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Abstract: Background: The COVID-19 pandemic caused significant disruptions to daily
life, affecting regular physical activity (PA) and health behaviors worldwide. This study
investigates the associations between PA domains and changes in health behaviors and
mental health outcomes among middle-aged and old Chinese adults. Methods: Using
wave 5 cross-sectional data from the 2020 China Health and Retirement Longitudinal Study,
we analyzed 17,180 adults aged 45 and above, focusing on health behavior changes such
as smoking, alcohol consumption, dietary adjustments, and panic purchasing, as well as
mental health outcomes like anxiety and fear. PA was classified by intensity levels—light,
moderate, and vigorous—and by activity purposes—total, leisure, and occupational. Re-
sults: The findings indicate that leisure PA is associated with healthier behaviors, including
lower odds of increased smoking (OR = 0.71, 95% CI: 0.57–0.90) and alcohol consumption
(OR = 0.70, 95% CI: 0.54–0.90), whereas occupational PA is linked to adverse behavioral
outcomes, such as higher odds of smoking (OR = 1.45, 95% CI: 1.15–1.83) and alcohol use
(OR = 1.43, 95% CI: 1.10–1.86). Additionally, participants engaged in all domains of PA
were more likely to experience anxiety and fear compared to those who were physically
inactive. Conclusions: Our limited understanding of the role PA has on behavioral and
mental health during public health crises highlights the importance of having tailored
strategies to enhance resilience in similar future scenarios.

Keywords: physical activity; health behavior; mental health; older adults; COVID-19

1. Introduction
The COVID-19 pandemic profoundly impacted global public health [1], disrupting

daily routines and posing challenges to maintaining physical activity (PA) and mental
well-being [2–5]. PA is well-documented to improve physical health and reduce the risk
of chronic diseases while also mitigating mental health issues, such as depression and
anxiety [6–8]. These benefits underscore PA’s critical role in protecting health during public
health crises like COVID-19.

Government-mandated lockdowns and social distancing measures significantly al-
tered health behaviors—including smoking, alcohol consumption, dietary habits, and
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anxiety levels—and demonstrated the complex interrelationships between PA, behavioral
changes, and mental well-being [9–15]. However, the relationship between PA, behavioral
changes, and mental health during the pandemic remains unclear, with inconsistent find-
ings across different populations. For example, while a UK study found higher levels of
muscle-strengthening activity linked to increased alcohol consumption during the pan-
demic [16], an international survey reported a significant decline in binge drinking during
COVID-19 confinement [17]. Similarly, studies on smoking behavior produced mixed
findings: research in China reported a negative association between PA and smoking [18],
whereas global data suggested that the pandemic acted as both a barrier and a facilitator
for smoking cessation [12]. Eating behavior changes were also varied, ranging from stress-
driven binge eating or dietary restriction [19] to increased emotional eating of processed
foods, sweets, and alcohol [14,20]. Preventive health behaviors further highlighted these
complexities—regular PA was associated with higher adherence to public health measures
such as mask-wearing and handwashing in Mexico [21], yet mask mandates discouraged
some individuals from engaging in PA, with 41% reporting reduced activity due to negative
experiences with mask use [22]. Mental health findings were similarly mixed; while studies
in China linked regular PA to lower anxiety and depression risks [23], global research
indicated increased sedentary behavior and poorer psychological outcomes in some popu-
lations [24]. These inconsistencies emphasize the need for more targeted research to clarify
PA’s role in behavioral and mental health adaptations during pandemics.

Despite valuable insights from previous studies, key research gaps remain. Most
studies focus on younger populations [4,19] or rely on localized datasets [4,20,21,23], leav-
ing a critical gap in understanding PA’s role among older adults in non-Western settings.
Moreover, limited research examines how different domains of PA—such as leisure, occu-
pational, or variations in intensity (light, moderate, vigorous)—affect health behaviors and
mental well-being during a pandemic. Addressing these gaps is essential for developing
targeted interventions for at-risk populations.

This study leverages data from the 2020 China Health and Retirement Longitudinal
Study (CHARLS), collected shortly after the initial Wuhan lockdown [25], to investigate
how various types and intensities of PA influenced health behaviors and mental well-being
among middle-aged and older Chinese adults. Given the conflicting evidence in prior
research, we hypothesize that engagement in PA is associated with changes in health
behaviors (smoking, alcohol consumption, and dietary habits) and mental well-being
(anxiety and fear) during the COVID-19 pandemic. Specifically, we examine the associations
between each PA domain (categorized by intensity level and activity purpose) and these
health-related outcomes in separate analyses. By utilizing data from the early stage of
the COVID-19 pandemic, this study provides new insights into PA’s role in mitigating
pandemic-related health impacts and offers evidence-based strategies to promote healthier
behaviors during future public health crises.

2. Materials and Methods
2.1. Data Source and Study Population

This cross-sectional study utilizes the Chinese national data from wave 5 (2020) of
the China Health and Retirement Longitudinal Study (CHARLS). CHARLS is a longitu-
dinal study designed to represent individuals aged 45 and above residing in mainland
China. The national baseline survey was conducted in 2011–2012, followed by subse-
quent waves in 2013 (wave 2), 2015 (wave 3), 2018 (wave 4), and 2020 (wave 5). Wave
5 was officially released on 16 November 2023 [25]. The baseline survey encompassed
28 provinces, 150 counties/districts, and 450 villages/urban communities across China,
to ensure national and regional representation of the country’s middle-aged and older
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population [26]. CHARLS employed a stratified, multi-stage, probability proportional to
size (PPS) random sampling approach, which stratified by region, urban vs. rural status,
and GDP per capita. The baseline sample was weighted to closely match China’s 2010
Population Census, confirming its national representativeness. However, due to COVID-19
restrictions, three sampled villages in Xinjiang and some in Inner Mongolia could not be
surveyed in wave 5, potentially leading to minor underrepresentation in those regions.

From late 2019 through early 2020, a COVID-19 outbreak occurred in China, and
COVID-19-related data were collected in wave 5, documenting the pandemic’s effects
on the lives and health of middle-aged and older Chinese adults [25]. Ethical approval
for all waves of CHARLS was granted by the Institutional Review Board (IRB) at Peking
University. The IRB approval number for the main household survey is IRB00001052-11015.

The 2020 CHARLS dataset contained demographic information for 19,395 individuals.
Exclusions were made based on multiple criteria: a total of 238 individuals were below the
age of 45; 12 individuals were not included in the COVID questionnaire; 27 individuals
were not sampled for the Health Status and Functioning questionnaire; 15 individuals had
not participated in the PA questions; and 1923 individuals had incomplete covariate data.
Following the removal of these exclusions, a total of 17,180 individuals remained in the
final study cohort for further analysis. Listwise deletion was used to handle missing data,
ensuring a complete dataset for all key study variables. The detailed procedure of selection
is shown in Figure 1.
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Figure 1. Flowchart of data selection and exclusion procedure.

2.2. Measures
2.2.1. Measurement of Behavioral Changes and Mental Health

Drawing from previous research [10,27,28], we identified relevant dependent variables
in the Module V COVID-19 section of CHARLS 2020 [29] that pertained to health behavior
changes, mental health status, and panic purchasing behaviors driven by negative emotions
such as fear, sadness, and anxiety. Health behavior changes, including smoking, alcohol
consumption, and diet habits, were classified as increased (increased slightly or greatly) and
decreased (decreased slightly or greatly) in comparison to the prior time had the pandemic
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not happened. Individuals who were abstinent from alcohol or non-smokers in recent years
were excluded from the analysis, as the focus of this study was on changes in consumption
behaviors among those who reported alcohol or tobacco use during the pandemic. Mask-
wearing during the pandemic was classified as affirmative (always or sometimes) and
negative (never). Anxiety and fear during the coronavirus outbreak were assessed based on
self-reported perceptions rather than standardized psychological instruments. Participants
responded to the questions: “Have you ever felt stressful or anxious about the pandemic or
anything related to the pandemic?” and “Have you ever felt the fear of the pandemic, or any
fear related to the pandemic?” Responses were categorized into two groups: experiencing
anxiety/fear (not often, sometimes, or often) and devoid of anxiety/fear (rarely or never).
Panic purchasing was assessed through the question, “During the three days after Wuhan
was closed due to the pandemic, that is, from the Chinese New Year’s Eve to the second
day of the first Lunar Month (from January 24 to January 26), did you buy more of the
following things ((1) food, cooking oil, and vegetables; (2) face masks, hand sanitizer, and
disinfectant) than usual to stock up because of the pandemic?” Panic purchasing of food,
and panic purchasing of personal protective equipment (PPE) were coded as either “yes”
or “no” based on the respondent’s choices on this multiple-choice question.

2.2.2. Assessment of Physical Activity

The CHARLS questionnaire [29] asked respondents whether they perform for at least
10 min continuously for a usual week in three different levels of PA: vigorous physical
activity (VPA), which includes activities such as carrying heavy objects, digging, hoeing,
aerobic workouts, bicycling at a fast speed, riding a cargo bike/motorcycle, etc.; moderate
physical activity (MPA), which includes activities such as carrying light objects, bicycling
at a normal speed, mopping, Tai-Chi, and speed walking; and light physical activity (LPA),
which includes activities such as walking from one place to another at a workplace or
home or taking walks for leisure, sports, exercise, or entertainment. Subsequent questions
were documented on the days (1–7 d), time duration (10–30 min, 30 min–2 h, 2–4 h,
and >4 h), and purpose (job demand, entertainment, exercise, or others) of engaging in such
a type of PA during a usual week. This section of the questionnaire followed the format
and statements of the short version of the International Physical Activity Questionnaire
(IPAQ) [30]. VPA, MPA, and LPA were defined based on participants engaging in the
respective activities for at least 10 consecutive minutes during a typical week. Participants
who did not meet this criterion were classified as physically inactive.

To thoroughly evaluate the health benefits and assess various positive health implica-
tions of PA, three indicators were established that emphasize sufficient PA as a protective
factor. Total physical activity (TPA) measures total PA across all domains; leisure physical
activity (LePA) evaluates for entertainment and exercise; and occupational physical activity
(OPA) exclusively addresses work-related activity. For the calculations, the duration of each
level of PA was estimated using the median time range for each group, with durations ex-
ceeding 4 h being capped at 4 h. The total physical activity volume (TPAV), leisure physical
activity volume (LePAV), and occupational physical activity volume (OPAV) scores were
calculated by multiplying the weighted PAs using the metabolic equivalent (MET) [31–33]
as follows: (1) TPAV = 8.0 × total VPA weekly duration score + 4.0 × total MPA weekly du-
ration score + 3.3 × total LPA weekly duration score; (2) LePAV = 8.0 × leisure VPA weekly
duration score + 4.0 × leisure MPA weekly duration score + 3.3 × leisure LPA weekly dura-
tion score; (3) OPAV = 8.0 × occupational VPA weekly duration score + 4.0 × occupational
MPA weekly duration score + 3.3 × occupational LPA weekly duration score. Following the
IPAQ guidelines, TPA, LePA, and OPA were defined as reaching at least 600 MET-min per
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week for TPAV, LePAV, and OPAV, respectively. Participants falling short of this threshold
were categorized as physically inactive.

Covariates were selected based on previous research [16,33–36] and the availability of
data from the 2020 CHARLS. These included: (1) sociodemographic factors such as age
(divided into two categories by the median), gender (male or female), education level (less
than lower secondary education, upper secondary and vocational training, and tertiary
education), marital status (married or separated/no longer living with a spouse), and
residence (urban or rural); and (2) comorbidities and health status, including chronic
disease presence (having at least one chronic disease or none) and self-reported health
status (good or poor). The definitions and assignments of variables are presented in Table 1.

Table 1. Summary of variable definitions and assignments.

Variables
Question Number

Labeled in CHARLS’
Codebook

Definition Assignment

Dependent Variables

Change in Smoking vc014

The amount of smoking
increased or decreased during
the Lunar New Year outbreak

compared to what it would
have been if the pandemic had

not happened.

Decreased slightly/greatly = 0,
Increased slightly/greatly = 1

Change in Drinking vc015

The amount of alcohol
consumed increased or

decreased during the Lunar
New Year outbreak compared
to what it would have been if

the pandemic had not
happened.

Decreased slightly/greatly = 0,
Increased slightly/greatly = 1

Change in Eating vc017

The amount of food eaten each
day increased or decreased
during the Lunar New Year

outbreak compared to what it
would have been if the

pandemic had not happened.

Decreased slightly/greatly = 0,
Increased slightly/greatly = 1

Mask-Wearing va003 Masking during the pandemic. Never = 0,
Always/Sometimes = 1

Anxiety vc013

Feeling anxiety about the
pandemic or anything related

to the pandemic during
the outbreak.

Rarely or never = 0,
Not often/sometimes/often = 1

Fear vc012

Feeling fears about the
pandemic or anything related

to the pandemic during
the outbreak.

Rarely or never = 0,
Not often/sometimes/often = 1
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Table 1. Cont.

Variables
Question Number

Labeled in CHARLS’
Codebook

Definition Assignment

Panic Purchasing
of Food va006_s1

Had to buy more face masks,
hand sanitizer and

disinfectant than usual to
stock up because of the

pandemic during the three
days after Wuhan was closed

due to the pandemic (from
January 24 to January 26).

No = 0, Yes = 1

Panic Purchasing
of Personal

Protective Equipment
va006_s2

Had to buy more food,
cooking oil, and vegetables

than usual to stock up because
of the pandemic during the
three days after Wuhan was
closed due to the pandemic

(from January 24 to
January 26).

No = 0, Yes = 1

Independent Variables

Vigorous Physical
Activity (VPA) da032_1_

Performing vigorous physical
activity for at least 10 min at a

time during a usual week.
No = 0, Yes = 1

Moderate Physical
Activity (MPA) da032_2_

Performing moderate physical
activity for at least 10 min at a

time during a usual week.
No = 0, Yes = 1

Light Physical
Activity (LPA) da032_3_

Performing light physical
activity for at least 10 min at a

time during a usual week.
No = 0, Yes = 1

Total Physical
Activity (TPA) da032–da036

The total physical activity
volume reached at least 600

MET-min per week.
No = 0, Yes = 1

Leisure Physical
Activity (LePA) da032–da037

The leisure physical activity
volume (for the purpose of
entertainment and exercise)

reached at least 600 MET-min
per week.

No = 0, Yes = 1

Occupational Physical
Activity (OPA) da032–da037

The occupational physical
activity volume (for the

purpose of job demands)
reached at least 600 MET-min

per week.

No = 0, Yes = 1

Covariates

Age xrage Age per the solar calendar at
the time of interview. <61 y/o = 0, ≥61 y/o = 1

Gender xrgender Biological sex Male = 0, Female = 1

Education Level ba010 Highest level of education.

less than lower secondary
education = 0,

upper secondary and vocational
training = 1,

tertiary education = 2
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Table 1. Cont.

Variables
Question Number

Labeled in CHARLS’
Codebook

Definition Assignment

Marital Status ba011

Married, included both
married and temporarily

living apart from their spouse
due to circumstances like a job;

the category of not married
includes those who are

separated or no longer living
together as a spouse, divorced,
widowed, or never married.

Not married = 0, Married = 1

Residency ba008

Urban, included city center or
town center; combined zone
included area between urban
and rural areas, or Zhenxiang

area; the village area
was rural.

Rural = 0,
Combined Zone =1,

Urban = 2

Chronic Diseases da003_1_–da003_15_

Has the doctor diagnosed the
respondent with any of the
following chronic diseases:

hypertension, dyslipidemia,
diabetes, or high blood sugar,

cancer or malignant tumor,
chronic lung diseases, liver

disease, heart disease, stroke,
kidney disease, stomach or

other digestive diseases,
emotional, nervous, or
psychiatric problems,

memory-related disease,
Parkinson’s disease, arthritis
or rheumatism, and asthma
(multiple choices allowed).

None = 0,
At least has any one type of

chronic diseases = 1

Self-Reported Health da001 Self-assessment of one’s own
health status.

Very poor/poor/fair = 0,
Very good/good = 1

2.3. Statistical Analysis

The characteristics of the overall study population and each PA group were presented
as counts and percentages. Chi-squared tests were used to assess the association between
PA groups and the various characteristic variables.

Given the hierarchical structure of the CHARLS data, where individuals (Level 1)
are nested within households (Level 2), and households within communities (Level 3), a
generalized linear mixed-effects model (GLMM) with random intercepts was employed.
GLMMs [37] are well-suited for analyzing multilevel data, accounting for correlations
at multiple levels while modeling individual-level relationships between predictors and
outcomes. By incorporating random effects at the household and community levels, they
control for within-group dependencies and improve the accuracy of fixed-effect estimations.
Compared to other statistical models, GLMMs naturally accommodate a hierarchical data
structure, ensuring more precise inferences regarding the associations between PA, health
behaviors, and mental well-being in a nested dataset like CHARLS.
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The GLMM estimated odds ratio (OR), 95% confidence interval (95% CI), and
p-value of the fixed effects using maximum likelihood methods with bound optimiza-
tion by quadratic approximation. The regression model is presented in Equation (1); each
model was performed independently, with one outcome and one exposure included at
a time:

g
[

E
(

yijk

∣∣∣ui, uj(i)

)]
= Xijkβ + ui + uj(i) + eijk (1)

where yijk is the response of the kth individual in the jth household-level unit of the ith

community unit. The matrix Xijk is the design matrix associated with the fixed effect, and
β represents unknown regression coefficients. The term of ui is the random intercept effect
for community-level variability, distributed as N

(
0, σ2

c
)
; the term of uj(i) is the random

intercept effect for household-level variability, distributed as N
(
0, σ2

h
)
. The random error

term, eijk, is distributed as N
(
0, σ2

e
)
. For a binary outcome, a logistic link function is used,

where g(·) = loge

(
p

1−p

)
.

All p-values were calculated using two-sided tests and considered statistically signifi-
cant at the 0.05 test level. All statistical analyses were conducted using R (cran.r-project.org)
version 4.4.1 and SAS (SAS Inst. Inc., Cary, NC, USA) version 9.4.

3. Results
3.1. Descriptive Statistic

Table 2 displays the detailed distribution of PA within the study cohort, along with
their associations with the characteristics of all covariates. Among the participants, 6389 en-
gaged in VPA, 9946 in MPA, and 13,422 in LPA. Additionally, 14,599 participants were
categorized as TPA, 7838 as LePA, and 7539 as OPA. While younger participants were
more likely to engage in VPA and MPA but also more likely to experience physical inac-
tivity related to leisure, older adults were more likely to engage in LPA and to experience
both occupational and total physical inactivity. Although females were less likely to be
reported in TPA, LePA, and OPA, they tended to be engaged more in MPA. In terms of
sociodemographic and health status, participants who engaged in TPA, LePA, and OPA
were more likely to be married, have a low level of education, live in a rural region, be
free from chronic diseases, have a positive perception of their own health, and be without
anxiety. More information on the statistical characteristics of the participants is shown
in Table 2.

3.2. Association Between Physical Activity and Health Behavioral Changes Among Chinese
Middle-Aged and Older Adults

Tables 3 and 4 present the estimated odds ratios for the associations between PA
domains and health behavior changes during the pandemic, with Table 3 showing the
unadjusted results and Table 4 reflecting the adjusted models.

In the unadjusted models, LePA and OPA showed opposite associations with smok-
ing and drinking behaviors. Individuals engaged in LePA had 29% lower odds of in-
creased smoking (OR = 0.71, 95% CI: 0.57–0.90) and 30% lower odds of increased drinking
(OR = 0.70, 95% CI: 0.54–0.90), suggesting that LePA may serve as a protective factor for
reducing these behaviors. Conversely, individuals engaged in OPA had 45% higher odds
of increased smoking (OR = 1.45, 95% CI: 1.15–1.83) and 43% higher odds of increased
alcohol consumption (OR = 1.43, 95% CI: 1.10–1.86). Although both findings were statisti-
cally significant, the stronger association with OPA highlights a more substantial public
health concern, particularly in the context of work-related stressors during the pandemic.
Additionally, VPA was associated with 43% higher odds of increased alcohol consump-
tion (OR = 1.43, 95% CI: 1.11–1.85), while MPA and LePA were associated with 33% and
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29% higher odds of increased food intake, respectively (MPA: OR = 1.33, 95% CI: 1.08–1.65;
LePA: OR = 1.29, 95% CI: 1.05–1.58). These results suggest that PA, particularly LePA and
MPA, may influence dietary habits in response to stress or lifestyle adjustments during the
pandemic. Furthermore, all PA domains were significantly associated with higher odds of
mask-wearing and panic purchasing of food and PPE, highlighting the potential role of PA
in reinforcing health-conscious behaviors during public health crises.

After adjusting for potential confounders—including age, gender, education level,
marital status, residency, chronic disease status, and self-reported health—the associations
between PA and health behaviors remained largely consistent. However, some associations
weakened. Specifically, some odds ratios of OPA were slightly attenuated, rendering them
no longer statistically significant and suggesting that other factors may explain this behav-
ior. Notably, LePA remained significantly associated with 23% lower odds of increased
smoking (OR = 0.77, 95% CI: 0.60–0.98), reinforcing the idea that leisure-based PA could
serve as a protective factor against unhealthy behaviors such as smoking. Similarly, VPA
remained significantly associated with 42% higher odds of alcohol consumption (OR = 1.42,
95% CI: 1.08–1.86), suggesting that individuals engaging in more intense PA might also be
prone to increased alcohol use, potentially as a coping mechanism for stress.

Overall, these findings suggest that PA engagement during the pandemic was asso-
ciated with shifts in health behaviors, with distinct patterns observed across different PA
domains. LePA was generally associated with health-protective behaviors, while OPA was
linked to riskier behaviors such as increased smoking and drinking.

3.3. Association Between Physical Activity and Mental Health Changes Among Chinese
Middle-Aged and Older Adults

Tables 3 and 4 also present the associations between PA engagement and mental health
outcomes (anxiety and fear) during the pandemic.

In the unadjusted models, individuals who engaged in all PA domains had signif-
icantly higher odds of experiencing anxiety and fear compared to physically inactive
individuals, except for LePA, which showed a slight but non-significant association with
fear. Notably, individuals who engaged in MPA had 50% higher odds of experienc-
ing anxiety (OR = 1.50, 95% CI: 1.40–1.61) and 58% higher odds of experiencing fear
(OR = 1.58, 95% CI: 1.47–1.69), suggesting that moderate levels of PA might have height-
ened psychological distress during the pandemic.

After adjusting for covariates, the findings remained consistent: individuals engag-
ing in any domain of PA had significantly higher odds of experiencing anxiety and fear
compared to those who were inactive. The associations were particularly pronounced for
individuals engaged in VPA (Anxiety: OR = 1.31, 95% CI: 1.22–1.42; Fear: OR = 1.30, 95% CI:
1.20–1.40), MPA (Anxiety: OR = 1.33, 95% CI: 1.24–1.42; Fear: OR = 1.38, 95% CI: 1.28–1.48),
and TPA (Anxiety: OR = 1.42, 95% CI: 1.28–1.57; Fear: OR = 1.49, 95% CI: 1.35–1.65).
These results suggest that while PA is generally associated with better mental health in
normal circumstances, the context of a public health crisis, particularly with lockdowns
and uncertainty, may have exacerbated pandemic-related fears and anxieties among active
individuals.

Overall, these results indicate that PA engagement was paradoxically associated with
heightened anxiety and fear during the pandemic, emphasizing the need for mental health
interventions tailored to active individuals during public health crises.
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Table 2. Characteristics of participants in study cohort.

Variables

Vigorous Physical
Activity (VPA)

Moderate Physical
Activity (MPA)

Light Physical
Activity (LPA)

Total Physical Activity
(TPA)

Leisure Physical
Activity (LPA)

Occupational Physical
Activity (OPA)

No Yes p
Value No Yes p

Value No Yes p
Value No Yes p

Value No Yes p
Value No Yes p

Value

N 10,791 6389 7234 9946 3758 13,422 2621 14,599 9342 7838 9641 7539

Age, n (%)
<61 y/o 4751

(44.03)
3599

(56.33) <0.001 2952
(40.81)

5398
(54.27) <0.001 1692

(45.02)
6658

(49.61) <0.001 971
(37.05)

7379
(50.68) <0.001 4951

(53.00)
3399

(43.37) <0.001 3785
(39.26)

4565
(60.55) <0.001

≥61 y/o 6040
(55.97)

2790
(43.67)

4282
(59.19)

4548
(45.73)

2066
(54.98)

6764
(50.39)

1650
(62.95)

7180
(49.32)

4391
(47.00)

4439
(56.63)

5856
(60.74)

2974
(39.45)

Gender,
n (%)

Male 4727
(43.81)

3353
(52.48) <0.001 3943

(54.51)
4137

(41.59) <0.001 1724
(45.88)

6356
(47.36) 0.108 1186

(45.25)
6894

(47.35) 0.047 4439
(47.52)

3641
(46.45) 0.164 4150

(43.05)
3930

(52.13) <0.001

Female 6064
(56.19)

3036
(47.52)

3291
(45.49)

5809
(58.41)

2034
(54.12)

7066
(52.64)

1435
(54.75)

7665
(52.65)

4903
(52.48)

4197
(53.55)

5491
(56.95)

3609
(47.87)

Education Level,
n (%)

Less than lower secondary
education

9159
(84.88)

5802
(90.81) <0.001 6416

(88.69)
8545

(85.91) <0.001 3487
(92.79)

11,474
(85.49) <0.001 2399

(91.53)
12,562
(86.28) <0.001 8462

(90.58)
6499

(82.92) <0.001 8147
(84.50)

6814
(90.38) <0.001

Upper secondary and
vocational training

1341
(12.43)

506
(7.92)

698
(9.65)

1149
(11.55)

242
(6.44)

1605
(11.96)

193
(7.36)

1654
(11.36)

774
(8.29)

1073
(13.69)

1197
(12.42)

650
(8.62)

Tertiary education 291
(2.70)

81
(1.27)

120
(1.66)

252
(2.53)

29
(0.77)

343
(2.56)

29
(1.11)

343
(2.36)

106
(1.13)

266
(3.39)

297
(3.08)

75
(0.99)

Marital Status, n
(%)

Not married 1898
(17.59)

676
(10.58) <0.001 1301

(17.98)
1273

(12.80) <0.001 641
(17.06)

1933
(14.40) <0.001 581

(22.17)
1993

(13.69) <0.001 1267
(13.56)

1307
(16.68) <0.001 1881

(19.51)
693

(9.19) <0.001

Married 8893
(82.41)

5713
(89.42)

5933
(82.02)

8673
(87.20)

3117
(82.94)

11,489
(85.60)

2040
(77.83)

12,566
(86.31)

8075
(86.44)

6531
(83.32)

7760
(80.49)

6846
(90.81)

Residency, n (%)

Rural 6050
(56.07)

4985
(78.02) <0.001 4750

(65.66)
6285

(63.19) 0.003 2779
(73.95)

8256
(61.51) <0.001 1808

(68.98)
9227

(63.38) <0.001 6717
(71.90)

4318
(55.09) <0.001 5417

(56.19)
5618

(74.52) <0.001

Combined zone 1448
(13.42)

648
(10.14)

862
(11.92)

1234
(12.41)

428
(11.39)

1668
(12.43)

312
(11.90)

1784
(12.25)

1033
(11.06)

1063
(13.56)

1252
(12.99)

844
(11.20)

Urban 3293
(30.52)

756
(11.83)

1622
(22.42)

2427
(24.40)

551
(14.66)

3498
(26.06)

501
(19.11)

3548
(24.37)

1592
(17.04)

2457
(31.35)

2972
(30.83)

1077
(14.29)
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Table 2. Cont.

Variables

Vigorous Physical
Activity (VPA)

Moderate Physical
Activity (MPA)

Light Physical Activity
(LPA)

Total Physical Activity
(TPA)

Leisure Physical
Activity (LPA)

Occupational Physical
Activity (OPA)

No Yes p
Value No Yes p

Value No Yes p
Value No Yes p

Value No Yes p
Value No Yes p

Value

Chronic Diseases,
n (%)

None 6745
(62.51)

4093
(64.06) 0.041 4554

(62.95)
6284

(63.18) 0.759 2397
(63.78)

8441
(62.89) 0.315 1634

(62.34)
9204

(63.22) 0.392 6008
(64.31)

4830
(61.62) <0.001 5932

(61.53)
4906

(65.07) <0.001

At least has any one type of
chronic diseases

4046
(37.49)

2296
(35.94)

2680
(37.05)

3662
(36.82)

1361
(36.22)

4981
(37.11)

987
(37.66)

5355
(36.78)

3334
(35.69)

3008
(38.38)

3709
(38.47)

2633
(34.93)

Self-Reported
Health, n (%)

Poor 8190
(75.90)

4751
(74.36) 0.024 5459

(75.46)
7482

(75.23) 0.722 2891
(76.93)

10,050
(74.88) 0.001 2054

(78.37)
10,887
(74.78) <0.001 7122

(76.24)
5819

(74.24) 0.003 7369
(76.43)

5572
(73.91) <0.001

Good 2601
(24.10)

1638
(25.64)

1775
(24.52)

2464
(24.77)

867
(23.07)

3372
(25.12)

567
(21.63)

3672
(25.22)

2220
(23.76)

2019
(25.76)

2272
(23.57)

1967
(26.09)

Anxiety, n (%)
No 6915

(64.08)
3724

(58.29) <0.001 4819
(66.62)

5820
(58.52) <0.001 2489

(66.23)
8150

(60.72) <0.001 1777
(67.80)

8862
(60.87) <0.001 5825

(62.35)
4814

(61.42) 0.209 6174
(64.04)

4465
(59.23) <0.001

Yes 3876
(35.92)

2665
(41.71)

2415
(33.38)

4126
(41.48)

1269
(33.77)

5272
(39.28)

844
(32.20)

5697
(39.13)

3517
(37.65)

3024
(38.58)

3467
(35.96)

3074
(40.77)
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Table 3. Results of the unadjusted model examining associations between PA domains and changes in health behaviors and mental health outcomes.

Change in Smoking
(n = 1426)

Change in Drinking
(n = 1923)

Change in Eating
(n = 2576)

Mask-Wearing
(n = 16,197)

Anxiety
(n = 17,180)

Fear
(n = 17,160)

Panic Purchasing of
Food

(n = 17,180)

Panic Purchasing of
Personal Protective

Equipment
(n = 17,180)

OR
(95% CI) p Value OR

(95% CI) p Value OR
(95% CI) p Value OR

(95% CI) p Value OR
(95% CI) p Value OR

(95% CI) p Value OR
(95% CI) p Value OR

(95% CI) p Value

Vigorous Physical
Activity (VPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.22
(0.97, 1.53) 0.095 1.43

(1.11, 1.85) 0.006 0.83
(0.68, 1.03) 0.088 0.86

(0.77, 0.95) 0.002 1.28
(1.19, 1.37) <0.001 1.27

(1.18, 1.36) <0.001 1.14
(1.05, 1.24) 0.001 1.13

(1.02, 1.24) 0.015

Moderate Physical
Activity (MPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.17
(0.93, 1.46) 0.184 1.05

(0.81, 1.37) 0.691 1.33
(1.08, 1.65) 0.008 1.5

(1.37, 1.66) <0.001 1.50
(1.40, 1.61) <0.001 1.58

(1.47, 1.69) <0.001 1.33
(1.23, 1.43) <0.001 1.44

(1.31, 1.58) <0.001

Light Physical Activity (LPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 0.79
(0.6, 1.04) 0.088 0.97

(0.69, 1.36) 0.846 1.07
(0.83, 1.39) 0.588 1.33

(1.19, 1.49) <0.001 1.31
(1.21, 1.43) <0.001 1.36

(1.25, 1.48) <0.001 1.34
(1.22, 1.47) <0.001 1.24

(1.11, 1.39) <0.001

Total Physical Activity (TPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.26
(0.91, 1.74) 0.167 1.54

(0.97, 2.43) 0.066 1.32
(0.98, 1.80) 0.072 1.48

(1.30, 1.69) <0.001 1.44
(1.31, 1.59) <0.001 1.52

(1.38, 1.67) <0.001 1.46
(1.32, 1.63) <0.001 1.39

(1.21, 1.59) <0.001

Leisure Physical
Activity (LePA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 0.71
(0.57, 0.90) 0.005 0.70

(0.54, 0.90) 0.006 1.29
(1.05, 1.58) 0.013 1.20

(1.09, 1.32) <0.001 1.08
(1.01, 1.16) 0.021 1.06

(0.99, 1.14) 0.084 1.24
(1.14, 1.33) <0.001 1.24

(1.13, 1.36) <0.001

Occupational Physical
Activity (OPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.45
(1.15, 1.83) 0.001 1.43

(1.10, 1.86) 0.007 0.83
(0.67, 1.02) 0.070 1.09

(0.99, 1.20) 0.079 1.22
(1.13, 1.30) <0.001 1.26

(1.18, 1.35) <0.001 1.12
(1.04, 1.21) 0.004 1.07

(0.97, 1.18) 0.157
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Table 4. Results of the adjusted model examining associations between PA domains and changes in health behaviors and mental health outcomes.

Change in Smoking 1

(n = 1426)
Change in Drinking 1

(n = 1923)
Change in Eating 1

(n = 2576)
Mask-Wearing 1

(n = 16,197)
Anxiety 2

(n = 17,180)
Fear 2

(n = 17,160)

Panic Purchasing of
Food 1

(n = 17,180)

Panic Purchasing of
Personal Protective

Equipment 1

(n = 17,180)

OR
(95% CI) p Value OR

(95% CI) p Value OR
(95% CI) p Value OR

(95% CI) p Value OR
(95% CI) p Value OR

(95% CI) p Value OR
(95% CI) p Value OR

(95% CI) p Value

Vigorous Physical
Activity (VPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.11
(0.87, 1.42) 0.397 1.42

(1.08, 1.86) 0.011 0.86
(0.69, 1.07) 0.168 0.87

(0.78, 0.96) 0.007 1.31
(1.22, 1.42) <0.001 1.30

(1.20, 1.40) <0.001 1.09
(1.01, 1.19) 0.036 1.16

(1.05, 1.29) 0.005

Moderate Physical
Activity (MPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.12
(0.88, 1.41) 0.356 1.09

(0.83, 1.43) 0.517 1.27
(1.02, 1.58) 0.034 1.28

(1.16, 1.42) <0.001 1.33
(1.24, 1.43) <0.001 1.38

(1.28, 1.48) <0.001 1.15
(1.07, 1.25) <0.001 1.24

(1.12, 1.37) <0.001

Light Physical Activity (LPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 0.80
(0.61, 1.06) 0.115 1.01

(0.71, 1.43) 0.958 1.00
(0.77, 1.30) 0.997 1.18

(1.06, 1.33) 0.004 1.34
(1.22, 1.46) <0.001 1.39

(1.27, 1.51) <0.001 1.26
(1.14, 1.38) <0.001 1.15

(1.02, 1.29) 0.023

Total Physical Activity (TPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.22
(0.87, 1.70) 0.251 1.60

(1.00, 2.55) 0.048 1.23
(0.90, 1.68) 0.196 1.28

(1.12, 1.46) <0.001 1.42
(1.28, 1.57) <0.001 1.49

(1.35, 1.65) <0.001 1.31
(1.17, 1.46) <0.001 1.25

(1.09, 1.43) 0.001

Leisure Physical
Activity (LePA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 0.77
(0.60, 0.98) 0.032 0.72

(0.55, 0.95) 0.022 1.25
(1.01, 1.54) 0.037 1.19

(1.08, 1.31) 0.001 1.15
(1.07, 1.24) <0.001 1.14

(1.06, 1.22) <0.001 1.27
(1.17, 1.37) <0.001 1.24

(1.12, 1.36) <0.001

Occupational Physical
Activity (OPA)

No Ref Ref Ref Ref Ref Ref Ref Ref

Yes 1.30
(1.01, 1.67) 0.039 1.31

(0.99, 1.74) 0.055 0.81
(0.65, 1.01) 0.063 1.02

(0.92, 1.13) 0.714 1.20
(1.11, 1.29) <0.001 1.24

(1.15, 1.33) <0.001 1.02
(0.94, 1.11) 0.649 1.03

(0.93, 1.14) 0.531

1 Adjusted by age, gender, education level, marital status, residency, anxiety, chronic disease, and self-reported health. 2 Adjusted by age, gender, education level, marital status,
residency, chronic disease, and self-reported health.
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4. Discussion
Using 2020 data from CHARLS, we identified associations between usual-week phys-

ical activities and changes in health behaviors, as well as a positive association between
usual-week PA and the experience of anxiety and fear during the pandemic, which sub-
sequently influenced the propensity for panic purchases of food and PPE. This study
also found that LePA and OPA have opposite impacts on behavior changes in smoking,
drinking, and eating during the pandemic outbreak. To the best of our knowledge, this
is the first study to explore the association between six domains of regular PA and health
behavior changes, and the relationship between regular PA and mental status, among
Chinese middle-aged and older adults during the pandemic.

This study provided a unique perspective into associations between mental sta-
tus/behaviors driven by mental status and all six domains of PA. Specifically, middle-aged
and older adults who engaged in regular weekly PA were positively associated with anxiety
and fear during the pandemic outbreak in China. While this finding contradicts prior stud-
ies suggesting that PA generally reduces stress and anxiety [7,38–40], it aligns with more
recent research that highlights the complex psychological responses to pandemic-related
disruptions [41,42]. Moreover, it is important to acknowledge that individual experiences
of anxiety and fear may vary across demographic subgroups such as age, gender, and
socioeconomic status. For example, older adults may have been more concerned about
COVID-19’s health risks, while younger adults may have faced heightened financial uncer-
tainty. Gender differences in caregiving responsibilities and employment disruptions may
also have influenced mental health outcomes. Future research should investigate these
subgroup differences to better understand how PA-related psychological responses differ
based on demographic characteristics.

One possible explanation for this paradoxical association lies in the Health Belief
Model (HBM) [43], which posits that individuals’ health behaviors are influenced by per-
ceived susceptibility, severity, benefits, and barriers. Active individuals tend to be more
health-conscious and may have perceived themselves as highly vulnerable to disruptions
in their routines due to lockdown measures. Given their heightened awareness of the
importance of maintaining an active lifestyle for both physical and mental well-being, they
may have experienced greater anxiety regarding restrictions on movement, gym closures,
and limited access to outdoor activities. This heightened perceived susceptibility to the
adverse effects of inactivity could have contributed to increased psychological distress
during the pandemic. Furthermore, the Allostatic Load Theory (ALT) [44] provides another
theoretical explanation. This theory describes how chronic exposure to stressors—including
public health crises like COVID-19—leads to cumulative physiological wear and tear, ulti-
mately affecting mental health outcomes. During the pandemic, individuals with habitual
PA routines may have faced significant lifestyle disruptions, leading to increased stress
levels due to concerns about maintaining their fitness, immune function, and long-term
health. This heightened stress response, compounded by pandemic-related uncertainties,
may have contributed to the observed associations between higher PA engagement and
increased fear and anxiety. Additionally, the timing of data collection may have played
a role in these findings. The CHARLS questionnaire assessing anxiety and fear was ad-
ministered during the critical outbreak period (25 January to 22 February 2020 [25]), when
lockdowns [45], travel restrictions [46], and shortages of protective equipment were at
their peak in China [47,48]. Individuals with regular exercise habits might have felt par-
ticularly vulnerable to these disruptions, intensifying their stress responses. Moreover,
differences in access to outdoor spaces, financial stability, and health literacy may have fur-
ther shaped individual responses to the pandemic. Those with fewer resources or limited
ability to engage in LePA may have experienced greater stress due to disruptions in their
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routines and heightened concerns about health and economic stability. Therefore, due to the
heightened fears that the outbreak of COVID-19 might lead to changes in health behaviors
such as decreased PA [49], individuals who regularly engage in PA may be more likely to
adopt preventive health behaviors, such as stockpiling food, purchasing protective equip-
ment, and closely monitoring health-related information, which could further reinforce
pandemic-related anxiety.

In the first three days after Wuhan’s lockdown due to the pandemic, our study iden-
tified no significant association between occupational PA and behaviors such as panic
purchases of food and PPE. This may be attributed to the specific nature of work-related
PA, which differs from other domains of PA, such as leisure or household activities, which
tend to be more adaptable and closely integrated with personal routines. Additionally,
OPA typically refers to the movement within one’s professional role. Individuals engaged
in OPA may have prioritized concerns regarding anxiety and fears related to job security or
the transition to remote work over immediate health threats. This assumption was further
supported by the insignificant association between OPA and wearing a mask during the
pandemic. Apart from OPA and VPA, participants who engaged in MPA, LPA, TPA, and
LePA exhibited a significant positive association with mask-wearing. This aligned with
the existing literature [50–52], suggesting that individuals who regularly engage in PA
tend to possess heightened health consciousness and are more inclined to stay informed
about public health guidelines. These individuals recognize the significance of preventive
measures like mask-wearing, particularly in settings with elevated risks of COVID-19
transmission. However, the negative association between VPA and mask-wearing may be
attributed to several factors, including the discomfort and breathing difficulties caused by
wearing a mask, and a lower risk of transmission in outdoor environments [53].

In line with other studies [16,54], the results showed that higher rates of intensive PA
significantly increased alcohol consumption during the pandemic outbreak. High-intensity
workouts are known to reduce stress levels, but some individuals may also turn to alcohol
as a coping mechanism for relaxation or escape when social activities are limited [55].
Participants who engaged in LePA significantly reduced alcohol use, decreased smoking,
and increased food intake, which confirmed that participants who consistently engaged
in regular leisure-time PA are more likely to adopt other health-conscious behaviors to
improve their overall well-being and avoid health risks during the pandemic, such as
avoiding harmful habits like smoking and drinking and ensuring a balanced diet [56,57].
However, OPA exhibited a contrasting pattern, with participants engaged in OPA showing
increased smoking, alcohol use, and reduced food intake, highlighting adverse health
behavior changes relative to LePA. This finding aligns with the perspective that individuals
engaged in OPA experienced heightened anxiety regarding job uncertainty during the
outbreak, rather than concerns about their health. The socio-cultural context of China may
further explain these observed associations between OPA and health behavior changes.
Unlike structured workplace environments in Western countries, OPA in China, especially
in rural areas, is often characterized by labor-intensive agricultural and manual work,
which continued despite pandemic restrictions [58]. Many individuals engaged in OPA
faced economic pressures and job insecurity, as their work was essential but lacked the
flexibility of remote employment. The necessity to maintain livelihoods may have led to
increased stress levels, influencing behaviors such as smoking, alcohol consumption, and
dietary habits. Additionally, China’s strong collectivist culture and intergenerational family
structures [59] may have influenced PA engagement and health behavior changes during
the pandemic. Middle-aged and older adults often prioritize their family’s well-being over
their own health. Balancing work, caregiving, and household responsibilities may limit
their ability to engage in structured PA. Unlike in individualistic societies where PA is often



Int. J. Environ. Res. Public Health 2025, 22, 201 16 of 20

pursued for personal health benefits, PA engagement in China is deeply intertwined with
familial obligations and social structures, further shaping its impact on health behaviors.

Moreover, the blurred boundaries between work and daily life in rural and informal
employment settings may have contributed to these contrasting effects of OPA and LePA.
Unlike LePA, which is a conscious health-promoting activity, OPA may not provide the
same psychological or physiological benefits, reinforcing divergent health behavior patterns.
Compared to individuals with sedentary jobs or those working from home, OPA workers
may have been more affected by the disruptions caused by the pandemic. This could
explain why those engaged in OPA exhibited unfavorable changes in health behaviors,
as they navigated heightened financial uncertainty and workplace instability. Lastly, no
significant association was identified between any categories of PA and changes in sleep,
suggesting that PA intensity alone may not directly impact sleep behaviors in the context
of a public health crisis.

The present study has some limitations. First, PA, health behavior changes, and
mental health outcomes were all self-reported, which may introduce potential biases, such
as recall bias and social desirability bias. These limitations suggest that the observed
associations between PA and health behaviors, while valuable, should be interpreted
with caution. In particular, anxiety and fear were assessed based on respondents’ self-
perceived frequency rather than standardized scientific instruments, such as the Center
for Epidemiologic Studies Depression Scale (CES-D-10). Specifically, these outcomes were
evaluated by frequency categories (rarely or never, not often, sometimes, often) rather
than using validated scales. While this approach was constrained by data availability, the
use of standardized measures would have enhanced the reliability and comparability of
the findings. Moreover, there was no clear classification of mental conditions based on
their underlying causes. Additionally, pandemic-specific stress factors, individual coping
strategies, and potential regional disparities in health behaviors were not examined due
to data limitations, leaving a gap in understanding the potential effects of PA on mental
health during such crises. Future studies should address these aspects to provide a more
comprehensive analysis.

Second, listwise deletion was applied to handle missing data, ensuring a complete
dataset for analysis. While this approach minimizes bias in estimation, it may introduce
some selection bias, as individuals with incomplete covariate data were excluded from the
final analytical sample. Future research may consider multiple imputation techniques to
assess the robustness of findings when handling missing data. Additionally, we excluded
the “no change” group from the analysis of changes in smoking, drinking, and eating
behaviors due to the high percentage of participants in this category. This exclusion was
necessary to maintain statistical validity, as including the “no change” group would have
substantially influenced regression estimates and could not be combined with either the
“increased” or “decreased” group. As a result, the study sample used to examine PA’s
associations with changes in drinking, smoking, and eating behaviors was smaller than in
other analyses, potentially introducing bias and limiting the generalizability of these specific
findings. Third, BMI and other anthropometry variables, such as height, weight, and waist
circumference data, were not available in CHARLS since wave 4 (2018). The absence of these
variables may reduce the model’s validity, particularly in assessing PA’s relationship with
overall health. Fourth, due to space and data constraints, we did not further classify TPA,
LePA, and OPA into vigorous, moderate, and light intensity categories. This classification
could provide deeper insights into how different PA intensities influence health behaviors.
Similarly, potential interactions between different PA types were not examined in this study.
Future research should investigate whether various PA domains interact in shaping health
behavior modifications and mental health outcomes, as such interactions may provide a



Int. J. Environ. Res. Public Health 2025, 22, 201 17 of 20

more nuanced understanding of PA’s role in behavioral adaptations during public health
crises. Finally, while our study focused on immediate psychological responses during
the pandemic, it is critical to consider potential long-term mental health consequences.
Although heightened anxiety during the pandemic may have been an acute response to
external stressors, prolonged psychological distress could contribute to chronic mental
health issues, including sleep disturbances and maladaptive coping mechanisms such
as increased alcohol consumption or social avoidance. Longitudinal studies are needed
to examine whether these psychological effects persisted beyond the acute phase of the
pandemic and how they may have influenced future PA behaviors and overall mental
health trajectories.

5. Conclusions
This study comprehensively examines the associations between six domains of PA

and health behavior changes, as well as their relationships with mental well-being, during
the COVID-19 outbreak among middle-aged and older adults in China. Our findings
support the hypothesis that PA engagement is associated with changes in smoking, alcohol
consumption, dietary habits, anxiety, and fear during the pandemic. Specifically, LePA was
positively associated with increased anxiety, fear, and panic purchasing behaviors, while
also leading to beneficial changes such as reduced smoking and alcohol consumption and
increased food intake. This suggests that while individuals engaging in leisure-time PA may
have adopted healthier behaviors, they also exhibited heightened psychological distress
due to pandemic-related disruptions. Conversely, OPA exhibited opposite associations
with these behaviors, being linked to increased smoking and alcohol consumption, which
may reflect the influence of occupational stress and job-related uncertainties during the
pandemic. These findings highlight the distinct effects of PA domains on behavioral
adaptations during public health crises.

In light of these findings, the following recommendations are proposed: First, devel-
oping mental health interventions specifically tailored to managing anxiety and fear during
pandemics is crucial. These interventions could include community-based mental health
programs, telehealth counseling services, and education campaigns focused on coping
strategies to reduce stress and panic purchasing behaviors. Second, it is essential to separate
PA into leisure-related and work-related activities due to their distinct impacts on health
behaviors, well-being, and lifestyle. Public health initiatives could promote leisure-time PA
through accessible home-based exercise programs, while addressing workplace stressors
to mitigate negative effects associated with occupational PA. Finally, while this study did
not find significant effects of varying PA levels on some health behavior changes, future
longitudinal research is necessary to further investigate these associations. Such research
should examine how different intensities and domains of PA influence long-term health
behavior changes, particularly under crisis conditions like pandemics.

Author Contributions: Conceptualization, N.H. and W.Y.; methodology, N.H. and W.Y.; software,
W.Y.; validation, N.H. and W.Y.; formal analysis, W.Y.; investigation, N.H. and W.Y.; data curation,
W.Y. and N.S.-A.; writing—original draft preparation, W.Y., N.S.-A., D.C., and S.C.; writing—review
and editing, N.H., W.Y., N.S.-A., D.C., and S.C.; visualization, N.S.-A. and D.C.; supervision, N.H. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and ethical approval was granted by the Institutional Review Board (IRB) at Peking
University. The IRB approval number for the main household survey is IRB00001052-11015.

Informed Consent Statement: Not applicable.



Int. J. Environ. Res. Public Health 2025, 22, 201 18 of 20

Data Availability Statement: The data used in this study were obtained from the publicly avail-
able China Health and Retirement Longitudinal Study (CHARLS) database, which is hosted by
the National School of Development at Peking University. The CHARLS dataset is accessible to
researchers through an application process to ensure compliance with privacy and ethical consid-
erations. Researchers can request access to the data at http://charls.pku.edu.cn/en (accessed on
16 November 2024).

Acknowledgments: The authors would like to thank Ayodele Tyndall for her valuable assistance
in writing and editing the Section 2. Special thanks are also extended to Yinyi Zhao for his tech-
nical support and contributions to formatting the manuscript. The authors would like to thank
Justin A. Hu for his insights into this research topic and assistance in writing and correcting
grammatical issues.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Mallah, S.I.; Ghorab, O.K.; Al-Salmi, S.; Abdellatif, O.S.; Tharmaratnam, T.; Iskandar, M.A.; Sefen, J.A.N.; Sidhu, P.; Atallah, B.;

El-Lababidi, R.; et al. COVID-19: Breaking down a global health crisis. Ann. Clin. Microb. Anti 2021, 20, 35. [CrossRef] [PubMed]
2. Afrashtehfar, K.I.; Jurado, C.A.; Al-Sammarraie, A.; Saeed, M.H. Consequences of COVID-19 and its variants: Understanding the

physical, oral, and psychological impact. Int. J. Environ. Res. Public. Health 2023, 20, 3099. [CrossRef]
3. Tison, G.H.; Avram, R.; Kuhar, P.; Abreau, S.; Marcus, G.M.; Pletcher, M.J.; Olgin, J.E. Worldwide effect of COVID-19 on physical

activity: A descriptive study. Ann. Intern. Med. 2020, 173, 767–770. [CrossRef] [PubMed]
4. To, Q.G.; Duncan, M.J.; Van Itallie, A.; Vandelanotte, C. Impact of COVID-19 on physical activity among 10,000 steps members

and engagement with the program in Australia: Prospective study. J. Med. Internet Res. 2021, 23, e23946. [CrossRef]
5. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity

and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport. Exerc.
Med. 2021, 7, e000960. [CrossRef]

6. Warburton, D.E.; Nicol, C.W.; Bredin, S.S. Health benefits of physical activity: The evidence. CMAJ 2006, 174, 801–809. [CrossRef]
7. Marconcin, P.; Werneck, A.O.; Peralta, M.; Ihle, A.; Gouveia, É.R.; Ferrari, G.; Sarmento, H.; Marques, A. The association between

physical activity and mental health during the first year of the COVID-19 pandemic: A systematic review. BMC Public. Health
2022, 22, 209. [CrossRef] [PubMed]

8. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Brit. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef] [PubMed]

9. Vishwakarma, D.; Gaidhane, A.M.; Choudhari, S.G. The global impact of COVID-19 on mental health of general population: A
narrative review. Cureus 2022, 14, e30627. [CrossRef]

10. Taylor, S. Understanding and managing pandemic-related panic buying. J. Anxiety Disord. 2021, 78, 102364. [CrossRef]
11. Hailey, V.; Burton, A.; Hamer, M.; Fancourt, D.; Fisher, A. Physical activity during the COVID-19 pandemic in the UK: A

qualitative analysis of free-text survey data. Int. J. Environ. Res. Public. Health 2022, 19, 14784. [CrossRef] [PubMed]
12. Johnston, E.; Bains, M.; Hunter, A.; Langley, T. The impact of the COVID-19 pandemic on smoking, vaping, and smoking cessation

services in the United Kingdom: A qualitative study. Nicotine Tob. Res. 2023, 25, 339–344. [CrossRef] [PubMed]
13. Roberts, A.; Rogers, J.; Mason, R.; Siriwardena, A.N.; Hogue, T.; Whitley, G.A.; Law, G.R. Alcohol and other substance use during

the COVID-19 pandemic: A systematic review. Drug Alcohol. Depend. 2021, 229, 109150. [CrossRef]
14. Lamy, E.; Viegas, C.; Rocha, A.; Lucas, M.R.; Tavares, S.; e Silva, F.C.; Guedes, D.; Laureati, M.; Zian, Z.; Machado, A.S.; et al.

Changes in food behavior during the first lockdown of COVID-19 pandemic: A multi-country study about changes in eating
habits, motivations, and food-related behaviors. Food Qual. PRefer. 2022, 99, 104559. [CrossRef] [PubMed]

15. Kan, F.P.; Raoofi, S.; Rafiei, S.; Khani, S.; Hosseinifard, H.; Tajik, F.; Raoofi, N.; Ahmadi, S.; Aghalou, S.; Torabi, F.; et al. A
systematic review of the prevalence of anxiety among the general population during the COVID-19 pandemic. J. Affect. Disord.
2021, 293, 391–398. [CrossRef]

16. Akwa, L.G.; Smith, L.; Twiddy, M.; Abt, G.; Garnett, C.; Oldham, M.; Shahab, L.; Herbec, A. Associations between physical
activity, sedentary behaviour, and alcohol consumption among UK adults: Findings from the Health Behaviours during the
COVID-19 pandemic (HEBECO) study. PLoS ONE 2023, 18, e0287199. [CrossRef]

17. Ammar, A.; Brach, M.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudi, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.; et al.
Effects of COVID-19 home confinement on eating behaviour and physical activity: Results of the ECLB-COVID19 international
online survey. Nutrients 2020, 12, 1583. [CrossRef]

http://charls.pku.edu.cn/en
https://doi.org/10.1186/s12941-021-00438-7
https://www.ncbi.nlm.nih.gov/pubmed/34006330
https://doi.org/10.3390/ijerph20043099
https://doi.org/10.7326/M20-2665
https://www.ncbi.nlm.nih.gov/pubmed/32598162
https://doi.org/10.2196/23946
https://doi.org/10.1136/bmjsem-2020-000960
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1186/s12889-022-12590-6
https://www.ncbi.nlm.nih.gov/pubmed/35101022
https://doi.org/10.1136/bjsports-2020-102955
https://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.7759/cureus.30627
https://doi.org/10.1016/j.janxdis.2021.102364
https://doi.org/10.3390/ijerph192214784
https://www.ncbi.nlm.nih.gov/pubmed/36429501
https://doi.org/10.1093/ntr/ntac227
https://www.ncbi.nlm.nih.gov/pubmed/36218530
https://doi.org/10.1016/j.drugalcdep.2021.109150
https://doi.org/10.1016/j.foodqual.2022.104559
https://www.ncbi.nlm.nih.gov/pubmed/35169381
https://doi.org/10.1016/j.jad.2021.06.073
https://doi.org/10.1371/journal.pone.0287199
https://doi.org/10.3390/nu12061583


Int. J. Environ. Res. Public Health 2025, 22, 201 19 of 20

18. Tie, Y.; Tian, W.; Chen, Y.; Wang, R.; Shi, P.; Feng, X. The relationship between physical exercise and smoking behavior among
Chinese residents aged 16 years and older. Sci. Rep. 2023, 13, 4557. [CrossRef] [PubMed]

19. Flaudias, V.; Iceta, S.; Zerhouni, O.; Rodgers, R.F.; Billieux, J.; Llorca, P.M.; Boudesseul, J.; De Chazeron, I.; Romo, L.; Maurage, P.;
et al. COVID-19 pandemic lockdown and problematic eating behaviors in a student population. J. Behav. Addict. 2020, 9, 826–835.
[CrossRef]

20. Alomari, M.A.; Khabour, O.F.; Alzoubi, K.H.; Keewan, E. Changes in dietary habits and eating behaviors during COVID-19
induced confinement: A study from Jordan. Hum. Nutr. Metab. 2022, 30, 200169. [CrossRef] [PubMed]

21. Sánchez-Arenas, R.; Doubova, S.V.; González-Pérez, M.A.; Pérez-Cuevas, R. Factors associated with COVID-19 preventive health
behaviors among the general public in Mexico City and the State of Mexico. PLoS ONE 2021, 16, e0254435. [CrossRef] [PubMed]

22. Scheid, J.L.; Edwards, C.; Seils, M.; West, S.L. Perceived exertion during moderate and vigorous physical activity while mask
wearing: A quantitative and qualitative pilot study. Int. J. Environ. Res. Public Health 2022, 19, 5698. [CrossRef]

23. Li, M.; Wang, Q.; Shen, J. The impact of physical activity on mental health during COVID-19 pandemic in China: A systematic
review. Int. J. Environ. Res. Public Health 2022, 19, 6584. [CrossRef] [PubMed]

24. Violant-Holz, V.; Gallego-Jiménez, M.G.; González-González, C.S.; Muñoz-Violant, S.; Rodríguez, M.J.; Sansano-Nadal, O.;
Guerra-Balic, M. Psychological health and physical activity levels during the COVID-19 pandemic: A systematic review. Int. J.
Environ. Res. Public Health 2020, 17, 9419. [CrossRef]

25. Zhao, Y.; Chen, X.; Wang, Y.; Meng, Q.; Bo, H.; Chen, C. China Health and Retirement Longitudinal Study Wave 5 (2020) User Guide;
National School of Development, Peking University: Beijing, China, 2023. Available online: https://charls.charlsdata.com/
Public/ashelf/public/uploads/document/2020-charls-wave5/application/CHARLS_2020_User_Guide_English.pdf (accessed
on 16 November 2024).

26. Zhao, Y.; Hu, Y.; Smith, J.P.; Strauss, J.; Yang, G. Cohort profile: The China health and retirement longitudinal study (CHARLS).
Int. J. Epidemiol. 2014, 43, 61–68. [CrossRef] [PubMed]

27. Philip, M.; Mahakalka, C.; Kapl, M.; Kshirsagar, S.; Shukla, A. Mental and behavioral changes during COVID 19 pandemic and
how to deal with it. J. Cri Rev. 2020, 7, 1105–1112.

28. Rossinot, H.; Fantin, R.; Venne, J. Behavioral changes during COVID-19 confinement in France: A web-based study. Int. J. Environ.
Res. Public Health 2020, 17, 8444. [CrossRef]

29. National School of Development Institute for Social Science Survey, Peking University. China Health and Retirement Longitudinal
Study Wave 5 (2020) Questionnaire. Version ID: 20231106. NOV. 2023. Available online: https://charls.charlsdata.com/Public/
ashelf/public/uploads/document/2020-charls-wave5/application/CHARLS_2020_Questionnaire_English.pdf (accessed on
10 January 2025).

30. Sjostrom, M.; Ainsworth, B.E.; Bauman, A.; Bull, F.C.; Hamilton-Craig, C.R.; Sallis, J.F. Guidelines for Data Processing Analysis of
the International Physical Activity Questionnaire (IPAQ)-Short and Long Forms. 2005. Available online: https://biobank.ndph.
ox.ac.uk/showcase/showcase/docs/ipaq_analysis.pdf (accessed on 16 November 2024).

31. Li, X.; Zhang, W.; Zhang, W.; Tao, K.; Ni, W.; Wang, K.; Li, Z.; Liu, Q.; Lin, J. Level of physical activity among middle-aged and
older Chinese people: Evidence from the China health and retirement longitudinal study. BMC Public. Health 2020, 20, 1–13.
[CrossRef] [PubMed]

32. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.;
Sallis, J.F.; et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35,
1381–1395. [CrossRef]

33. Tian, Y.; Shi, Z. Effects of physical activity on daily physical function in Chinese middle-aged and older adults: A longitudinal
study from CHARLS. J. Cli Med. 2022, 11, 6514. [CrossRef] [PubMed]

34. Zhou, M.; Kuang, L.; Hu, N. The association between physical activity and intrinsic capacity in Chinese older adults and its
connection to primary care: China Health and Retirement Longitudinal Study (CHARLS). Int. J. Environ. Res. Public Health 2023,
20, 5361. [CrossRef]

35. Deng, Y.; Paul, D.R. The relationships between depressive symptoms, functional health status, physical activity, and the availability
of recreational facilities: A rural-urban comparison in middle-aged and older Chinese adults. Int. J. Behav. Med. 2018, 25, 322–330.
[CrossRef] [PubMed]

36. Kim, Y.S.; Park, Y.S.; Allegrante, J.P.; Marks, R.; Ok, H.; Cho, K.O.; Garber, C.E. Relationship between physical activity and general
mental health. Prev. Med. 2012, 55, 458–463. [CrossRef] [PubMed]

37. Breslow, N.E.; Clayton, D.G. Approximate inference in generalized linear mixed models. J. Am. Stat. Assoc. 1993, 88, 9–25.
[CrossRef]

38. O’Brien, L.; Forster, J. Physical activity supporting connection to nature, and helping to maintain wellbeing during the Covid-19
restrictions in England. Int. J. Environ. Res. Public Health 2021, 18, 4585. [CrossRef]

https://doi.org/10.1038/s41598-023-31511-0
https://www.ncbi.nlm.nih.gov/pubmed/36941329
https://doi.org/10.1556/2006.2020.00053
https://doi.org/10.1016/j.hnm.2022.200169
https://www.ncbi.nlm.nih.gov/pubmed/38620861
https://doi.org/10.1371/journal.pone.0254435
https://www.ncbi.nlm.nih.gov/pubmed/34297730
https://doi.org/10.3390/ijerph19095698
https://doi.org/10.3390/ijerph19116584
https://www.ncbi.nlm.nih.gov/pubmed/35682172
https://doi.org/10.3390/ijerph17249419
https://charls.charlsdata.com/Public/ashelf/public/uploads/document/2020-charls-wave5/application/CHARLS_2020_User_Guide_English.pdf
https://charls.charlsdata.com/Public/ashelf/public/uploads/document/2020-charls-wave5/application/CHARLS_2020_User_Guide_English.pdf
https://doi.org/10.1093/ije/dys203
https://www.ncbi.nlm.nih.gov/pubmed/23243115
https://doi.org/10.3390/ijerph17228444
https://charls.charlsdata.com/Public/ashelf/public/uploads/document/2020-charls-wave5/application/CHARLS_2020_Questionnaire_English.pdf
https://charls.charlsdata.com/Public/ashelf/public/uploads/document/2020-charls-wave5/application/CHARLS_2020_Questionnaire_English.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/ipaq_analysis.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/ipaq_analysis.pdf
https://doi.org/10.1186/s12889-020-09671-9
https://www.ncbi.nlm.nih.gov/pubmed/33172439
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.3390/jcm11216514
https://www.ncbi.nlm.nih.gov/pubmed/36362742
https://doi.org/10.3390/ijerph20075361
https://doi.org/10.1007/s12529-018-9714-3
https://www.ncbi.nlm.nih.gov/pubmed/29498014
https://doi.org/10.1016/j.ypmed.2012.08.021
https://www.ncbi.nlm.nih.gov/pubmed/22981733
https://doi.org/10.1080/01621459.1993.10594284
https://doi.org/10.3390/ijerph18094585


Int. J. Environ. Res. Public Health 2025, 22, 201 20 of 20

39. Zalewska, A.; Gałczyk, M.; Sobolewski, M.; Białokoz-Kalinowska, I. Depression as compared to level of physical activity and
internet addiction among polish physiotherapy students during the COVID-19 pandemic. Int. J. Environ. Res. Public Health 2021,
18, 10072. [CrossRef]

40. Morbée, S.; Beeckman, M.; Loeys, T.; Waterschoot, J.; Cardon, G.; Haerens, L.; Vansteenkiste, M. An examination of the reciprocal
associations between physical activity and anxiety, depressive symptoms, and sleep quality during the first 9 weeks of the
COVID-19 pandemic in Belgium. Ment. Health Phys. Act. 2023, 24, 100500. [CrossRef]

41. Choi, Y.; Lee, M.; Kim, H.; Suzuki, A.; Kang, Y.; Park, S. Association between COVID-19 prevention behaviors and perceived fear in
Moroccan youth. Moroc. J. Public Heath 2024, 6. Available online: https://revues.imist.ma/index.php/MJPH/article/view/47269
(accessed on 16 November 2024).

42. Lee, T.J. The Relationships Between Physical Activity Behaviors and Self-Perceived Fear and Anxiety Of COVID-19, Psychological
Distress, Sleep Disturbance, and Life Satisfaction. Master’s Thesis, Southern Illinois University, Carbondale, IL, USA, 2024.
Available online: https://opensiuc.lib.siu.edu/gs_rp/1121/ (accessed on 16 November 2024).

43. Janz, N.K.; Becker, M.H. The health belief model: A decade later. Health Educ. Q. 1984, 11, 1–47. [CrossRef] [PubMed]
44. McEwen, B.S. Stress, adaptation, and disease: Allostasis and allostatic load. Ann. N. Y. Acad. Sci. 1998, 840, 33–44. [CrossRef]

[PubMed]
45. Wang, P.; Shi, H.; Wu, X.; Jiao, L. Sentiment analysis of rumor spread amid COVID-19: Based on weibo text. Healthcare 2021,

9, 1275. [CrossRef] [PubMed]
46. Kraemer, M.U.G.; Yang, C.-H.; Gutierrez, B.; Wu, C.-H.; Klein, B.; Pigott, D.M.; du Plessis, L.; Faria, N.R.; Li, R.; Hanage, W.P.; et al.

The effect of human mobility and control measures on the COVID-19 epidemic in China. Science 2020, 368, 493–497. [CrossRef]
47. Feng, S.; Shen, C.; Xia, N.; Song, W.; Fan, M.; Cowling, B.J. Rational use of face masks in the COVID-19 pandemic. Lancet Respir.

Med. 2020, 8, 434–436. [CrossRef] [PubMed]
48. Tan, M.; Wang, Y.; Luo, L.; Hu, J. How the public used face masks in China during the coronavirus disease pandemic: A survey

study. Int. J. Nurs. Stud. 2021, 115, 103853. [CrossRef]
49. Han, S.Y.; Jang, H.Y.; Ko, Y. COVID-19-related anxiety and lifestyle changes. Front. Public Health 2022, 10, 886137. [CrossRef]

[PubMed]
50. Cohen, D.A.; Talarowski, M.; Awomolo, O.; Han, B.; Williamson, S.; McKenzie, T.L. Systematic observation of mask adherence

and distancing (SOMAD): Findings from Philadelphia. Prev. Med. Rep. 2021, 23, 101449. [CrossRef] [PubMed]
51. Cunningham, G.B. Physical activity and its relationship with COVID-19 cases and deaths: Analysis of US counties. J. Sport. Health

Sci. 2021, 10, 570–576. [CrossRef] [PubMed]
52. Cross, T.J.; Isautier, J.M.; Morris, S.J.; Johnson, B.D.; Wheatley-Guy, C.M.; Taylor, B.J. The influence of social distancing behaviors

and psychosocial factors on physical activity during the COVID-19 pandemic: Cross-sectional survey study. JMIR Public. Health
Surveill. 2021, 7, e31278. [CrossRef] [PubMed]

53. Centers for Disease Control and Prevention. Considerations for Wearing Cloth Face Coverings; Help Slow the Spread of
COVID-19. Available online: https://stacks.cdc.gov/view/cdc/90553 (accessed on 16 November 2024).

54. Dodge, T.; Clarke, P.; Dwan, R. The relationship between physical activity and alcohol use among adults in the United States: A
systematic review of the literature. Am. J. Health Promot. 2017, 31, 97–108. [CrossRef]

55. Alpers, S.E.; Pallesen, S.; Vold, J.H.; Haug, E.; Lunde, L.H.; Skogen, J.C.; Mamen, A.; Mæland, S.; Fadnes, L.T. The association
between psychological distress and alcohol consumption and physical activity: A population-based cohort study. Front. Psychiatry
2023, 14, 1181046. [CrossRef]

56. Lounassalo, I.; Hirvensalo, M.; Palomäki, S.; Salin, K.; Tolvanen, A.; Pahkala, K.; Rovio, S.; Fogelholm, M.; Yang, X.; Hutri-
Kähönen, N.; et al. Life-course leisure-time physical activity trajectories in relation to health-related behaviors in adulthood: The
Cardiovascular Risk in Young Finns study. BMC Public Health 2021, 21, 533. [CrossRef]

57. Fleig, L.; Küper, C.; Lippke, S.; Schwarzer, R.; Wiedemann, A.U. Cross-behavior associations and multiple health behavior change:
A longitudinal study on physical activity and fruit and vegetable intake. J. Health Psychol. 2015, 20, 525–534. [CrossRef] [PubMed]

58. Pan, D.; Yang, J.; Zhou, G.; Kong, F. The influence of COVID-19 on agricultural economy and emergency mitigation measures in
China: A text mining analysis. PLoS ONE 2020, 15, e0241167. [CrossRef]

59. Hu, Z.; Peng, X. Household changes in contemporary China: An analysis based on the four recent censuses. J. Chin. Sociol. 2015,
2, 9. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijerph181910072
https://doi.org/10.1016/j.mhpa.2022.100500
https://revues.imist.ma/index.php/MJPH/article/view/47269
https://opensiuc.lib.siu.edu/gs_rp/1121/
https://doi.org/10.1177/109019818401100101
https://www.ncbi.nlm.nih.gov/pubmed/6392204
https://doi.org/10.1111/j.1749-6632.1998.tb09546.x
https://www.ncbi.nlm.nih.gov/pubmed/9629234
https://doi.org/10.3390/healthcare9101275
https://www.ncbi.nlm.nih.gov/pubmed/34682955
https://doi.org/10.1126/science.abb4218
https://doi.org/10.1016/S2213-2600(20)30134-X
https://www.ncbi.nlm.nih.gov/pubmed/32203710
https://doi.org/10.1016/j.ijnurstu.2020.103853
https://doi.org/10.3389/fpubh.2022.886137
https://www.ncbi.nlm.nih.gov/pubmed/36388278
https://doi.org/10.1016/j.pmedr.2021.101449
https://www.ncbi.nlm.nih.gov/pubmed/34155476
https://doi.org/10.1016/j.jshs.2021.03.008
https://www.ncbi.nlm.nih.gov/pubmed/33775882
https://doi.org/10.2196/31278
https://www.ncbi.nlm.nih.gov/pubmed/34509976
https://stacks.cdc.gov/view/cdc/90553
https://doi.org/10.1177/0890117116664710
https://doi.org/10.3389/fpsyt.2023.1181046
https://doi.org/10.1186/s12889-021-10554-w
https://doi.org/10.1177/1359105315574951
https://www.ncbi.nlm.nih.gov/pubmed/25903240
https://doi.org/10.1371/journal.pone.0241167
https://doi.org/10.1186/s40711-015-0011-0

	Introduction 
	Materials and Methods 
	Data Source and Study Population 
	Measures 
	Measurement of Behavioral Changes and Mental Health 
	Assessment of Physical Activity 

	Statistical Analysis 

	Results 
	Descriptive Statistic 
	Association Between Physical Activity and Health Behavioral Changes Among Chinese Middle-Aged and Older Adults 
	Association Between Physical Activity and Mental Health Changes Among Chinese Middle-Aged and Older Adults 

	Discussion 
	Conclusions 
	References

