., and W.W. designed the study. Y.Z. and C.L. did the statistical
analyses and wrote the statistical analysis plan. Y.Z. and C.L. wrote the manuscript.
W.W. had full access to all the data in the study. L.D. took full responsibility for the
integrity of the data and the accuracy of the analyses. All authors read and approved the
final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s43856-023-00399-2.

Correspondence and requests for materials should be addressed to Wei Wang or Lieyun
Ding.

Peer review information Communications Medicine thanks Ricardo Sampaio, Huijun
Zhang and Sebastian Sandgren for their contribution to the peer review of this work.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

COMMUNICATIONS MEDICINE | (2023)3:175 | https://doi.org/10.1038/s43856-023-00399-2 | www.nature.com/commsmed 7


https://apps.who.int/iris/bitstream/handle/10665/336656/9789240015128-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/336656/9789240015128-eng.pdf
https://doi.org/10.1038/s43856-023-00399-2
http://www.nature.com/reprints
www.nature.com/commsmed
www.nature.com/commsmed

ARTICLE COMMUNICATIONS MEDICINE | https://doi.org/10.1038/543856-023-00399-2

Open Access This article is licensed under a Creative Commons

37 Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2023

8 COMMUNICATIONS MEDICINE| (2023)3:175 | https://doi.org/10.1038/543856-023-00399-2 | www.nature.com/commsmed


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/commsmed

	Large-scale data reveal disparate associations between leisure time physical activity patterns and mental�health
	Methods
	Study design and dataset description
	Outcome variable
	Independent variable
	Covariates
	Statistical analysis
	Reporting summary

	Results
	Associations between different forms of activity with mental health in total population
	Associations between LTPA with mental health in different�people
	Significant differences across populations in associations between different forms of activity and mental�health

	Discussion
	Limitations
	Conclusion
	Data availability
	References
	Code availability
	References
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




