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ABSTRACT
Background. The body of literature regarding the associations between physical activity
and psychological problems lacks consensus. Moreover, the role of gender has been
scarcely investigated. The present study sought to fill the gap in the data by examining
the associations, if any, between moderate-to-vigorous physical activity (MVPA),
psychological problems, and self-harm behaviors based on different biological genders
(male–female).
Methods. A self-administered questionnaire was used to measure MVPA and multiple
psychological problems, including depression and anxiety; general emotion, behavior,
and social problems; Attention Deficit Hyperactivity Disorder (ADHD); Oppositional
Defiant Disorder (ODD); conduct problems; and self-harm behaviors. Participants
were a nationally representative sample of Chinese high school students (N = 13,349).
A multiple logistic regression analysis of MVPA, stratified by gender, was conducted
on the risk of psychological problems and self-harm behaviors in the total sample.
Results. For boys, a high frequency of MVPA was associated with a lower risk of
depression (OR = 0.68, 95% CI [0.57–0.81]) and anxiety (OR = 0.71, 95% CI [0.53–
0.96]) compared to the reference group. The moderate frequency of MVPA was
associated with a lower risk of ADHD (OR = 0.73, 95% CI [0.56–0.94]) compared
to the reference group. For girls, both MVPA groups were associated with a lower risk
of depression (moderate MVPA: OR = 0.81, 95% CI [0.70–0.94]; high MVPA: OR =
0.67, 95%CI [0.54–0.83]) compared to the reference group.HighMVPAwas associated
with a lower risk of ADHD (OR= 0.58, 95%CI [0.37–0.89]) compared to the reference
group. Only moderate frequency of MVPA was associated with a lower risk of ODD
(OR = 0.79, 95% CI [0.64–0.97]).
Conclusion. MVPA was associated with a lower risk of depression, anxiety, ADHD,
and ODD in a gender-specific andMVPA frequency-specific manner. This implies that
for specific psychological issues, PA interventions that are modified based on gender
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and frequency of MVPA may be more effective than PA interventions without these
considerations.

Subjects Epidemiology, Psychiatry and Psychology, Public Health
Keywords Sex, Exercise, Depression, Anxiety, ADHD, Oppositional defiant, Conduct problem,
Suicidality

INTRODUCTION
It is well known in the literature that the occurrence of psychological problems rise sharply
during adolescence (Gore et al., 2011; Patton et al., 2012). In fact, psychological problems
are one of the leading causes of years of life lost in adolescents according to data from
the World Health Organization’s (WHO) Global Burden of Disease study (Gore et al.,
2011; Mokdad et al., 2016). Furthermore, psychological problems during these years may
influence health late in life (Sawyer et al., 2012). Therefore, psychological problems in
adolescents are becoming a central public health concern (Carli et al., 2014; Merikangas et
al., 2010). In order to create more appropriate prevention and intervention strategies, and
subsequently decrease the burden of mental disorders, it is necessary to examine health
risk factors for psychological problems in adolescents.

The literature has demonstrated that physical activity (PA) is not only strongly
associated with physiological health benefits (Buffart et al., 2014), but is also associated with
psychological health benefits, such as a reduction in depression and anxiety symptoms,
increased self-esteem, social isolation, and even a decrease in suicidal ideation (Vancampfort
et al., 2017; Werneck et al., 2019). For adolescents, it has been well documented that PA
is significantly associated with a lower risk of depression (Annesi, 2005; Daley et al.,
2006). Furthermore, PA intervention trials have significantly reduced depression, anxiety,
psychological distress, and emotional disturbance in adolescence (Ahn & Fedewa, 2011;
Brown et al., 2013). Although there is well established literature demonstrating the effects of
PA on depression and anxiety, there are only a handful of studies reporting the associations
of PA and other psychological problems, such as Attention Deficit Hyperactivity Disorder
(ADHD; Gapin et al., 2011). However, the results from this body of literature remain
inconsistent. For example, in one study, parent-rated ADHD was associated with low
PA in adolescents with type 1 diabetes (Nylander et al., 2018). Recently, a study showed
that increased moderate-to-vigorous PA (MVPA) was correlated with higher conduct
problems in boys and hyperactivity in both genders (Ahn et al., 2018). It should be noted,
however, that most of the studies mentioned above were highly heterogeneous regarding
the participants and measurement instruments used (Larun et al., 2006). Therefore,
further investigation is warranted and should be carried out in different population
groups to determine whether associations exist between PA and adolescents’ psychological
problems. Furthermore, although PA seems to reduce depression and anxiety symptoms,
little attention has been given to examining whether gender (i.e., male–female) influences
psychological health outcomes. In a recent study (Wilkinson et al., 2017), anxiety related
to body image was shown to be lower for American-born and Mexican-born females who
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engaged in more PA than for those who were less engaged in PA. However, this relationship
was different for the males in the study. Specifically, the association was significant for
Mexican-born males but not for American-born males. On the other hand, a negative
correlation was found between the frequency of PA and anxiety for both boys and girls
among European adolescents (McMahon et al., 2017). These results demonstrate that
different cultures and/or countries may influence the relationship between PA and anxiety.

According to a detailed analysis of internationally comparable data, the lowest rates of PA
are mostly observed among juveniles who live in low-income andmiddle-income countries
or regions (Patton et al., 2012). However, research concerning the association between PA
and adolescents’ psychological problems in these areas, especially large-scale population-
based investigations, is scarce compared to studies in developed countries or regions. In
China, there have been several studies that have investigated the associations between PA
and depression, anxiety, hostility/aggression, and suicide ideation in adolescents. A study
conducted in Bengbu, a city in southeastern China, found that junior high school students
who performed vigorous PA (i.e., more than three days per week) had fewer depressive
symptoms but these results were not replicated with anxiety (Cao et al., 2011). However,
another study based in the same city suggested that although low-to-moderate PA was
associated with fewer depressive and psychotic symptoms, vigorous PA was associated with
both life satisfaction and self-esteem, as well as higher risk of general psychological health
issues such as hostility/aggression, and suicidal ideation (Tao et al., 2007). Additionally, a
study conducted inXuzhou, a city in easternChina, revealed thatminimal PAwas associated
with depression and anxiety in junior high school students (Wang et al., 2014). Because
samples employed in the studies mentioned above were limited to junior high school
students based on their respective cities, located in eastern China, these results cannot
be generalized to the broader Chinese population. Thus, studies with large nationally
representative samples of Chinese participants are lacking. In an attempt to remedy this
shortcoming in the literature, one study was conducted across eight cities in China and
revealed significant associations between PA (with moderate and vigorous PA measuresd
separately) and reductions in depressive symptoms with pubertal stage examined as a
moderator (Sun et al., 2014); however, this study neglected the potential confounding
effect of other psychological problems and did not use recommended criteria for MVPA
set by the WHO (World Health Organization, 2010) for child and adolescent psychological
health.

The present study addressed some of these research gaps by analyzing the associations
between different volumes of MVPA and multiple psychological problems in both
junior and senior high school students across multiple cities in mainland China. These
psychological problems include: depression; anxiety; general emotion, behavior, and social
(GEBS) problems; ADHD; ODD; conduct problems; and suicidal ideation/self-harm
behavior (hereafter, self-harm behaviors). Furthermore, given that gender has been
proposed to moderate the relationship between PA and some psychological problems
(i.e. McMahon et al., 2017; Sun et al., 2014; Wilkinson et al., 2017), we performed all
analyses stratified by gender.We hypothesized that higherMVPAwould bemore protective
against psychological health in boys than in girls.
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MATERIALS & METHODS
Participants
High school pupils from 7th to 12th grade (N = 13,349; mean age: 15.18 ± 1.90) from
ten urban areas (Beijing, Shanghai, Hangzhou, Guangzhou, Suzhou, Chengdu, Changsha,
Shenyang, Yinchuan, and Langfang) were recruited. These areas represent different areas
across mainland China. We used a stratified cluster sampling of all the public schools in
these cities. First, we categorized all schools in each city into three groups based on their
level of academic performance (low, medium, and high). Second, to make a representative
sample of high school students, two to three medium-level high schools in each city were
randomly chosen (totaling 23 schools) to take part in the survey. Finally, one to three classes
of students within these schools were selected from each grade (7th through 12th grade)
as the final sample of this study. More detailed information on these study procedures
can be found elsewhere (see Liu et al., 2016; Xin et al., 2016). With the supervision of a
research assistant, students completed the paper-based questionnaires individually in class.
All participants in this study and their parents provided written informed consent. The
Hunan Subjects ReviewCommittee at SecondXiangyaHospital of Central SouthUniversity
provided ethical approval (No: CSMC-2009S167).

Measurements
In this study, a self-administered questionnaire was used for the participants. It consisted
of three sections: sociodemographic information, including age, gender, grade, BMI, and
subjective socioeconomic status (SES), the Youth Risk Behavior Survey and questionnaires
assessing psychological problems and self-harm.

The Youth Risk Behavior Survey questionnaire (Brener et al., 2002) evaluated students’
frequency of MVPA (days/week). An example question is ‘‘During the past seven days,
on how many days were you physically active enough that your heart beat fast and you
breathed hard for a total of≥ 60minutes?’’ In order to adjust for the potential confounding
role of screen-based sedentary behavior (Sun et al., 2014), we also examined participants’
screen time (ST) on a typical school day (hours/day). ST includes watching television,
playing video or computer games, or using the computer for noneducational purposes.
Although the recommendation of MVPA is 7 days/week, the percentage of adolescents who
meet this criterion is very low, which indicates that Chinese high school students generally
lack MVPA. Based on the frequency of MVPA, the participants were categorized into three
groups: no MVPA (0 days/week), moderate frequency of MVPA (≥1 to ≤3 days/week),
and high frequency of MVPA (>3 days/week, i.e., 4–7 days/week). In line with previous
studies, ST was categorized into four groups: no ST (0 hours/day), low ST (≤1 hours/day),
moderate ST (>1 to <2 hours/day), and high ST (≥2 hours/day) (Liu, Wu & Yao, 2016).
SES was reported. Scores ranged from one to ten. Low scores (i.e., 1,2,3) represented low
SES while high SES, was represented by high scores (i.e., 7,8,9).

A battery of questionnaires evaluated participants’ psychological symptoms and self-
harm behaviors. Depressive symptoms were examined using the Centers for Epidemiologic
Studies-Depression Scale (CES-D, Radloff, 1991; Wang et al., 2013). The CES-D has 20
items, and responses range from 0 (rarely) to 3 (most of the time). Anxiety symptoms
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were measured using the Multidimensional Anxiety Scale for Children (MASC March et
al., 1997; Yao et al., 2007). The MASC has 39 items, and responses range from 0 (never
applies to me) to 3 (often applies to me). GEBS problems, ADHD symptoms, ODD, and
conduct problems were assessed with the Youth Self-Report (YSR; Achenbach, Dumenci &
Rescorla, 2001; Yao et al., 2009). The YSR consists of 112 items divided into nine subscales
with responses ranging from 0 (not true) to 2 (very true). Finally, self-harm behaviors were
examined using a 5-item subscale from the Health-Risk Behavior Inventory for Chinese
Adolescents (HBICA; Wang et al., 2012). Responses range from 0 (never) to 4 (always).
For all these scales, high scores indicate higher levels of the corresponding symptoms.
Cronbach’s alphas for all of the scales and subscales were good, ranging from 0.71 to 0.95.

Data was dichotomized based on the different cutoff scores (separated by gender)
for each psychological problem(i.e., depression (CES-D score ≥ 22 for boys and ≥
24 for girls (Primack et al., 2009; Roberts, Lewinsohn & Seeley, 1991); anxiety (T-score
of MASC ≥65; March, 2007); GEBS problems (above the 90th percentile; (Achenbach,
Dumenci & Rescorla, 2001)); ADHD symptoms (YSR-DSM-Oriented subscale, T-score
≥ 65; (Achenbach, Dumenci & Rescorla, 2001; Achenbach & Rescorla, 2001) ODD (YSR-
DSM-Oriented subscale, T-score ≥ 65); conduct problems (YSR-DSM-Oriented subscale,
T-score≥ 65); and self-harm behaviors (HBICA subscale, above the 90th percentile; (Wang,
2012)). Specifically, individuals were identified as either meeting criteria for a psychological
problem (1) or not (0).

Statistical analysis
To compare the characteristics of each MVPA frequency group to sociodemographic
variables, psychological problems and self-harm behaviors, F-tests were used for the
continuous variables, and chi-square tests were used for the categorical variables. The effect
size was estimated by η2 for ANOVA or ϕ/υ for chi-square tests. All tests and analyses were
examined by gender.

To evaluate the associations of MVPA frequency with psychological problems and
self-harm behavior, multiple logistic regression analyses of the effect of MVPA frequency
on the risk of psychological problems and self-harm behavior, adjusted for age, gender,
grade (grade 7–9 or 10–12), BMI, SES, and ST, were conducted first for the total sample
and then stratified by gender using MVPA frequency as the independent variable and
each psychological problem or self-harm behavior as the dependent variable. Odds ratio
(ORs) and 95% confidence intervals (CIs) were used as the measurement values of the
associations between MVPA frequency and psychological problems; with no MVPA
being used as the reference group. For the regression models, all exposure variables were
fully observed. However, there were different missing data percentages for the outcomes
(depression, 2.9%; anxiety, 1.9%; GEBS problems, 7.2%; ADHD, 10.3%; ODD, 8.8%;
conduct problems, 11.0%; and self-harm behavior, 0.7%). A value of p < 0.05 (two-tailed)
was used for statistical significance across all analyses. All statistical analyses were performed
using the software of SPSS 19.0 and STATA 12.0.
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RESULTS
Characteristics of the participants and MVPA
The proportion of boys and girls in the sample was 50.7% and 49.3%, respectively. The
mean age (SD) of all participants was 15.18 (1.90) years and more than fifty percent
(50.1%) of all participants were in junior high school. Across all participants, the mean
BMI (SD) was 19.61 (3.35), and the mean SES score (SD) was 6.13 (1.64). The Pearson
χ2 results indicated that MVPA frequency was significantly associated with television time
(p< 0.001 for both gender) and playing video/computer games or using the computer for
noneducational purpose time (p= 0.011 for boys; p< 0.001 for girls).

High school students’ characteristics involving the three levels of MVPA (i.e., no,
moderate frequency, high frequency) significantly differed in all sociodemographic
variables and ST. The participant characteristics of each MVPA frequency (stratified
by gender) are reported in Table 1. For boys, more than thirty percent (33.1%) reported
no MVPA in the last seven days, 42.0% reported moderate (i.e., one to three days)
MVPA in a week, and 24.9% reported high (i.e., more than three days) MVPA in
a week. Sociodemographic and ST (both time spent watching television and playing
video/computer games) for boys were significantly different (p< .05) across all three levels
of MVPA with effect sizes ranging from 0.01 to 0.32.

As for girls, approximately 49% reported having no MVPA in a week, 36.8% reported
moderate (i.e., one to three days) MVPA in a week, and 14.2% reported high (more than
three days) MVPA in a week. Sociodemographic variables and both ST types differed
significantly (p < 0.001). The effect sizes for these differences ranged from 0.02 to 0.47.

Distribution of psychological problems and self-harm behavior
The prevalence of psychological problems and self-harm behavior, stratified by gender and
MVPA frequency, are reported in Table 2.

For boys, the risk for self-harm behavior and the examined psychological problems,
with the exception of ODD (p= 0.141) and conduct problems (p= 0.631), differed across
MVPA levels (p < 0.05). The effect sizes ranged from 0.04 to 0.10. For girls, the risk for the
examined psychological problems, with the exception of conduct problems (p = 0.122),
differed across MVPA levels (p <0.05). The effect sizes for these differences ranged from
0.04 to 0.08. No significant difference in the risk prevalence of self-harm behavior was
found across MVPA levels (p = 0.674).

Associations between MVPA, psychological problems and self-harm
behavior
The results of the adjusted ORs and the corresponding 95% CIs of the logistic regression
analyses for each psychological problem and self-harm behavior regarding MVPA in the
total sample are reported in Table 3.

Engaging in high MVPA was associated with a lower risk of depression (OR = 0.67,
95% CI [0.59–0.77]), anxiety (OR = 0.75, 95% CI [0.60–0.94]), and ADHD (OR = 0.76,
95% CI [0.60–0.98]) compared to the reference group (i.e., no MVPA). Moderate MVPA
was associated with a lower risk of depression (OR = 0.86, 95% CI [0.78–0.95]), ADHD
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Table 1 Characteristics of participants byMVPA level.a

Variables Total boys (days/week) (N, %) girls (days/week) (N, %)

0
(2,236; 33.1%)

≥1 to≤3
(2,842; 42.0%)

>3
(1,687; 24.9%)

ES; p 0
(3,224; 49.0%)

≥1 to≤3
(2,425; 36.8%)

>3
(935; 14.2%)

ES;p

Age, mean (SD) 15.18 (1.90) 15.78 (1.82) 15.06 (1.86) 14.58 (1.75) 0.06;<0.001 15.91 (1.76) 14.54 (1.83) 14.20 (1.59) 0.15;<0.001
Junior gradeb, N (%) 6,836 (50.1) 697 (31.2) 1,549 (54.5) 1,231 (73.0) 0.32;<0.001 824 (25.6) 1,611 (66.4) 789 (84.4) 0.47;<0.001
BMI, mean (SD) 19.61 (3.35) 20.24 (3.69) 20.00 (3.63) 19.95 (3.66) 0.01;0.028 19.48 (2.83) 18.87 (3.00) 18.52 (2.77) 0.02;<0.001
SESc, mean (SD) 6.13 (1.64) 5.85 (1.67) 6.17 (1.63) 6.44 (1.68) 0.02;<0.001 5.92 (1.56) 6.21 (1.58) 6.56 (1.65) 0.02;<0.001

Exposure levels of television (hours/school day), N (%)
0 7,869 (58.6) 1,349 (60.4) 1,394 (49.2) 836 (49.6) 0.09;<0.001 2,182 (67.8) 1,454 (60.0) 594 (63.6) 0.06;<0.001

3,903 (29.1) 617 (27.6) 1,029 (36.3) 553 (32.8) 742 (23.1) 710 (29.3) 230 (24.6)
>1 to ≤2 935 (7.0) 142 (6.4) 265 (9.3) 136 (8.1) 161 (5.0) 166 (6.9) 61 (6.5)
>2 710 (5.3) 124 (5.6) 148 (5.2) 161 (9.5) 133 (4.1) 92 (3.8) 49 (5.2)

Exposure levels of video or computer games or using a computer for non-educational purpose (hours/school day), N (%)
0 9,290 (70.2) 1,491 (67.6) 1,834 (65.7) 1,060 (64.8) 2,418 (75.7) 1,705 (71.4) 714 (77.9)
≤1 2,440 (18.4) 407 (18.5) 589 (21.1) 324 (19.8) 0.04;0.011 513 (16.1) 473 (19.8) 120 (13.1) 0.05;<0.001
>1 to ≤2 761 (5.8) 142 (6.4) 191 (6.8) 104 (6.4) 135 (4.2) 137 (5.7) 47 (5.1)
>2 736 (5.4) 164 (7.4) 178 (6.4) 149 (9.1) 130 (4.1) 74 (3.1) 35 (3.8)

Notes.
Abbreviations: MVPA, moderate to vigorous physical activity; BMI, body mass index; SES, subjective economic status; ES, effect size.

aPercentages do not always equal 100 because of rounding. Values may not always sum to sample size because of missing data
bJunior grade indicates 7th–9th grade.
cSES was considered as continuous variables (ranging from 1-the worst, to 10-the best).
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Table 2 Prevalence (%)a of psychological problems byMVPA levels.

Variables Total N (%) Boys (days/week) N (%) Girls (days/week) N (%)

0 ≥1 to≤3 >3 ES; p 0 ≥1 to≤3 >3 ES; p

Depression, N (%) 3,539 (27.3) 729 (34.3) 779 (28.5) 369 (22.7) 0.10; <0.001 924 (29.1) 558 (23.3) 180 (19.6) 0.08;<0.001
Anxiety, N (%) 943 (7.2) 181 (8.8) 199 (7.5) 89 (5.7) 0.05; 0.002 258 (8.3) 164 (6.9) 52 (5.7) 0.04;0.019
GEBS problems, N (%) 1,264 (10.2) 244 (12.3) 241 (9.1) 139(8.8) 0.05; <0.001 351 (11.7) 216 (9.5) 73 (8.0) 0.05;0.001
ADHD, N (%) 766 (6.4) 151 (7.9) 142 (5.6) 93 (6.2) 0.04; 0.006 225 (7.7) 121 (5.5) 34 (3.9) 0.06;<0.001
ODD, N (%) 1,352 (11. 1) 236 (12.1) 273 (10.4) 186 (12.0) 0.03;0.141 355 (12.0) 212 (9.4) 90 (10.0) 0.04;0.007
Conduct problems, N (%) 867 (7.3) 137 (7.3) 169 (6.7) 97 (6.5) 0.01;0.631 232 (8.0) 179 (8.2) 53 (6.1) 0.03;0.122
Self-harm behavior, N (%) 1,431 (10.8) 280 (12.7) 285 (10.2) 167 (10.1) 0.04;0.007 340 (10.6) 266 (11.1) 93 (10.1) 0.01;0.674

Notes.
Abbreviations: MVPA, moderate to vigorous physical activity; GEBS, general emotion, behavior, and sociality; ADHD, Attention deficit/hyperactivity disorder; ODD, oppositional defiant disorder;
ES, effect size.

aPercentages do not always equal 100 because of rounding. Values may not always sum to sample size because of missing data.
bTotal prevalence of oppositional defiant problems was 11.1% for more than 3% samples’ T score was between 64.5 to 65 (cutoff: t -score ≥ 64.50).
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Table 3 Logistic regression analysis of MVPA on the risk of psychological problems and self-harm be-
havior in the total sample.

Variables Self-reportedMVPA levels (days/week)

≥1 to≤3 >3

Depression, OR (95% CI) , p 0.86 (0.78 to0.95), 0.003 0.67 (0.59 to 0.77), <0.001
Anxiety, OR (95% CI), p 0.94 (0.80 to 1.11), 0.447 0.75 (0.60 to 0.94), 0.014
GEBS problems, OR (95% CI), p 0.90 (0.78 to 1.04), 0.157 0.86 (0.70 to 1.04), 0.121
ADHD, OR (95% CI), p 0.76 (0.63 to 0.91), 0.004 0.76 (0.60 to 0.98), 0.031
ODD, OR (95% CI), p 0.86 (0.74 to 0.99), 0.041 0.99 (0.83 to 1.19), 0.922
Conduct problems, OR (95% CI), p 1.03 (0.86 to 1.23), 0.748 0.84 (0.66 to 1.06), 0.145
Self-harm behavior, OR (95% CI), p 0.96 (0.84 to 1.11), 0.613 0.85 (0.77 to 1.11), 0.417

Notes.
Abbreviations: MVPA, moderate to vigorous physical activity; GEBS, general emotion, behavior, and sociality; ADHD, At-
tention deficit/hyperactivity disorder; ODD, oppositional defiant disorder; OR, adjusted odds ratio; CI, confidence inter-
val.
Adjusted variables: age, gender, junior grade, body mass index, subjective economic status, volume of television and video
games/computer use for non-education purpose.

(OR = 0.76, 95% CI [0.63–0.91]), and ODD (OR = 0.86, 95% CI [0.74–0.99]) compared
to the reference group.

The detailed results of the adjusted ORs and the corresponding 95% CIs of the logistic
regression analyses for each psychological problem and self-harm behavior regarding
MVPA volumes stratified by gender are reported in Table 4.

For boys, high MVPA was associated with a lower risk of depression (OR = 0.68, 95%
CI [0.57–0.81]) and anxiety (OR = 0.71, 95% CI [0.53–0.96) compared to the reference
group. Moderate MVPA was associated with a lower risk of ADHD symptom (OR = 0.73,
95% CI [0.56–0.94]) compared to the reference group. For girls, both high and moderate
MVPA were associated with a lower risk of depression (moderate MVPA: OR = 0.81, 95%
CI [0.70–0.94]; high MVPA: OR = 0.67, 95% CI [0.54–0.83]) compared to the reference
group. High MVPA was associated with a lower risk of ADHD symptom (OR= 0.58, 95%
CI [0.37–0.89]) compared to the reference group. Only a moderate MVPA was associated
with a lower risk of ODD (OR= 0.79, 95% CI [0.64–0.97]). No significant association was
found between MVPA and self-harm behavior or other psychological problems for either
gender.

DISCUSSION
The present study examined the potential benefits of MVPA on psychological health in
Chinese adolescents. In this large population-based investigation, a higher frequency
MVPA was associated with less depression regardless of gender. ADHD and ODD
symptoms decreased based on gender and the frequency of MVPA. Importantly, the
various associations of MVPA with anxiety, ADHD, and ODD in both boys and girls
indicated that gender and frequency of MVPA play a role in the associations between
MVPA and psychological problems. These results support recommendations from the
WHO concerning MVPA in adolescents (World Health Organization, 2010).
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Table 4 Logistic regression analysis of associations of psychological problems and self-harm behavior withMVPA by gender.

Variables Self-reportedMVPA levels (days/week)

boys (N = 5651) girls (N = 5512)
≥1 to≤3 >3 ≥1 to≤3 >3

Depression, OR (95% CI) , p 0.88 (0.77 to 1.01), 0.068 0.68 (0.57 to 0.81), <0.001 0.81 (0.70 to 0.94), 0.005 0.67 (0.54 to 0.83), <0.001
Anxiety, OR (95% CI), p 0.94 (0.75 to 1.18), 0.604 0.71 (0.53 to 0.96), 0.024 0.94 (0.74 to 1.19), 0.588 0.85 (0.59 to 1.21), 0.358
GEBS problems, OR (95% CI), p 0.84 (0.68 to 1.04), 0.1034 0.85 (0.66 to 1.10), 0.211 0.96 (0.78 to 1.19), 0.702 0.87 (0.64 to 1.20), 0.400
ADHD, OR (95% CI), p 0.73 (0.56 to 0.94), 0.016 0.88 (0.65 to 1.20), 0.427 0.81 (0.62 to 1.06), 0.125 0.58 (0.37 to 0.89), 0.014
ODD, OR (95% CI), p 0.92 (0.75 to 1.12), 0.392 1.12 (0.89 to 1.42), 0.330 0.79 (0.64 to .97), 0.025 0.84 (0.63 to 1.12), 0.240
Conduct problems, OR (95% CI), p 1.00 (0.77 to 1.30), 0.995 0.92 (0.67 to 1.26), 0.595 1.04 (0.82 to 1.33), 0.734 0.74 (0.51 to 1.06), 0.100
Self harm, OR (95% CI), p 0.87 (0.72 to 1.06), 0.176 0.92 (0.72 to 1.16), 0.456 1.01 (0.83 to 1.24), 0.892 0.92 (0.69 to 1.23), 0.589

Notes.
Abbreviations: MVPA, moderate to vigorous physical activity; GEBS, general emotion, behavior, and sociality; ADHD, Attention deficit/hyperactivity disorder; ODD, oppositional defiant disorder;
OR, adjusted odds ratio; CI, confidence interval.
Adjusted variables: age, junior grade, body mass index, subjective economic status, volume of television and video games/computer use for non-education purpose, Gender-matched no MVPA groups
served as reference groups.
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Participants engaging in no MVPA during the previous week were observed in 33.1%
of boys and 49% of girls. It is worth noting that the present study’s rates of no MVPA for
females is higher than ratings reported in a previous study conducted by Sun and colleagues
(2014), which measured PA using moderate PA (at least 20 min each day) or vigorous PA
(at least 30 min each day). Moreover, Sun et al. (2014) revealed that 42.8% of girls reported
no vigorous PA, and 40.6% of girls reported no moderate PA. This disparate finding is
reasonable given that we used the WHO daily recommended amount of MVPA (60 min
per day) for children and adolescents (World Health Organization, 2010). Furthermore,
we found that only 24.9% of boys and 14.2% of girls had a high frequency of MVPA,
indicating that there is a low rate of high school students who have enough MVPA in
mainland China. We also found a significant difference between the three different MVPA
frequencies and age for these junior high school students. For both genders, younger
students engaged in more MVPA. Furthermore, a significantly different prevalence of
psychological problems based on the frequency of MVPA and gender was found. After
adjustment, logistic regression analyses revealed different associations between individual
psychological problems, self-harm behavior and MVPA for each gender. For male and
female adolescents, the risk of depression decreased consistently with more MVPA. The
effects of the frequency of MVPA are in line with the findings of previous studies (Ahn &
Fedewa, 2011; Annesi, 2005; Brown et al., 2013; Cao et al., 2011; Tao et al., 2007).

Surprisingly, in the present study, a high frequency of MVPA was associated with less
anxiety in boys, but not in girls. The significant association found in boys in this study
is similar to the findings in another Chinese study and international research (McDowell,
MacDonncha & Herring, 2017; McMahon et al., 2017; Tajik et al., 2017; Wang et al., 2014).
However, a lack of consensus remains given that the present study’s results contradict
studies conducted in an eastern inner province of China (Cao et al., 2011; Tao et al.,
2007), which suggested no significant associations between PA and anxiety in high school
students. These differences could be explained by how previous studies defined PA, as well
as participants’ sociodemographic factors. The participants in the aforementioned studies
were recruited solely from one province in China rather than across multiple provinces
and centers, as was the case in the present study. Thus, the present findings are more
generalizable to all Chinese adolescents. More importantly, these studies did not stratify
the analysis of the associations by gender.

In the present study, we did not find significant associations betweenMVPA and anxiety
in girls, and only high MVPA was associated with less anxiety in the total sample. This
result is also different from the study by Wilkinson and colleagues (2017), which suggested
that lower social physique anxiety was associated with more PA per day for American
and Mexican girls and Mexican-born boys but not in American-born boys. However,
for European adolescents, a negative correlation was found between the frequency of
PA and anxiety for both boys and girls (McMahon et al., 2017). This discrepancy might be
explained by a culture-specific effect. In China, given that traditional masculine gender-role
stereotyping is pervasive across society, thismay provide justification for boys to take part in
PA. In this study, the higher prevalence of MVPA (at least one day/week) for boys (66.9%)
compared to girls (51.0%) also supports this claim. This gender-role stereotyping may
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provide boys with more psychological rewards, which in turn, may produce anti-anxiety
effects (Brunes, Gudmundsdottir & Augestad, 2015; Salmon, 2001). On the other hand, in
China, the traditional feminine gender-role stereotype dictates that girls should be gentle
and non-muscular. As a result, performing any form of PA may go against cultural norms
and evoke unpleasant feelings. In addition, in the study byMcMahon et al. (2017), although
a negative association was found between the frequency of PA and anxiety for both genders,
at the highest levels of PA, higher anxiety was associated with a greater frequency of PA
in girls. This finding leaves open the question of whether PA and anxiety differs across
gender, with the possibility of negative effects of PA on anxiety for girls. The existing
evidence regarding gender differences in the association between PA and anxiety is limited
and as such, more research is needed to clarify this issue.

This study is the first to examine the association between MVPA and ADHD, ODD, and
conduct problems in Chinese adolescents. For MVPA and ADHD, significant associations
were found in both genders. These results are consistent with the finding by Nylander et
al. (2018), who found that ADHD was associated with low PA in adolescents with type
I diabetes. Interestingly, gender influences this association. For boys, moderate MVPA
was associated with fewer ADHD symptoms compared with no MVPA. On the other
hand, only high MVPA was associated with fewer ADHD symptoms in girls compared
to no MVPA. Regarding ODD, only a moderate frequency of MVPA was associated with
fewer ODD symptoms in girls compared to no MVPA. The mechanisms that influence
these gender differences are complex and one possibility is that they are influenced by
cultural and social norms (Ahn et al., 2018). Alternatively, these outcomes may reflect
gender differences in coping mechanisms when dealing with psychological problems
(Nolen-Hoeksema, 1987). For example, Nolen-Hoeksema (1987) noted that boys are more
likely to engage in distracting behaviors such as PA, which in turn, inhibits their negative
moods while girls are more likely to amplify their moods with ruminative responses about
their state of discomfort. In turn, these approaches could lead to a higher sensitivity of
the therapeutic effects of PA in girls. The present study’s results support this hypothesis.
Furthermore, given the masculine stereotyping and gender-roles within Chinese society,
MVPA behaviors are conceivably more appealing to Chinese male adolescents. Therefore,
it is probable that only a high frequency ofMVPAmay exert a therapeutic effect on negative
moods for Chinese male adolescents.

The present study focused on the frequency of MVPA for adolescents recommended
by the World Health Organization (2010) and comprehensively considered multiple
psychological problems experienced by adolescents. The findings extend previous research
in this field. The current study also adds important insight into the potential role of
gender on the relationship between MVPA and depression, anxiety, ADHD, and ODD,
which indicates that MVPA might be an effective role in reducing psychological problems.
This may provide evidence for the development of policies or recommendations regarding
appropriate levels ofMVPA for juveniles inmainlandChina, and potentially other countries
or regions. Additionally, unlike previous Chinese studies, which are not representative of
the broader Chinese population, the recruitment method in the present study enables
a better generalizability of the results to all Chinese adolescents. This is because the
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participants were recruited from major cities in North, South, East, West and Central
China. Notwithstanding the strengths, there are also some limitations to consider. First,
this study employs a cross-sectional observational design. Therefore, we cannot address
the issue of causality of the associations between MVPA and psychological problems
and self-harm behavior. Second, although the data analyses were adjusted for potential
confounding variables, it is not possible to exclude the potential biases induced by other
factors. For instance, the pressure of academic performance may lead to less PA and greater
anxiety at the same time. In addition, self-reported MVPA and psychological problems and
self-harm behavior may cause measurement errors, which would subsequently influence
the results. Finally, despite the better generalizability of the results than that of previous
Chinese studies, the present study did not recruit participants from rural areas or other
cities in China. Future Chinese studies should endeavor to explore the effects of PA on
psychological problems and self-harm behavior among rural Chinese adolescents.

CONCLUSIONS
The present study provides empirical support for the recommendations put forth by
the WHO. Additionally, this study contributes to the body of literature by informing
researchers, health practitioners and policymakers of the psychological health benefits
brought upon by PA.Overall, formainlandChinese high school students, the level ofMVPA
determined by the WHO was associated with a lower risk of depression, anxiety, ADHD,
and ODD. These associations were influenced by gender and the frequency of MVPA.
Ultimately, the results indicate that PA interventions targeting specific psychological
issues require understanding of how gender and frequency of MVPA may influence the
therapeutic effects amongst Chinese adolescents.

ACKNOWLEDGEMENTS
The authorswould like to acknowledge the help of the following individuals for contributing
to participants recruitment and measurement at the study centers: Wenbing Gao (Chinese
Academy of Sciences), Wei Hong and Jing Liu (Peking University), Zhengyan Jiang
(Zhejiang University), Yanqing Tang (China Medical University), Jin Jing (Sun Yat-Sen
University),Wenqing Fu (SuzhouUniversity), Yi Huang (SichuanUniversity), and Jianqun
Fang (Ningxia Medical University).

ADDITIONAL INFORMATION AND DECLARATION

Funding
This work was supported by the China National Key Technologies R&D Program in
the 11th 5-year plan of China (No. 2009BAI77B02), the Hunan Provincial Natural
Science Foundation of China (No. 2017JJ3082), and the Hunan Provincial Social Science
Foundation of China (No. 16YBA154). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8775 13/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.8775


Grant Disclosures
The following grant information was disclosed by the authors:
China National Key Technologies R&D Program: 2009BAI77B02.
Hunan Provincial Natural Science Foundation of China: 2017JJ3082.
Hunan Provincial Social Science Foundation of China: 16YBA154.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Mingli Liu conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, and approved the final draft.
• Jie Zhang and Shuqiao Yao conceived and designed the experiments, prepared figures
and/or tables, authored or reviewed drafts of the paper, and approved the final draft.
• Kimberly E. Kamper-DeMarco performed the experiments, analyzed the data, authored
or reviewed drafts of the paper, and approved the final draft.
• Elwin Hu performed the experiments, authored or reviewed drafts of the paper, and
approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Hunan Subjects Review Committee at Second Xiangya Hospital of Central South
University approval to carry out the study within its facilities (Ethical Application: CSMC-
2009S167)

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in a Supplementary File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.8775#supplemental-information.

REFERENCES
Achenbach TM, Dumenci L, Rescorla LA. 2001. Ratings of relations between DSM-

IV diagnostic categories and items of the CBCL/6-18, TRF, and YSR. Burlington:
University of Vermont.

Achenbach TM, Rescorla L. 2001.Manual for the ASEBA school-age forms & profiles: an
integrated system of multi-informant assessment. Burlington: Aseba.

Ahn JV, Sera F, Cummins S, Flouri E. 2018. Associations between objectively measured
physical activity and later mental health outcomes in children: findings from the

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8775 14/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.8775#supplemental-information
http://dx.doi.org/10.7717/peerj.8775#supplemental-information
http://dx.doi.org/10.7717/peerj.8775#supplemental-information
http://dx.doi.org/10.7717/peerj.8775


UKMillennium Cohort Study. Journal of Epidemiology and Community Health
72(2):94–100 DOI 10.1136/jech-2017-209455.

Ahn S, Fedewa AL. 2011. A meta-analysis of the relationship between children’s
physical activity and mental health. Journal of Pediatric Psychology 36(4):385–397
DOI 10.1093/jpepsy/jsq107.

Annesi JJ. 2005. Correlations of depression and total mood disturbance with physical
activity and self-concept in preadolescents enrolled in an after-school exercise
program 1. Psychological Reports 96(3c):891–898 DOI 10.2466/PR0.96.4.891-898.

Brener ND, Kann L, McManus T, Kinchen SA, Sundberg EC, Ross JG. 2002. Reliability
of the 1999 youth risk behavior survey questionnaire. Journal of Adolescent Health
31(4):336–342 DOI 10.1016/S1054-139X(02)00339-7.

BrownHE, Pearson N, Braithwaite RE, BrownWJ, Biddle SJ. 2013. Physical activ-
ity interventions and depression in children and adolescents. Sports Medicine
43(3):195–206 DOI 10.1007/s40279-012-0015-8.

Brunes A, Gudmundsdottir SL, Augestad LB. 2015. Gender-specific associa-
tions between leisure-time physical activity and symptoms of anxiety: the
HUNT study. Social Psychiatry & Psychiatric Epidemiology 50(3):419–427
DOI 10.1007/s00127-014-0915-z.

Buffart LM, Singh AS, Van Loon EC, Vermeulen HI, Brug J, ChinapawMJ.
2014. Physical activity and the risk of developing lung cancer among smok-
ers: A meta-analysis. Journal of Science and Medicine in Sport 17(1):67–71
DOI 10.1016/j.jsams.2013.02.015.

Cao H, Qian Q,Weng T, Yuan C, Sun Y,Wang H, Tao F. 2011. Screen time, physical
activity and mental health among urban adolescents in China. Preventive Medicine
53(4–5):316–320 DOI 10.1016/j.ypmed.2011.09.002.

Carli V, Hoven CW,Wasserman C, Chiesa F, Guffanti G, SarchiaponeM, Apter
A, Balazs J, Brunner R, Corcoran P, Cosman D, Haring C, IosueM, Kaess M,
Kahn JP, Keeley H, Postuvan V, Saiz P, Varnik A,Wasserman D. 2014. A newly
identified group of adolescents at ‘‘invisible’’ risk for psychopathology and sui-
cidal behavior: findings from the SEYLE study.World Psychiatry 13(1):78–86
DOI 10.1002/wps.20088.

Daley AJ, Copeland RJ, Wright NP, Roalfe A,Wales JK. 2006. Exercise therapy
as a treatment for psychopathologic conditions in obese and morbidly obese
adolescents: a randomized, controlled trial. Pediatrics 118(5):2126–2134
DOI 10.1542/peds.2006-1285.

Gapin JI, Labban JD, Etnier JL, Donnelly JE. 2011. The effects of physical activity on
attention deficit hyperactivity disorder symptoms: the evidence. Preventive Medicine
52(52 Suppl 1):S70–S74 DOI 10.1016/j.ypmed.2011.01.022.

Gore FM, Bloem PJ, Patton GC, Ferguson J, Joseph V, Coffey C, Sawyer SM,Mathers
CD. 2011. Global burden of disease in young people aged 10–24 years: a systematic
analysis. Lancet 377(9783):2093–2102 DOI 10.1016/S0140-6736(11)60512-6.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8775 15/18

https://peerj.com
http://dx.doi.org/10.1136/jech-2017-209455
http://dx.doi.org/10.1093/jpepsy/jsq107
http://dx.doi.org/10.2466/PR0.96.4.891-898
http://dx.doi.org/10.1016/S1054-139X(02)00339-7
http://dx.doi.org/10.1007/s40279-012-0015-8
http://dx.doi.org/10.1007/s00127-014-0915-z
http://dx.doi.org/10.1016/j.jsams.2013.02.015
http://dx.doi.org/10.1016/j.ypmed.2011.09.002
http://dx.doi.org/10.1002/wps.20088
http://dx.doi.org/10.1542/peds.2006-1285
http://dx.doi.org/10.1016/j.ypmed.2011.01.022
http://dx.doi.org/10.1016/S0140-6736(11)60512-6
http://dx.doi.org/10.7717/peerj.8775


Larun L, Nordheim L, Ekeland E, Hagen K, Heian F. 2006. Exercise in prevention and
treatment of anxiety and de-pression among children and young people. Cochrane
Database of Systematic Reviews 3:CD004691 DOI 10.1002/14651858.CD004691.

LiuM,Ming Q, Yi J, Wang X, Yao S. 2016. Screen time on school days and risks for
psychiatric symptoms and self-harm in mainland chinese adolescents. Frontiers in
Psychology 7:574 DOI 10.3389/fpsyg.2016.00574.

LiuM,Wu L, Yao S. 2016. Dose–response association of screen time-based seden-
tary behaviour in children and adolescents and depression: a meta-analysis
of observational studies. British Journal of Sports Medicine 50(20):1252–1258
DOI 10.1136/bjsports-2015-095084.

March JS, Parker JD, Sullivan K, Stallings P, Conners CK. 1997. The Multidimensional
Anxiety Scale for Children (MASC): factor structure, reliability, and validity.
Journal of the American Academy of Child and Adolescent Psychiatry 36(4):554–565
DOI 10.1097/00004583-199704000-00019.

McDowell CP, MacDonncha C, HerringMP. 2017. Brief report: associations of physical
activity with anxiety and depression symptoms and status among adolescents.
Journal of Adolescence 55:1–4 DOI 10.1016/j.adolescence.2016.12.004.

McMahon EM, Corcoran P, O’Regan G, Keeley H, CannonM, Carli V,Wasserman
C, Hadlaczky G, SarchiaponeM, Apter A, Balazs J, Balint M, Bobes J, Brunner
R, Cozman D, Haring C, IosueM, Kaess M, Kahn JP, Nemes B, Podlogar T,
Poštuvan V, Sáiz P, SisaskM, Tubiana A, Värnik P, Hoven CW,Wasserman
D. 2017. Physical activity in European adolescents and associations with anxiety,
depression and well-being. European Child & Adolescent Psychiatry 26(1):111–122
DOI 10.1007/s00787-016-0875-9.

Merikangas KR, He JP, BursteinM, Swanson SA, Avenevoli S, Cui L, Benjet C
Georgiades K, Swendsen J. 2010. Lifetime prevalence of mental disorders in U.S.
adolescents: results from the national comorbidity survey replication–adolescent
supplement (NCS-A). Journal of the American Academy of Child and Adolescent
Psychiatry 49(10):980–989 DOI 10.1016/j.jaac.2010.05.017.

Mokdad AH, Forouzanfar MH, Daoud F, Mokdad AA, El Bcheraoui C, Moradi-Lakeh
M, Kyu HH, Barber RM,Wagner J, Cercy K, Kravitz H, Coggeshall M, Chew A,
O’Rourke KF, Steiner C, TuffahaM, Charara R, Al-Ghamdi EA, Adi Y, Afifi RA,
Alahmadi H, AlBuhairan F, Allen N, AlMazroaM, Al-Nehmi AA, AlRayess Z,
Arora M, Azzopardi P, Barroso C, BasulaimanM, Bhutta ZA, Bonell C, Breinbauer
C, Degenhardt L, Denno D, Fang J, Fatusi A, Feigl AB, Kakuma R, KaramN,
Kennedy E, Khoja TA, Maalouf F, Obermeyer CM,Mattoo A, McGovern T, Mem-
ish ZA, Mensah GA, Patel V, Petroni S, Reavley N, Zertuche DR, Saeedi M, Santelli
J, Sawyer SM, Ssewamala F, Taiwo K, TantawyM, Viner RM,Waldfogel J, Zuñiga
MP, Naghavi M,Wang H, Vos T, Lopez AD, Al Rabeeah AA, Patton GC, Murray
CJ. 2016. Global burden of diseases, injuries, and risk factors for young people’s
health during 1990–2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet 387(10036):2383–2401 DOI 10.1016/S0140-6736(16)00648-6.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8775 16/18

https://peerj.com
http://dx.doi.org/10.1002/14651858.CD004691
http://dx.doi.org/10.3389/fpsyg.2016.00574
http://dx.doi.org/10.1136/bjsports-2015-095084
http://dx.doi.org/10.1097/00004583-199704000-00019
http://dx.doi.org/10.1016/j.adolescence.2016.12.004
http://dx.doi.org/10.1007/s00787-016-0875-9
http://dx.doi.org/10.1016/j.jaac.2010.05.017
http://dx.doi.org/10.1016/S0140-6736(16)00648-6
http://dx.doi.org/10.7717/peerj.8775


Nolen-Hoeksema S. 1987. Sex differences in unipolar depression: evidence and theory.
Psychological Bulletin 101(2):259–282 DOI 10.1037/0033-2909.101.2.259.

Nylander C, Tindberg Y, Haas J, Swenne I, Torbjörnsdotter T, Åkesson K, Örtqvist
E, Gustafsson J, Fernell E. 2018. Self- and parent-reported executive problems in
adolescents with type 1 diabetes are associated with poor metabolic control and low
physical activity. Pediatric Diabetes 19(1):98–105 DOI 10.1111/pedi.12520.

Patton GC, Coffey C, Cappa C, Currie D, Riley L, Gore F, Degenhardt L, Richard-
son D, Astone N, Sangowawa AO,Mokdad A, Ferguson J. 2012.Health of
the world’s adolescents: a synthesis of internationally comparable data. Lancet
379(9826):1665–1675 DOI 10.1016/S0140-6736(12)60203-7.

Primack BA, Swanier B, Georgiopoulos AM, Land SR, Fine MJ. 2009. Asso-
ciation between media use in adolescence and depression in young adult-
hood: a longitudinal study. Archives of General Psychiatry 66(2):181–188
DOI 10.1001/archgenpsychiatry.2008.532.

Radloff LS. 1991. The use of the Center for Epidemiologic Studies Depression Scale
in adolescents and young adults. Journal of Youth and Adolescence 20(2):149–166
DOI 10.1007/BF01537606.

Roberts RE, Lewinsohn PM, Seeley JR. 1991. Screening for adolescent depression: a
comparison of depression scales. Journal of the American Academy of Child and
Adolescent Psychiatry 30(1):58–66 DOI 10.1097/00004583-199101000-00009.

Salmon P. 2001. Effects of physical exercise on anxiety, depression, and sensi-
tivity to stress: a unifying theory. Clinical Psychology Review 21(1):33–61
DOI 10.1016/S0272-7358(99)00032-X.

Sawyer SM, Afifi RA, Bearinger LH, Blakemore S-J, Dick B, Ezeh AC, Patton GC.
2012. Adolescence: a foundation for future health. Lancet 379(9826):1630–1640
DOI 10.1016/S0140-6736(12)60072-5.

Sun Y, An J, Wang X, Zu P, Tao F-B. 2014. Gender- and puberty-dependent associa-
tion between physical activity and depressive symptoms: national survey among
chinese adolescents. Journal of Physical Activity and Health 11(7):1430–1437
DOI 10.1123/jpah.2012-0366.

Tajik E, Abd Latif L, Adznam SN, Awang H, Yit Siew C, Abu Bakar AS. 2017. A study
on level of physical activity, depression, anxiety and stress symptoms among
adolescents. Journal of Sports Medicine and Physical Fitness 57(10):1382–1387
DOI 10.23736/s0022-4707.16.06658-5.

Tao FB, XuML, Kim SD, Sun Y, Su PY, Huang K. 2007. Physical activity might
not be the protective factor for health risk behaviours and psychopathological
symptoms in adolescents. Journal of Paediatrics and Child Health 43(11):762–767
DOI 10.1111/j.1440-1754.2007.01217.x.

Vancampfort D, HallgrenM, Firth J, Rosenbaum S, Schuch FB, Mugisha J, Probst M,
Van Damme T, Carvalho AF, Stubbs B. 2017. Physical activity and suicidal ideation:
A systematic review and meta-analysis. Journal of Affective Disorders 225:438–448.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8775 17/18

https://peerj.com
http://dx.doi.org/10.1037/0033-2909.101.2.259
http://dx.doi.org/10.1111/pedi.12520
http://dx.doi.org/10.1016/S0140-6736(12)60203-7
http://dx.doi.org/10.1001/archgenpsychiatry.2008.532
http://dx.doi.org/10.1007/BF01537606
http://dx.doi.org/10.1097/00004583-199101000-00009
http://dx.doi.org/10.1016/S0272-7358(99)00032-X
http://dx.doi.org/10.1016/S0140-6736(12)60072-5
http://dx.doi.org/10.1123/jpah.2012-0366
http://dx.doi.org/10.23736/s0022-4707.16.06658-5
http://dx.doi.org/10.1111/j.1440-1754.2007.01217.x
http://dx.doi.org/10.7717/peerj.8775


Wang H, Fu J, Lu Q, Tao F, Hao J. 2014. Physical activity, body mass index and mental
health in Chinese adolescents: a population based study. Journal of Sports Medicine
and Physical Fitness 54(4):518–525.

WangM. 2012. Development and psychometric properties of the health-risk behavior
inventory for Chinese adolescents. BMCMedical Research Methodology 12(1):94–94
DOI 10.1186/1471-2288-12-94.

WangM, Armour C,Wu Y, Ren F, Zhu X, Yao S. 2013. Factor structure of the CES-D
and measurement invariance across gender in mainland chinese adolescents. Journal
of Clinical Psychology 69(9):966–979 DOI 10.1002/jclp.21978.

WangM, Yi J, Cai L, HuM, Zhu X, Yao S, Auerbach RP. 2012. Development
and psychometric properties of the health-risk behavior inventory for Chi-
nese adolescents. BMCMedical Research Methodology 12: Article number: 94
DOI 10.1186/1471-2288-12-94.

Werneck AO, Collings PJ, Barboza LL, Stubbs B, Silva DR. 2019. Associations of
sedentary behaviors and physical activity with social isolation in 100, 839 school
students: the brazilian scholar health survey. General Hospital Psychiatry 59:7–13
DOI 10.1016/j.genhosppsych.2019.04.010.

Wilkinson AV, Miller EE, Koehly LM, Daniel CR, FormanMR. 2017. Corre-
lates of physical activity differ by sex and country of birth among mexican-
heritage youth. Journal of Immigrant and Minority Health 19(2):246–253
DOI 10.1007/s10903-016-0451-x.

World Health Organization. 2010.Global recommendations on physical activity for health.
World Health Organization. Geneva: World Health Organization Press.

Xin X, Ming Q, Zhang J, Wang Y, LiuM, Yao S. 2016. Four distinct subgroups of self-
injurious behavior among chinese adolescents: findings from a latent class analysis.
PLOS ONE 11(7):e0158609 DOI 10.1371/journal.pone.0158609.

Yao S, Zhang C, Zhu X, Jing X, McWhinnie CM, Abela JR. 2009.Measuring adolescent
psychopathology: psychometric properties of the self-report strengths and difficulties
questionnaire in a sample of chinese adolescents. Journal of Adolescent Health
45(1):55–62 DOI 10.1016/j.jadohealth.2008.11.006.

Yao S, Zou T, Zhu X, Abela JR, Auerbach RP, Tong X. 2007. Reliability and validity of
the chinese version of the multidimensional anxiety scale for children among chinese
secondary school students. Child Psychiatry and Human Development 38(1):1–16
DOI 10.1007/s10578-006-0039-0.

Liu et al. (2020), PeerJ, DOI 10.7717/peerj.8775 18/18

https://peerj.com
http://dx.doi.org/10.1186/1471-2288-12-94
http://dx.doi.org/10.1002/jclp.21978
http://dx.doi.org/10.1186/1471-2288-12-94
http://dx.doi.org/10.1016/j.genhosppsych.2019.04.010
http://dx.doi.org/10.1007/s10903-016-0451-x
http://dx.doi.org/10.1371/journal.pone.0158609
http://dx.doi.org/10.1016/j.jadohealth.2008.11.006
http://dx.doi.org/10.1007/s10578-006-0039-0
http://dx.doi.org/10.7717/peerj.8775

