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Abstract 

Background: Physical activity (PA) was significantly associated with cognition and mental health in children and 
adolescent. However, there were few studies examining the associations of PA with academic achievement (AA) and 
academic burden (AB) by gender and school grade. Hence, this study aimed to 1) investigate the associations of 
moderate-to-vigorous PA (MVPA) with AA and AB in Chinese children and adolescents, and 2) assess whether these 
associations vary by gender and school grade.

Methods: Using a multi-stage stratified cluster sampling design (at four different regions in Southern east China), 
2653 children and adolescents (8–19 years old, 51.2% girls) were included. A self-reported questionnaire was used 
to collect data on study participants’ gender, school grade, family social economic status (SES), parental education 
level, MVPA, AA and AB. Binary logistic regression was applied to examine the associations of MVPA with AA (groups: 
above-average AA, average and below-average AA) and AB (groups: reporting AB, reporting no AB) with odds ratios 
(ORs) and 95% confidence intervals (CIs). After testing gender*grade interaction, those associations were explored by 
gender and school grade separately.

Results: In the overall sample, compared with children and adolescents who did not meet the PA guidelines (at least 
60 min MVPA daily), children and adolescents who met the PA guidelines were more likely to have above-average 
(OR = 1.61, 95% CI: 1.21–2.11) AA, and report no AB (OR = 1.61, 95% CI: 1.13–2.30). In both genders, meeting the PA 
guidelines was positively associated with above-average AA (OR = 1.43, 95% CI: 1.01–2.03 for boys; OR = 2.22, 95% CI: 
1.43–3.44 for girls). However, the significant relationship between meeting the PA guidelines and AB was observed 
only in girls (OR = 1.99, 95% CI: 1.17–3.39). Meeting the PA guidelines was positively associated with above-average 
AA (OR = 1.68, 95% CI: 1.18–2.40), and reporting no AB (OR = 1.77, 95% CI: 1.08–2.91) only in middle school students.

Conclusions: This study suggested that sufficient PA may be a contributary factor of improved AA and lower level of 
AB in Chinese children and adolescents. However, associations of PA with AA and AB may be different across gender 
or school grade. Promoting PA among girls or middle school students may be a good approach to improve AA and 
reduce AB.
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Introduction
Academic achievement (AA) was referred to the ways 
that students accomplish specific goals, deal with their 
studies as well as the outcome of different academic 
assessment or examinations in school [1–3]. With school 
grade increasing, children and adolescents were expected 
to attain higher levels of AA, which may contribute to 
better career developments in  the future. Hence, the 
importance of AA had been stressed for a long time 
[4]. China’s education institutions, like many countries, 
focused on strengthening education systems and enhanc-
ing students’ AA [5]. Thus, AA had been prioritized in 
Chinese social norm [6]. Enhanced AA was crucial for 
Chinese students since it was closely related to their 
entrance qualifications to university and a successful 
beginning of their future careers [7, 8].

School-aged students are usually suffering from heavy 
academic burdens (AB) for the reason that they need to 
do more academic assignments or relevant activities [9, 
10]. AB refered to that students experience burden from 
academic outcomes including scores, success and expec-
tations of external sources [11]. Studies suggested that 
academic learning is a main task for students [10], and 
AB was a complicated but extremely realistic issue that 
affects many aspects of school-aged students through 
the course of schooling education [12, 13]. Prior research 
suggests that high AB could lead to adverse effects on 
learning efficiency [14], health-related physiological and 
psychological outcomes in students [15]. Studies indi-
cated that many children and adolescents in East Asian 
countries [16] had heavy academic loads [17]. It is not 
surprised that Chinese school-aged students are exposed 
to heavy AB in schools [9, 18], especially in higher grades 
and transitional schooling years [19].

Physical activity (PA) had been recognized having posi-
tive effects on children’s and adolescents’ health [20]. In 
particular, regular moderate-to-vigorous PA (MVPA) can 
lead to more additional health benefits, including lower 
risks of obesity, cardiovascular diseases and depres-
sion symptoms [21]. Moreover, one study showed that 
PA tracks from childhood to adulthood [22]. Physically 
active children and adolescents would be more likely 
to be active in later life, which in turn results in healthy 
lifestyle [23]. However, an increasing number of studies 
used nationally representative data showed that children 
and adolescents were in low levels of MVPA [24, 25]. In 
China, the situation was even worse. According to the 
Physical Activity and Fitness in China—The Youth Study 

(PAFCTYS), 86.9% of Chinese children and adolescents 
failed to meet the World Health Organization (WHO) 
recommendations for engaging at least 60  min MVPA 
per day (PA guidelines) [26, 27].

Previous studies showed that there were significantly 
positive relationships of PA with cognition, metacog-
nition [28, 29] and mental health [30] in children and 
adolescents. Cognition skills were essential for school 
readiness, intelligence and AA [31–33] in children and 
adolescents. Systematic reviews and meta-analyses iden-
tified a positive relationship between PA and AA [1, 
28], and most studies explored the association between 
MVPA and AA. One study found that self-report MVPA 
was positively associated with AA [34], while insufficient 
MVPA may be associated with worse memory [1] and 
poorer mental health [35]. However, according to prior 
research findings [36, 37], there was a weak relation-
ship between PA and AA in students. Yet some studies 
reported inconsistent results [38–42],  that was no asso-
ciations [43, 44] or negative associations [45] between 
PA and AA. These discordant findings may be due to 
many reasons [1], for example, different effects by age 
[46]. Only a few studies had examined the age effects in 
the association between PA and AA, and the findings 
were inconsistent in older adolescents [41, 46]. In addi-
tion, based on Choi et  al’s study [47], physically active 
adolescents were more likely to report less AB than inac-
tive ones. The explicated empirical findings suggest that 
low PA may be a risk factor for AB. Recently, a study 
found that associations of PA with AA and mental health 
indicators in adolescents were both significant [48]. 
Further, previous studies demonstrated that age/gen-
der differences [49] may be plausible reasons. Different 
developmental stages [50] or gender difference need to 
be emphasized in the future studies, as previous studies 
failed to consider gender or school grade differences [38].

It had been documented in exercise-brain model [51] 
and neurobiological mechanism [52, 53] hypothesis sup-
ported that participation in PA enhances cognition and 
mental health via changes in the structural and functional 
composition of the brain. Based on that, a hypotheti-
cal model for this study was constructed for PA, which 
would be associated with outcomes of significant changes 
in AA and AB among Chinses children and adolescents. 
To our knowledge, no study in China had examined asso-
ciations of PA with AA and AB by gender and school 
grade. The purpose of this study were to  1) explore the 
associations of PA with AA and AB in Chinese children 
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and adolescents, and 2) investigate gender and school 
grade differences in these associations.

Methods
Study design and participants
This study was a cross-sectional survey using a multi-
stage stratified cluster sampling design. Initially, we 
recruited school-aged students in one municipality 
(Shanghai) and three provinces (Anhui, Zhejiang and 
Jiangsu). Seven primary schools, ten middle and high 
schools from Shanghai, six middle and high schools 
from Anhui, four middle and high schools from Zheji-
ang, and six middle and high schools from Jiangsu were 
conveniently recruited. In each school, study participants 
of at least one class in one grade was selected randomly. 
Then, all students in the class were included for survey. 
In total, 3111 students (3-11th grades, aged 8–19 years, 
52.8% girls) were selected and consented to take part 
in this study survey. After excluding invalid cases with 
missing information or answers, 2653 (51.2% girls) par-
ticipants completed the questionnaire survey (response 
rate: 85.3%). The permission to conduct this study was 
obtained from the teachers and principals of those par-
ticipating schools. All children and adolescents partici-
pating in the study, and their parents or guardians, were 
informed and participants were voluntary to take part 
in this survey. This study survey was approved by Insti-
tution of Review Board at Shanghai University of Sport. 
Data were collected and analyzed anonymously.

Procedures
Prior to the study survey, all participants were informed 
with the aim of the study. Research staff provided a 
detailed description of the survey and instruct children 
and adolescents how to complete a 3-page paper-based 
questionnaire that included questions about their MVPA, 
AA, AB and other sociodemographic information. 
Trained research staff administered the survey and help 
to answer any question when study participants have any 
problems to understand the survey.

Measurements of variables
Study outcome (Self‑report AA)
Self-reported AA had been confirmed as an acceptable 
measurement in previous research [34, 54]. In this study, 
Children and adolescents’ AA was measured via a reli-
ability question [55] of HBSC questionnaire. A 2-week 
interval test–retest reliability of AA was assessed by 
the ICC on 95 Chinese school-aged students, with ICC 
of 0.58. Self-reported AA question was  “In your opin-
ion, what does/do your class teacher(s) think about your 
school performance compared to your classmates?” and 
the participant need to select one response ranging from 

“very good, good, average, below average”, and correspond 
on a 4-point scale, they self-reported their own average 
AA level based on the following scores: 4 = “very good”, 
3 = “good”, 2 = “average”, 1 = “below average” in the class, 
with high scores indicating outstanding AA. On the basis 
of their responses [34], the participants were divided 
into two groups: 1) those who reported “good” and “very 
good” AA (above-average AA, coded = 1) and 2) those 
who reported average and below average AA (coded = 0).

Study outcome (Self‑report AB)
Self-reported AB was evaluated by “How much burden 
do you feel by studying recently?” and the participant was 
told to pick one response ranging from “much, some, a 
little, none”, and correspond on a 4-point scale, they self-
reported their own average AB level based on the follow-
ing scores: 4 = “much”, 3 = “some”, 2 = “a little”, 1 = “none” 
about their study, with high level indicating AB was par-
ticularly heavy. The measure applied in HBSC survey 
had been confirmed as reliable in previous researches 
[12, 56]. A 2-week interval test–retest reliability of AA 
was assessed by the ICC on 95 Chinese school-aged stu-
dents, with ICC of 0.62. On the basis of their responses, 
the participants were divided into two groups: 1) those 
who reported none AB (no AB, coded = 1) and 2) those 
who reported a little, some, much AB [9] (having AB, 
coded = 0).

Study exposure (Self‑report MVPA)
Children and adolescents’ MVPA was measured by 
questions from the Health Behavior in School-Aged 
Children (HBSC) survey questionnaire [57] which 
were  reliable and validated in school-aged students 
[58, 59]. Children and adolescents reported the aver-
age daily minutes of joining in MVPA in the past week. 
Self-reported MVPA were evaluated by two questions 
(days of MVPA on weekdays and weekend days, respec-
tively) [26, 60, 61]. This modified version were assessed 
by 2-week interval test–retest reliability of the intra-
class correlation coefficient (ICC) on 107 school-aged 
students, with ICC of 0.53 and 0.52 respectively. The 
first question was “During the previous five weekdays, 
on how many days were you physically active for a total 
of at least 60  min per day?” and children and adoles-
cents were asked to select a response ranging from 
zero days to five days (responses: 0 = 0  day, 1 = 1  day, 
2 = 2 days, 3 = 3 days, 4 = 4 days, 5 = 5 days). The sec-
ond question was “During the previous two weekend 
days, on how many days were you physically active for 
a total of at least 60  min per day?” and children and 
adolescents were required to choose a response rang-
ing from zero days to two days (responses: 0 = 0  day, 
1 = 1  day, 2 = 2  days). To help participants better 
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understand MVPA, it was explained as “any kind of PA 
that increased your heart rate and made you breathe 
hard some of the time (including physical education 
time, exercising, sports training, and various regular 
daily activities such as brisk walking, hiking, and excur-
sion)” [60]. We aggregated the responses from these 
two questions to compute the total number of days 
those children and adolescents were physically active 
for at least 60 min [26, 60]. We also corresponded and 
calculated the overall percentage of students who met 
the PA guidelines of being physically active for at least 
60  min daily [27, 62]. Additionally, the participants 
were divided into two groups: 1) those who reported 
meet the PA guidelines (coded = 1) and 2) those who 
did not meet [63](coded = 0).

Self‑report socio‑demographic covariates (Other measures)
Demographic information included children and ado-
lescents’ gender, school grade, social economic sta-
tus (SES) [64] and parental education level [64] for 
each children and adolescents was obtained through 
his or her self-report on the survey. Participants 
were required to report their information on gender 
(responses: 1 = male, 2 = female), grade (responses: 
1, 2, 3, … 12), SES (responses: 1 = very good, 2 = good, 
3 = average, 4 = poor, 5 = very poor), and parental edu-
cation level was separately assessed by asking mother 
and father’s education level (responses: 1 = under pri-
mary school, 2 = primary school, 3 = middle school, 
4 = high school, 5 = college, 6 = university bachelor, 
7 = university master or higher). Based on actual situa-
tion of basic education in China, grades were divided 
of three school grade groups: Primary (1-6th grade, 
shanghai:1-5th grade), middle (7-9th grade, shanghai:6-
9th grade) and high (10-12th grade) schools.

Statistical analysis
All the statistical analysis were performed in SPSS Ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Descrip-
tive analysis was used to reported characteristics 
(mean or percentage) of variables of this study. Chi-
square test was used to examine the difference among 
MVPA, AA or AB by gender or school grades. Binary 
logistic regression was applied to estimate the associ-
ations among MVPA with AA and AB after adjusting 
for all the sociodemographic variables (gender, school 
grades, SES, and parental education level) with odds 
ratios (ORs) and 95% confidence intervals (CIs). As a 
gender*grade interaction role was found in the asso-
ciations of MVPA with AA and AB, we did stratified 

analysis by gender and school grades separately. Statis-
tical significance was set at p < 0.05.

Results
Participant’s characteristics
Characteristics of the overall study participants were 
presented in Table  1. In total, 2653 children and ado-
lescents (1359 girls, 51.2%) were included, with a mean 
age of 13.0  years (Standard Deviation, SD = 2.4). Over 
68.0% of children and adolescents reported above-
average AA and only 9.9% of children and adolescents 
reported no AB. Moreover, only 10.7% of study partici-
pants met the PA guidelines.

Table  2 showed differences of prevalence of meet-
ing the PA guidelines, AA and AB by gender or school 
grade. In details, more boys reported above-average 
AA (33.2% vs. 29.2%, p < 0.05) and were more physically 
active than girls (13.8% vs. 7.8%, p < 0.001). Differences 
were found in prevalence of meeting the PA guidelines, 
AA, AB across different school grade (p < 0.001). With 
school grade increasing, the percentage of meeting the 
PA guidelines, above-average AA and reporting no AB 
decreased.

Associations of self‑report MVPA with AA and AB
Binary logistic regression analysis revealed associations 
of MVPA with AA and AB in the overall study partici-
pants. Compared with those who did not meet the PA 
guidelines, children and adolescents  who met the PA 
guidelines had  a  greater likelihood of reporting above-
average AA (OR = 1.61, 95% CI: 1.23–2.11). Similar 
results were also observed the significantly relationships 
between MVPA and AB in children and adolescents 
(OR = 1.61, 95% CI: 1.13–2.30).

Table 3 presented the results for associations of MVPA 
with AA and AB among boys and girls. Compared with 
those who did not meet the PA guidelines, boys who met 
the PA guidelines have greater likelihood of attaining 
above-average AA (OR = 1.43, 95% CI: 1.01–2.03). Simi-
lar results were also observed among girls (OR = 2.22, 
95% CI: 1.43–3.44). Compared with those who did not 
meet the PA guidelines, girls who met the PA guidelines 
have greater likelihood of reporting no AB (OR = 1.99, 
95% CI: 1.17–3.39).

As was shown in Table  4, results for associations of 
MVPA with AA and AB by school grade. Compared with 
those who did not meet the PA guidelines, children and 
adolescents who met the PA guidelines  may be signifi-
cantly associated with above-average AA (OR = 1.68, 95% 
CI: 1.18–2.40) and reporting no AB (OR = 1.77, 95% CI: 
1.08–2.91) in middle school.
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Discussion
Study findings
This study focused on investigating associations of 
MVPA with AA and AB in Chinese children and ado-
lescents. In addition, this study also explored gender 
and grade differences in the above associations. Results 
showed that approximately one in tenth of children and 
adolescents met the PA guidelines, with boys being more 

physically active than girls. Moreover, with grade increas-
ing, children and adolescents were less likely to meet the 
PA guidelines. Compared with children and adolescents 
who did not meet the PA guidelines, those who met the 
PA guidelines were more likely to have above-average AA 
and report no AB. In general, MVPA may be positively 
associated with AA in both genders. However, the asso-
ciation between MVPA and AB was differentiated in boys 

Table 1 Characterization of children and adolescents

Notes: MVPA Moderate-to-Vigorous Physical Activity: number of days that children and adolescents are physically active for at least 60 min, SES social economic status, 
F: Father’s education level, M: Mother’s education level

Variables Total (n = 2653) Boys (n = 1294, 48.8%) Girls (n = 1359, 51.2%)

Age 13.0 ± 2.4 12.8 ± 2.3 13.2 ± 2.4

School

  Primary 472 (17.8%) 240 (18.5%) 232 (17.1%)

  Middle 1711 (64.5%) 885 (68.4%) 826 (60.8%)

  High 470 (17.7%) 169 (13.1%) 301 (22.1%)

Parents’ education level

  Under primary school 42 (1.6%) F, 113 (4.3%) M 23(1.8%) F, 61 (4.7%) M 19 (1.4%) F, 52 (3.8%) M

  Primary school 234 (8.8%) F, 361 (13.6%) M 109(8.4%) F, 179 (13.8%) M 125 (9.2%) F, 182 (13.4%) M

  Middle school 802 (30.2%) F, 773 (29.1%) M 384(29.7%) F, 357 (27.6%) M 418 (30.8%) F, 416 (30.6%) M

  High school 612 (23.1%) F, 481 (18.1%) 310(24.0%) F, 239 (18.5%) M 302 (22.2%) F, 242 (17.8%) M

  College 299 (11.3%) F, 331 (12.5%) M 145 (11.2%) F, 165 (12.8%) M 154 (11.3%) F, 166 (12.2%) M

  University bachelor 471 (17.8%) F, 448 (16.95) M 215 (16.6%) F, 211 (16.3%) M 256 (18.8%) F, 237 (17.4%) M

  University master or higher 193 (7.3%) F, 146 (5.5%) M 108 (8.3%) F, 82 (6.3%) M 85 (6.3%) F, 64 (4.7%) M

SES

  Very good 80 (3.0%) 54 (4.2%) 26 (1.9%)

  Good 773 (29.1%) 393 (30.4%) 380 (28.0%)

  Fair 1525 (57.5%) 716 (55.3%) 809 (59.5%)

  Poor 226 (8.5%) 107 (8.3%) 119 (8.8%)

  Very poor 49 (1.8%) 24 (1.9%) 25 (1.8%)

MVPA

  0 days 141 (5.3%) 56 (4.3%) 85 (6.3%)

  1 days 202 (7.6%) 86 (6.6%) 116 (8.5%)

  2 days 299 (11.3%) 127 (9.8%) 172 (12.7%)

  3 days 465 (17.5%) 237 (18.3%) 228 (16.8%)

  4 days 558 (21.0%) 266 (20.6%) 292 (21.5%)

  5 days 353 (13.3%) 165 (12.8%) 188 (13.8%)

  6 days 351 (13.2%) 179 (13.8%) 172 (12.7%)

  7 days 284 (10.7%) 178 (13.8%) 106 (7.8%)

Academic achievement

  Very good 118 (4.4%) 71 (5.5%) 47 (3.5%)

  Good 709 (26.7%) 359 (27.7%) 350 (25.8%)

  Average 1566 (59.0%) 720 (55.6%) 846 (62.3%)

  Below average 260 (9.8%) 144 (11.1%) 116 (8.5%)

Academic burden

  Much 444 (16.7%) 237 (18.3%) 207 (15.2%)

  Some 1028 (38.7%) 497 (38.4%) 531 (39.1%)

  A little 919 (34.6%) 427 (33.0%) 492 (36.2%)

  None 262(9.9%) 133 (10.3%) 129 (9.5%)
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Table 2 The difference in variables by gender or school grade

Notes: MVPA Moderate-to-Vigorous Physical Activity. PA guidelines (Physical Activity guidelines): World Health Organization recommendation for at least 60 min MVPA 
daily. Above-average AA: above-average academic achievement (included good and very good), AB: academic burden. ys: years old

Total
(n = 2653)

Gender School grade

Boys
(n = 1294)

Girls
(n = 1359)

Primary 
(n = 472,
9.1 ± 0.9ys)

Middle 
(n = 1711,
13.2 ± 1.3ys)

High 
(n = 470,
16.0 ± 0.7ys)

MVPA

  Meet the PA guidelines 284
(10.7%)

178
(13.8%)

106
(7.8%)

91
(19.3%)

165
(9.6%)

28
(6.0%)

  Not meet the PA guidelines 2369
(89.3%)

1116
(86.2%)

1253
(92.2%)

381
(80.7%)

1546
(90.4%)

442
(94.0%)

p < 0.001 p < 0.001

AA

  Above-average 1826
(68.9%)

430
(33.2%)

397
(29.2%)

237
(50.2%)

490
(28.6%)

100
(21.3%)

   ≤ Average 827
(31.1%)

864
(66.8%)

962
(70.8%)

235
(49.8%)

1221
(71.4%)

370
(78.7%)

p < 0.05 p < 0.001

AB

  No AB 262
(9.9%)

133
(10.3%)

129
(9.5%)

111
(23.5%)

137
(8.0%)

14
(3.0%)

  Having AB 2391
(90.1%)

1161
(89.7%)

1230
(90.5%)

361
(76.5%)

1574
(92.0%)

456
(97.0%)

p = 0.50 p < 0.001

Table 3 Associations of MVPA with AA and AB by gender

Notes: OR Odd Ratio, CI Confidence Interval, PA Physical Activity, AA Academic achievement, AB Academic burden. p < 0.05 tested by Binary logistic regression analysis 
(adjusted for grades, gender, parents’ education level and SES). 1 = Reference

Total (n = 2653) Boys (n = 1294) Girls (n = 1359)

OR 95% CI OR 95% CI OR 95% CI

AA

  Not meet the PA guidelines 1 1 1

  Meet the PA guidelines 1.61 1.23–2.11 1.43 1.01–2.03 2.22 1.43–3.44
AB

  Not meet the PA guidelines 1 1 1

  Meet the PA guidelines 1.61 1.13–2.30 1.44 0.88–2.33 1.99 1.17–3.39

Table 4 Associations of MVPA with AA and AB by school grade

Notes: OR Odd Ratio, CI Confidence Interval, PA Physical Activity, AA Academic achievement, AB Academic burden. p < 0.05 tested by Binary logistic regression analysis 
(adjusted for grades, gender, parents’ education level and SES). ys: years old. 1 = Reference

Primary school
(n = 472, 9.1 ± 0.9ys)

Middle school
(n = 1711, 13.2 ± 1.3ys)

High school
(n = 470, 16.0 ± 0.7ys)

OR 95% CI OR 95% CI OR 95% CI

AA

  Not meet the PA guidelines 1 1 1

  Meet the PA guidelines 1.53 0.92–2.52 1.68 1.18–2.40 1.68 0.70–4.04

AB

  Not meet the PA guidelines 1 1 1

  Meet the PA guidelines 1.70 0.99–2.93 1.77 1.08–2.91 3.28 0.45–24.11
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and girls. Meeting the PA guidelines may be positively 
associated with AA and AB in middle school students 
rather than students in other school grade.

PA and AA
This study pointed that Chinese children and adoles-
cents who met the PA guidelines were more likely to 
report above-average AA, compared with those who did 
not meet the PA guidelines. These results were consist-
ent with other previous findings [39, 48, 65, 66]. Some 
possibly direct explanations can be used to support the 
positive association between MVPA and AA in this study. 
Participating in PA may enhance both health and func-
tion of brain [67–69] among children and adolescents. 
For health of brain, the production of new nerve cells in 
hippocampal stem cells [51] may increase by engaging in 
PA. For function of brain, arousal induced and boredom 
can reduce by PA, thus the attention span increased [70]. 
Moreover, doing PA may benefit cognitive functions, such 
as working memory and information processing in learn-
ing, thereby the integration and distribution of academic 
information may expedite of youth [71–73]. Additionally, 
several indirect reasons were explainable. Participation in 
PA was possibly linked to learning defined as improved 
self-concept and increased academic self-confidence [74]
in children and adolescents. Another study observed that 
the level of self-esteem may be enhance and future occu-
pational outcomes may be affected by participating in PA 
[75], which was consistent with findings that PA benefits 
diverse academic-related outcomes in children and ado-
lescents [76]. However, the association would be bidi-
rectional due to cross-sectional study. Insights could be 
gained from conducting high-quality PA intervention on 
AA among Chinese children and adolescents.

PA and AB
This study showed that those who met  the PA guide-
lines may be nearly two times greater to have no AB than 
those who did not meet the PA guidelines. This finding 
was supported by  a prior study [77], which MVPA had 
been shown to be  linked to physical and psychosocial 
health outcomes of children and adolescents. Promot-
ing PA could affect circulatory system in the whole body 
[78]. For example, blood flow and ions can be improved 
by participation in PA, and thus hormones may be mobi-
lized, which in turn enhances blood circulation. Thus, 
PA can lead to positive changes in psychological emo-
tion [79] in children and adolescents. In addition, PA 
benefited mental or psychosocial health. Landers & 
Petruzzello’ study showed that PA may be anxiolytic 
and antidepressant [80]. On the contrary, lower levels 
of PA may be associated with depressive symptoms [81]. 
Meanwhile, Lima et  al’ findings showed that a strong 

correlation between depression and burden [82]. This 
relationship may indirectly strengthed the association of 
MVPA and AB in children and adolescents. Regardless of 
the direct or indirect associations between PA and men-
tal health, physically inactive children and  adolescents 
may suffer a ‘double health burden’, with both physi-
cal and mental health challenges [50]. However, since 
cross-sectional study  cannot infer bidirectional associa-
tions, this study suggested PA intervention on AB can be 
a way of confirming the relationship in future research.

PA with AA and AB by gender
This study may indicate that the associations of MVPA 
with AA and AB varied by gender. The evidence showed 
that girls may have lower AA levels than boys. It is pos-
sible that higher levels of MVPA had a more profound 
effect on AA in girls. Moreover, gender differences in 
the association between MVPA and AA may be owing 
to different school subjects. For instance, girls may have 
greater ability in learning Language, Literature, Biology, 
Geology, and Plastic, while boys outperform Mathemat-
ics, Physical Education, and Technology [83, 84]. This 
might lead to the varied associations. Additionally, this 
study also found that the negative association between 
MVPA and AB was not significant in boys but girls. Prior 
research showed that individuals regularly engaging 
in organized and team sports were associated with the 
lower risks of mental health problems [30]. Yet the poten-
tial benefits in organized and team activities with men-
tal health may be different in boys and girls. One  study 
reported that organized sports had a greater impact on 
mental health in girls than boys [85]. It is possible that 
team sports lead to mental health benefits for girls par-
ticularly [86]. In the future, it is important to provide 
more evidence supporting the gender difference in the 
association of MVPA with AA and AB.

PA with AA and AB by school grade
This study found that only middle school students who 
met the PA guidelines were more likely to have above-
average AA and reporting no AB compared with those 
who did not meet the PA guidelines. There were several 
possible reasons to explain this research finding. Firstly, 
this result may be due to education System in China. Pri-
mary (1-6th grade, shanghai:1-5th), middle (7-9th grade, 
shanghai:6-9th) and high (10-12th grade) schooling are 
parts of basic education in China, with the middle school 
grade being a demarcation point between compulsory 
education (1-9th grade) and non-compulsory education 
(10-12th grade). During compulsory education period, 
students were enrolled to the nearest school according 
to their residence area, which had nothing to do with 
their AA. However, in order to continue their study in 
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high school, students have to attend entrance examina-
tion when graduated from middle school. Only about half 
of students can go to high school based on their scores 
of entrance examination. The other students may enter 
vocational or occupational school. For those students 
who can continue studying in high school, the score of 
entrance examination was also vital for choosing schools. 
The higher scores they have, the better high school they 
can be enrolled. One  study showed that Chinese par-
ents were reputed to have high educational expectations 
of their children school achievement [87]. Therefore, 
AA was important in middle school students, and cause 
their AB to be highly concerned. Moreover, promoting 
MVPA of children and adolescents, especially middle 
school students, were committed by Chinese govern-
ment and education agency. Recently, it suggested that 
physical education subject will receive sufficient atten-
tion as equal as subjects of Chinese, mathematics and 
languages. Thus, PA opportunity will be increased greatly 
in school education system in China. Secondly, middle 
school students were in pubertal spurt phase and this 
stage was a critical period for their overall growth. The 
physical changes occur alongside mental, cognition and 
movement development changes [88] in children and 
adolescents. Explanations for why adolescents partici-
pated in adequate MVPA may have greater importance 
in reducing psychological distress and enhancing cog-
nition skills. It may also be related to how peer support 
and interaction play an increasingly important role [88, 
89] in childhood, which may modified the associations of 
MVPA with AA and AB. Thirdly, this findings may be due 
to various reasons [1], including sample size in different 
school grades and individual differences of children and 
adolescents. The sample size of primary school and high 
school was small, which was one of the possible reasons 
for the relationship. Finally, this study supported previ-
ous study findings that no significant association was 
found between MVPA and AA in younger school-age 
children [44, 90, 91]. However, findings of this study was 
inconsistent with the latest summary findings that MVPA 
has both short- and long-term positive effects on brain 
health, cognitive functions and academic performance 
in 5–13  years old children [92]. The possible reason for 
incompatible findings that the summary findings were 
mainly based on western children and adolescent, which 
may not be replicated in China. In addition, the sum-
mary finding also showed that no significant association 
between MVPA and AB in high school students. Previous 
studies had shown that, during high school years, some 
adolescents were under heavy pressure in school and 
heavy homework loads were typical [5, 93]. It was there-
fore that many high school students do not have enough 

time for MVPA [9]. Those factors may explain the signifi-
cant association of MVPA with AA and AB observed in 
middle school students.

Strengths and limitations
Strengths of this study include that exploration on asso-
ciations of MVPA, a specific intensity of PA with strongly 
benefits for physical and mental health, with AA and 
AB in Chinese children and adolescents by gender and 
school grade. Moreover, in this study, the sample size was 
large and students are recruited from different regions, 
which may increase the generalizability of research find-
ings. However, some limitations were involved in this 
study. Firstly, the sample size of primary and high school 
grades was small, which may have an impact on the 
research findings. Secondly, this study used self-reported 
questionnaires to assess MVPA, SES, parents’ educa-
tion, AA and AB in children and adolescents, which may 
impact the accuracy of measurement. Thirdly, children 
and adolescents’ BMI which may influence independent 
and dependent variables was not included, and it could 
lead to bias to results. Moreover, some confounding fac-
tors (such as, learning difficulties, the need for educa-
tional support, physical disabilities) for PA, AA, and AB 
were not measured and it may not be possible to exclude 
the influence of these factors. Finally, only associations 
of MVPA intensity with AA and AB are included and 
limitation of cross-sectional study designs. Hence, PA 
intervention on AA and AB in Chinese children and ado-
lescents needs to be clarified in the future research.

Conclusion
PA may be significantly associated with AA and AB in 
Chinese children and adolescents, especially in girls. 
MVPA was probably associated with AA and AB in mid-
dle school adolescents. Promoting girls or middle school 
students PA may significantly influence their AA and 
AB. Further studies may be encouraged to explore asso-
ciations of different intensity of PA with AA and AB in 
Chinese children and adolescent by different gender and 
school grade. Moreover, more interventions, longitudinal 
or mediation studies may be needed to clarify relation-
ships of PA with AA and AB.

Abbreviations
CI: Confidence interval; OR: Odds ratio; PA: Physical activity; MVPA: Moderate-
to-vigorous physical activity; AA: Academic achievement; AB: Academic 
burden; SES: Social economic status; WHO: World Health Organization.

Acknowledgements
We greatly appreciate the students and parents/guardians participating ques-
tionnaire survey, staff in field survey and data entry employees.



Page 9 of 11Zhang et al. BMC Public Health         (2022) 22:1496  

Authors’ contributions
DZ conducted the research, sorted data. YL designed and drafted the manu-
script. JH contributed to the presentation of results and critically modified 
the important content. DZ and SC analyzed data and proofed methods. 
All authors revised the manuscript. All authors read and approved the final 
manuscript.

Funding
This study is supported by grants from the National Social Science Foundation 
of China (No.19BTY077) and Shanghai Key Laboratory of Human Performance 
(Shanghai University of Sport, No.11DZ2261100).

Availability of data and materials
The datasets analysed in this study are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
The permission to conduct this study was obtained from the teachers and 
principals of those participating schools. All the children and adolescents 
participating in the study, and their parents or guardians, were informed 
and participants were voluntary to take part in this survey. Verbal informed 
consent was obtained from all parents/guardians or teachers, and positive 
assent was obtained from all the children before data collection which was 
approved by Institution of Review Board at Shanghai University of Sport This 
study survey was also approved by Institution of Review Board at Shanghai 
University of Sport. Procedures performed in studies were in accordance with 
national research committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. Data were collected and 
analyzed anonymously.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 School of Physical Education, Shanghai University of Sport, Shanghai 200438, 
China. 2 Shanghai Research Institute of Sports Science (Shanghai Anti-Doping 
Agency), Shanghai 200030, China. 3 Institute for Health and Sport, Victoria Uni-
versity, Melbourne, VIC 8001, Australia. 4 Shanghai Research Centre for Physical 
Fitness and Health of Children and Adolescents, Shanghai 200438, China. 

Received: 27 October 2021   Accepted: 27 July 2022

References
 1. Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al. 

Physical Activity, Fitness, Cognitive Function, and Academic achievement 
in children: a systematic review. Med Sci Sports Exerc. 2016;48(6):1223–4. 
https:// doi. org/ 10. 1249/ mss. 00000 00000 000966.

 2. Oguguo BC, Ajuonuma JO, Azubuike R, Ene CU, Atta FO, Oko CJ. Influ-
ence of social media on students’ academic achievement. Int J Eval Res 
Educ (IJERE). 2020;9(4):1000. https:// doi. org/ 10. 11591/ ijere. v9i4. 20638.

 3. Ricarda Steinmayr AM, Anne F. Weidinger, Linda Wirthwein. Academic 
Achievement. In. obo in Education; 2014.

 4. Han GS. The relationship between physical fitness and academic achieve-
ment among adolescent in South Korea. J phys ther sci. 2018;30(4):605–8. 
https:// doi. org/ 10. 1589/ jpts. 30. 605.

 5. Liang X, Kidwai H. How Shanghai Does It. Insights and Lessons from the 
Highest-Ranking Education System in the World. Washington, DC: World 
Bank Publications; 2016.

 6. Tudor-Locke C, Ainsworth BE, Adair LS, Du S, Popkin BM. Physical activity 
and inactivity in Chinese school-aged youth: the China Health and Nutri-
tion Survey. Int J Obes Relat Metab Disord. 2003;27(9):1093–9. https:// doi. 
org/ 10. 1038/ sj. ijo. 08023 77.

 7. Zhou Y-X, Zhao Z-T, Li L, Wan C-S, Peng C-H, Yang J, et al. Predictors of 
first-year GPA of medical students: a longitudinal study of 1285 matricu-
lates in China. Bmc Med Educ. 2014;14:87. https:// doi. org/ 10. 1186/ 
1472- 6920- 14- 87.

 8. Wu J, Wei X, Zhang H, Zhou X. Elite schools, magnet classes, and aca-
demic performances: Regression-discontinuity evidence from China. 
China Econ Rev. 2019;55:143–67. https:// doi. org/ 10. 1016/j. chieco. 2019. 03. 
004.

 9. Zhu X, Haegele JA, Tang Y, Wu X. Physical Activity and Sedentary Behav-
iors of Urban Chinese Children: Grade Level Prevalence and Academic 
Burden Associations. Biomed Res Int. 2017;2017:7540147. https:// doi. org/ 
10. 1155/ 2017/ 75401 47.

 10. Qi S, Qin Z, Wang N, Tse LA, Qiao H, Xu F. Association of academic 
performance, general health with health-related quality of life in 
primary and high school students in China. Health Qual Life Outcomes. 
2020;18(1):339. https:// doi. org/ 10. 1186/ s12955- 020- 01590-y.

 11. English R, De Fazio C, Dennis T, Sattelmeier B. Creative Coping Strategies: 
Reducing Academic Stress in College Students. Brenau University; 2019.

 12. Klinger DA, Freeman JG, Bilz L, Liiv K, Ramelow D, Sebok SS, et al. Cross-
national trends in perceived school pressure by gender and age from 
1994 to 2010. Eur J Public Health. 2015;25(Suppl_2):51–6. https:// doi. org/ 
10. 1093/ eurpub/ ckv027.

 13. Uvaas T, McKevitt BC. Improving transitions to high school: a review of 
current research and practice. Prev Sch Fail: Altern Educ Child Youth. 
2013;57(2):70–6. https:// doi. org/ 10. 1080/ 10459 88X. 2012. 664580.

 14. Alfonso Águila B, Calcines Castillo M, Monteagudo de la Guardia R, Nieves 
Achon Z. Estrés académico. Edumecentro. 2015;7:163–78.

 15. Wunsch K, Kasten N, Fuchs R. The effect of physical activity on sleep 
quality, well-being, and affect in academic stress periods. Nat Sci Sleep. 
2017;9:117–26. https:// doi. org/ 10. 2147/ nss. s1320 78.

 16. Morita N, Nakajima T, Okita K, Ishihara T, Sagawa M, Yamatsu K. Relation-
ships among fitness, obesity, screen time and academic achievement in 
Japanese adolescents. Physiol Behav. 2016;163:161–6. https:// doi. org/ 10. 
1016/j. physb eh. 2016. 04. 055.

 17. Liu Y, Zhang Y, Chen S, Zhang J, Guo Z, Chen P. Associations between 
parental support for physical activity and moderate-to-vigorous physical 
activity among Chinese school children: A cross-sectional study. J Sport 
Health Sci. 2017;6(4):410–5. https:// doi. org/ 10. 1016/j. jshs. 2017. 09. 008.

 18. Zhu X, Haegele JA, Liu H, Yu F. Academic stress, physical activity, sleep, 
and mental health among chinese adolescents. Int J Environ Res Public 
Health. 2021;18(14):7257.

 19. Sun J, Dunne MP, Hou X-Y. Academic stress among adolescents in China. 
In: 2012; 2012.

 20. Janssen I, Leblanc AG. Systematic review of the health benefits of physi-
cal activity and fitness in school-aged children and youth. Int J Behav 
Nutri Phys Act. 2010;7:40–40. https:// doi. org/ 10. 1186/ 1479- 5868-7- 40.

 21. Mountjoy M, Andersen LB, Armstrong N, Biddle S, Boreham C, Bedenbeck 
HP, et al. International Olympic Committee consensus statement on the 
health and fitness of young people through physical activity and sport. 
Br J Sports Med. 2011;45(11):839–48. https:// doi. org/ 10. 1136/ bjspo 
rts- 2011- 090228.

 22. Telama R, Yang X, Viikari J, Valimaki I, Wanne O, Raitakari O. Physical activity 
from childhood to adulthood: a 21-year tracking study. Am J Prev Med. 
2005;28(3):267–73. https:// doi. org/ 10. 1016/j. amepre. 2004. 12. 003.

 23. Telama R, Yang X, Viikari J, Välimäki I, Wanne O, Raitakari O. Physical activity 
from childhood to adulthood: a 21-year tracking study. Am J Prev Med. 
2005;28(3):267–73. https:// doi. org/ 10. 1016/j. amepre. 2004. 12. 003.

 24. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient 
physical activity among adolescents: a pooled analysis of 298 population-
based surveys with 1·6 million participants. Lancet Child Adolesc Health. 
2020;4(1):23–35. https:// doi. org/ 10. 1016/ s2352- 4642(19) 30323-2.

 25. Aubert S, Barnes JD, Abdeta C, Abi Nader P, Adeniyi AF, Aguilar-Farias N, 
et al. Global matrix 3.0 physical activity report card grades for children 
and youth: results and analysis from 49 countries. J Phys Act Health. 
2018;15(s2):S251–73. https:// doi. org/ 10. 1123/ jpah. 2018- 0472.

 26. Liu Y, Tang Y, Cao ZB, Zhuang J, Zhu Z, Wu XP, et al. Results from the China 
2018 Report Card on physical activity for children and youth. J Exerc Fit 
(JESF). 2019;17(1):3–7. https:// doi. org/ 10. 1123/ jpah. 2018- 0455.

 27. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. 
World Health Organization 2020 guidelines on physical activity and 

https://doi.org/10.1249/mss.0000000000000966
https://doi.org/10.11591/ijere.v9i4.20638
https://doi.org/10.1589/jpts.30.605
https://doi.org/10.1038/sj.ijo.0802377
https://doi.org/10.1038/sj.ijo.0802377
https://doi.org/10.1186/1472-6920-14-87
https://doi.org/10.1186/1472-6920-14-87
https://doi.org/10.1016/j.chieco.2019.03.004
https://doi.org/10.1016/j.chieco.2019.03.004
https://doi.org/10.1155/2017/7540147
https://doi.org/10.1155/2017/7540147
https://doi.org/10.1186/s12955-020-01590-y
https://doi.org/10.1093/eurpub/ckv027
https://doi.org/10.1093/eurpub/ckv027
https://doi.org/10.1080/1045988X.2012.664580
https://doi.org/10.2147/nss.s132078
https://doi.org/10.1016/j.physbeh.2016.04.055
https://doi.org/10.1016/j.physbeh.2016.04.055
https://doi.org/10.1016/j.jshs.2017.09.008
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.1136/bjsports-2011-090228
https://doi.org/10.1136/bjsports-2011-090228
https://doi.org/10.1016/j.amepre.2004.12.003
https://doi.org/10.1016/j.amepre.2004.12.003
https://doi.org/10.1016/s2352-4642(19)30323-2
https://doi.org/10.1123/jpah.2018-0472
https://doi.org/10.1123/jpah.2018-0455


Page 10 of 11Zhang et al. BMC Public Health         (2022) 22:1496 

sedentary behaviour. Br J sports Med. 2020;54(24):1451–62. https:// doi. 
org/ 10. 1136/ bjspo rts- 2020- 102955.

 28. Alvarez-Bueno C, Pesce C, Cavero-Redondo I, Sanchez-Lopez M, Garrido-
Miguel M, Martinez-Vizcaino V. Academic Achievement and Physical 
Activity: A Meta-analysis. Pediatrics. 2017;140(6):e20171498. https:// doi. 
org/ 10. 1542/ peds. 2017- 1498.

 29. Sibley BA, Etnier JL. The relationship between physical activity and cogni-
tion in children: a meta-analysis. Pedexerc. 2003;15(3):243–56. https:// doi. 
org/ 10. 1515/ ijsl. 2000. 143. 183.

 30. Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M, Krumholz HM, 
Krystal JH, et al. Association between physical exercise and mental health 
in 1·2 million individuals in the USA between 2011 and 2015: a cross-
sectional study. Lancet Psychiatry. 2018;5(9):739–46. https:// doi. org/ 10. 
1016/ s2215- 0366(18) 30227-x.

 31. Best JR, Miller PH, Naglieri JA. Relations between Executive Function and 
Academic Achievement from Ages 5 to 17 in a Large Representative 
National Sample. Learn Individ Differ. 2011;21(4):327–36. https:// doi. org/ 
10. 1016/j. lindif. 2011. 01. 007.

 32. Shaul S, Schwartz M, Shaul S, Schwartz M. The role of the executive func-
tions in school readiness among preschool-age children. Read Writing. 
2014;27(4):749–68. https:// doi. org/ 10. 1007/ s11145- 013- 9470-3.

 33. Alloway TP, Alloway RG. Investigating the predictive roles of work-
ing memory and IQ in academic attainment. J Exp Child Psychol. 
2010;106(1):20–9. https:// doi. org/ 10. 1016/j. jecp. 2009. 11. 003.

 34. So WY. Association between physical activity and academic performance 
in Korean adolescent students. Bmc Public Health. 2012;12:258. https:// 
doi. org/ 10. 1186/ 1471- 2458- 12- 258.

 35. Iannotti RJ, Janssen I, Haug E, Kololo H, Annaheim B, Borraccino A, et al. 
Interrelationships of adolescent physical activity, screen-based sedentary 
behaviour, and social and psychological health. Int J Public Health. 
2009;54(2):191–8. https:// doi. org/ 10. 1007/ s00038- 009- 5410-z.

 36. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. 
Systematic review of the relationships between objectively measured 
physical activity and health indicators in school-aged children and youth. 
Appl Physiol Nutr Metab. 2016;41(6 Suppl 3):S197. https:// doi. org/ 10. 
1139/ apnm- 2015- 0663.

 37. Esteban-Cornejo I, Ma Tejero-Gonzalez C, Martinez-Gomez D, Cabanas-
Sanchez V, Fernandez-Santos JR, Conde-Caveda J, et al. Objectively 
measured physical activity has a negative but weak association with 
academic performance in children and adolescents. Acta Paediatrica. 
2014;103(11):E501–6. https:// doi. org/ 10. 1111/ apa. 12757.

 38. Marques A, Santos DA, Hillman CH, Sardinha LB. How does academic 
achievement relate to cardiorespiratory fitness, self-reported physical 
activity and objectively reported physical activity: a systematic review 
in children and adolescents aged 6–18 years. British J Sports Med. 
2018;52(16):1039. https:// doi. org/ 10. 1136/ bjspo rts- 2016- 097361.

 39. Esteban-Cornejo I, Ma Tejero-Gonzalez C, Sallis JF, Veiga OL. Physical activ-
ity and cognition in adolescents: A systematic review. J Sci Med Sport. 
2015;18(5):534–9. https:// doi. org/ 10. 1016/j. jsams. 2014. 07. 007.

 40. Singh A, Uijtdewilligen L, Twisk JW, van Mechelen W, Chinapaw MJ. 
Physical activity and performance at school: a systematic review of the 
literature including a methodological quality assessment. Arch Pediatr 
Adolesc Med. 2012;166(1):49–55. https:// doi. org/ 10. 1001/ archp ediat rics. 
2011. 716.

 41. Singh AS, Saliasi E, van den Berg V, Uijtdewilligen L, de Groot RHM, Jolles J, 
et al. Effects of physical activity interventions on cognitive and academic 
performance in children and adolescents: a novel combination of a sys-
tematic review and recommendations from an expert panel. Br J Sports 
Med. 2019;53(10):640–7. https:// doi. org/ 10. 1136/ bjspo rts- 2017- 098136.

 42. Syväoja HJ, Kankaanpää A, Kallio J, Hakonen H, Kulmala J, Hillman CH, 
et al. The Relation of Physical Activity, Sedentary Behaviors, and Academic 
Achievement Is Mediated by Fitness and Bedtime. J Phys Act Health. 
2018;15(2):135–43. https:// doi. org/ 10. 1123/ jpah. 2017- 0135.

 43. Jaakkola T, Hillman C, Kalaja S, Liukkonen J. The associations among 
fundamental movement skills, self-reported physical activity and 
academic performance during junior high school in Finland. J Sports Sci. 
2015;33(16):1719–29. https:// doi. org/ 10. 1080/ 02640 414. 2015. 10046 40.

 44. Hansen DM, Herrmann SD, Lambourne K, Lee J, Donnelly JE. Linear/
nonlinear relations of activity and fitness with children’s academic 
achievement. Med Sci Sports Exerc. 2014;46(12):2279–85. https:// doi. org/ 
10. 1249/ mss. 00000 00000 000362.

 45. Tremblay MS, Inman JW, Willms JD. The relationship between physical 
activity, self-esteem, and academic achievement in 12-year-old children. 
Pediatr Exerc Sci. 2000;12(3):312. https:// doi. org/ 10. 1123/ pes. 12.3. 312.

 46. Haverkamp BF, Wiersma R. Effects of physical activity interventions on 
cognitive outcomes and academic performance in adolescents and 
young adults: A meta-analysis. J Sports Sci. 2020;38(23):2637–60. https:// 
doi. org/ 10. 1080/ 02640 414. 2020. 17947 63.

 47. Choi H, Hyo-Won L, Hyeoijin K. The effect of physical activity levels of 
middle school students on health care capabilities and academic stress. 
Korean Soc Sports Sci. 2021;30(5):1073–81. https:// doi. org/ 10. 35159/ kjss. 
2021. 10. 30.5. 1073.

 48. Vedoy IB, Anderssen SA, Tjomsland HE, Skulberg KR, Thurston M. Physical 
activity, mental health and academic achievement: A cross-sectional 
study of Norwegian adolescents. Mental Health and Physical Activity 
2020, 18. https:// doi. org/ 10. 1016/j. mhpa. 2020. 100322.

 49. Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, et al. Age 
and gender differences in objectively measured physical activity in youth. 
Med Sports Exerc. 2002;34(2):350–5. https:// doi. org/ 10. 1097/ 00005 768- 
20020 2000- 00025.

 50. Guddal MH, Stensland SØ, Småstuen MC, Johnsen MB, Zwart JA, 
Storheim K. Physical activity and sport participation among adoles-
cents: associations with mental health in different age groups. Results 
from the Young-HUNT study: a cross-sectional survey. BMJ Open. 
2019;9(9):e028555. https:// doi. org/ 10. 1136/ bmjop en- 2018- 028555.

 51. Ratey JJ. Spark: The revolutionary new science of exercise and the brain: 
Little, Brown Spark. 2008.

 52. Lin TW, Kuo YM. Exercise benefits brain function: the monoamine con-
nection. Brain sci. 2013;3(1):39–53. https:// doi. org/ 10. 3390/ brain sci30 
10039.

 53. Dishman RK, O’Connor PJ. Lessons in exercise neurobiology: The case 
of endorphins. Ment Health Phys Act. 2009;2(1):4–9. https:// doi. org/ 10. 
1016/j. mhpa. 2009. 01. 002.

 54. Faught EL, Gleddie D, Storey KE, Davison CM, Veugelers PJ. Healthy 
lifestyle behaviours are positively and independently associated with 
academic achievement: An analysis of self-reported data from a nation-
ally representative sample of Canadian early adolescents. Plos One. 
2017;12(7):e0181938. https:// doi. org/ 10. 1371/ journ al. pone. 01819 38.

 55. Felder-Puig R, Griebler R, Samdal O, King MA, Freeman J, Duer W. Does the 
School Performance Variable Used in the International Health Behavior 
in School-Aged Children (HBSC) Study Reflect Students’ School Grades? J 
Sch Health. 2012;82(9):404–9. https:// doi. org/ 10. 1111/j. 1746- 1561. 2012. 
00715.x.

 56. Lofstedt P, Garcia-Moya I, Corell M, Paniagua C, Samdal O, Valimaa R, et al. 
School satisfaction and school pressure in the WHO European Region 
and North America: an analysis of time trends (2002–2018) and patterns 
of co-occurrence in 32 countries. J Adolesc Health. 2020;66(6S):S59–69. 
https:// doi. org/ 10. 1016/j. jadoh ealth. 2020. 03. 007.

 57. Prochaska JJ, Sallis JF, Long B. A physical activity screening measure 
for use with adolescents in primary care. Arch Pediatr Adolesc Med. 
2001;155(5):554–9. https:// doi. org/ 10. 1001/ archp edi. 155.5. 554.

 58. Liu Y, Wang M, Tynjl J, Lv Y, Villberg J, Zhang Z, et al. Test-retest reliability of 
selected items of Health Behaviour in School-aged Children (HBSC) sur-
vey questionnaire in Beijing. China BMC Med Res Methodol. 2010;10(1):1–
9. https:// doi. org/ 10. 1186/ 1471- 2288- 10- 73 10,1(2010–08–10).

 59. Su Y, Zhang Y, Chen ST, Hong JT, Wang H. Is the Health Behavior in 
School-Aged Survey Questionnaire Reliable and Valid in Assessing Physi-
cal Activity and Sedentary Behavior in Young Populations? A Systematic 
Review. Front Public Health. 2022;10:729641. https:// doi. org/ 10. 3389/ 
fpubh. 2022. 729641.

 60. Chen ST, Liu Y, Hong JT, Tang Y, Cao ZB, Zhuang J, et al. Co-existence of 
physical activity and sedentary behavior among children and adoles-
cents in Shanghai, China: do gender and age matter? BMC Public Health. 
2018;18(1):1287. https:// doi. org/ 10. 1186/ s12889- 018- 6167-1.

 61. Aubert S, Barnes JD, Abdeta C, Abi Nader P, Adeniyi AF, Aguilar-Farias N, 
et al. Global matrix 3.0 physical activity report card grades for children 
and youth: results and analysis from 49 countries. J Phys Act Health. 
2018;15(S2):S251-s273. https:// doi. org/ 10. 1123/ jpah. 2018- 0472.

 62. Global recommendations on physical activity for health. [http:// www. 
who. int/ ncds/ preve ntion/ physi cal- activ ity/ facts heet_ young_ people/ en/]

 63. Hong J, Chen S, Tang Y, Cao Z-B, Zhuang J, Zhu Z, et al. Associations 
between Various Kinds of Parental Support and Physical Activity among 

https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1515/ijsl.2000.143.183
https://doi.org/10.1515/ijsl.2000.143.183
https://doi.org/10.1016/s2215-0366(18)30227-x
https://doi.org/10.1016/s2215-0366(18)30227-x
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1007/s11145-013-9470-3
https://doi.org/10.1016/j.jecp.2009.11.003
https://doi.org/10.1186/1471-2458-12-258
https://doi.org/10.1186/1471-2458-12-258
https://doi.org/10.1007/s00038-009-5410-z
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1111/apa.12757
https://doi.org/10.1136/bjsports-2016-097361
https://doi.org/10.1016/j.jsams.2014.07.007
https://doi.org/10.1001/archpediatrics.2011.716
https://doi.org/10.1001/archpediatrics.2011.716
https://doi.org/10.1136/bjsports-2017-098136
https://doi.org/10.1123/jpah.2017-0135
https://doi.org/10.1080/02640414.2015.1004640
https://doi.org/10.1249/mss.0000000000000362
https://doi.org/10.1249/mss.0000000000000362
https://doi.org/10.1123/pes.12.3.312
https://doi.org/10.1080/02640414.2020.1794763
https://doi.org/10.1080/02640414.2020.1794763
https://doi.org/10.35159/kjss.2021.10.30.5.1073
https://doi.org/10.35159/kjss.2021.10.30.5.1073
https://doi.org/10.1016/j.mhpa.2020.100322
https://doi.org/10.1097/00005768-200202000-00025
https://doi.org/10.1097/00005768-200202000-00025
https://doi.org/10.1136/bmjopen-2018-028555
https://doi.org/10.3390/brainsci3010039
https://doi.org/10.3390/brainsci3010039
https://doi.org/10.1016/j.mhpa.2009.01.002
https://doi.org/10.1016/j.mhpa.2009.01.002
https://doi.org/10.1371/journal.pone.0181938
https://doi.org/10.1111/j.1746-1561.2012.00715.x
https://doi.org/10.1111/j.1746-1561.2012.00715.x
https://doi.org/10.1016/j.jadohealth.2020.03.007
https://doi.org/10.1001/archpedi.155.5.554
https://doi.org/10.1186/1471-2288-10-73
https://doi.org/10.3389/fpubh.2022.729641
https://doi.org/10.3389/fpubh.2022.729641
https://doi.org/10.1186/s12889-018-6167-1
https://doi.org/10.1123/jpah.2018-0472
http://www.who.int/ncds/prevention/physical-activity/factsheet_young_people/en/
http://www.who.int/ncds/prevention/physical-activity/factsheet_young_people/en/


Page 11 of 11Zhang et al. BMC Public Health         (2022) 22:1496  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Children and Adolescents in Shanghai, China: Gender and Age Differ-
ences. BMC Public Health. 2020;20(1):1161. https:// doi. org/ 10. 1186/ 
s12889- 020- 09254-8.

 64. Liu Y, Wang M, Villberg J, Torsheim T, Tynjälä J, Lv Y, et al. Reliability and 
validity of family affluence scale (FAS II) among Adolescents in Beijing. 
China Child Indicators Res. 2012;5(2):235–51. https:// doi. org/ 10. 1007/ 
s12187- 011- 9131-5.

 65. Trudeau F, Shephard RJ. Physical education, school physical activity, 
school sports and academic performance. Int J Behav Nutr Phys Act. 
2008;5:10. https:// doi. org/ 10. 1186/ 1479- 5868-5- 10.

 66. Rasberry CN, Lee SM, Robin L, Laris BA, Russell LA, Coyle KK, et al. The 
association between school-based physical activity, including physical 
education, and academic performance: A systematic review of the litera-
ture. Prev Med. 2011;52:S10–20. https:// doi. org/ 10. 1016/j. ypmed. 2011. 01. 
027.

 67. Chaddock-Heyman L, Erickson KI, Voss MW, Knecht AM, Pontifex MB, Cas-
telli DM, et al. The effects of physical activity on functional MRI activation 
associated with cognitive control in children: a randomized controlled 
intervention. Front Hum Neurosci. 2013;7:72. https:// doi. org/ 10. 3389/ 
fnhum. 2013. 00072.

 68. Demirakca T, Brusniak W, Tunc-Skarka N, Wolf I, Meier S, Matth?Us F et al. 
Does body shaping influence brain shape? Habitual physical activity is 
linked to brain morphology independent of age. World J Biol Psychiatry 
2014;15(5):387–96. https:// doi. org/ 10. 3109/ 15622 975. 2013. 803600.

 69. Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your heart: exercise 
effects on brain and cognition. Nat Rev Neurosci. 2008;9(1):58–65. https:// 
doi. org/ 10. 1038/ nrn22 98.

 70. Coe D, Pivarnik J, Womack C, Reeves M, Malina R. Effect of physical 
education and activity levels on academic achievement in children. Med 
Sci Sports Exerc. 2006;38:1515–9. https:// doi. org/ 10. 1249/ 01. mss. 00002 
27537. 13175. 1b.

 71. Castelli DM, Hillman CH, Hirsch J, Hirsch A, Drollette E. FIT Kids: Time in 
target heart zone and cognitive performance. Prev Med. 2011;52 Suppl 
1:S55-59. https:// doi. org/ 10. 1016/j. ypmed. 2011. 01. 019.

 72. Chaddock L, Hillman C, Buck S, Cohen N. Aerobic fitness and executive 
control of relational memory in preadolescent children. Med Sci Sports 
Exerc. 2011;43:344–9. https:// doi. org/ 10. 1249/ MSS. 0b013 e3181 e9af48.

 73. Davis CL, Cooper S. Fitness, fatness, cognition, behavior, and academic 
achievement among overweight children: Do cross-sectional associa-
tions correspond to exercise trial outcomes? Prev Med. 2011;52:S65–9. 
https:// doi. org/ 10. 1016/j. ypmed. 2011. 01. 020.

 74. Broh B. Linking extracurricular programming to academic achievement: 
who benefits and Why? Soc Educ 2002, 75:69. https:// doi. org/ 10. 2307/ 
30902 54.

 75. Coatsworth JD, Conroy DE. Youth sport as a component of organ-
ized afterschool programs. New directions for youth development 
2007(115):57–74, 57–58. https:// doi. org/ 10. 1002/ yd. 223.

 76. Marsh H, Kleitman S. Extracurricular school activities: the good, the bad, 
and the nonlinear. Harvard Educ Rev. 2009;72(4):464–515. https:// doi. org/ 
10. 17763/ haer. 72.4. 05138 8703v 7v7736.

 77. Zhang J, Middlestadt SE, Ji C-Y. Psychosocial factors underlying physical 
activity. Int J Behav Nutr Phys Act. 2007;4:38–38. https:// doi. org/ 10. 1186/ 
1479- 5868-4- 38.

 78. Leung FP, Yung LM, Laher I, Yao X, Chen ZY, Huang Y. Exercise, vascular 
wall and cardiovascular diseases: an update (Part 1). Sports Med (Auck-
land, NZ). 2008;38(12):1009–24. https:// doi. org/ 10. 2165/ 00007 256- 20083 
8120- 00005.

 79. North TC, Mccullagh P, Tran ZV. Effect of exercise on depression. Exerc 
Sport Sci Rev. 1990;18(1):379–415. https:// doi. org/ 10. 1249/ 00003 677- 
19900 1000- 00016.

 80. Landers DM, Petruzzello SJ. Physical activity, fitness, and anxiety. In C. 
Bouchard, R. J. Shephard, & T. Stephens (Eds.). Physical activity, fitness, and 
health: International proceedings and consensus statement. Champaign: 
Human Kinetics Publishers; 1994. p. 868–82.

 81. Korczak DJ, Madigan S, Colasanto M. Children’s physical activity and 
depression: a meta-analysis. Pediatrics. 2017;139(4):e20162266. https:// 
doi. org/ 10. 1542/ peds. 2016- 2266.

 82. Lima AGT, Sales C, Serafim WFL. Burden, depression and anxiety in 
primary caregivers of children and adolescents in renal replacement 
therapy. J Bras Nefrol. 2019;41(3):356–63. https:// doi. org/ 10. 1590/ 
2175- 8239- JBN- 2018- 0039.

 83. Padilla-Carmona MT, García-Gómez S, Suárez-Ortega M. Diferencias de 
género en el autoconcepto general y académico de estudiantes de 4ª de 
ESO. Revista de educación 2010:págs. 495–515.

 84. Seoane FJF, Mato-Vázquez D, Chao-Fernández R. Análisis del rendimiento 
académico por género medido a través del premio extraordinario 
de la ESO. RIPS: Revista de investigaciones políticas y sociológicas. 
2014;13(2):53–76.

 85. Baldursdottir B, Valdimarsdottir HB, Krettek A, Gylfason HF, Sigfusdottir 
ID. Age-related differences in physical activity and depressive symptoms 
among 10–19-year-old adolescents: A population based study. Psychol 
Sport Exerc. 2017;28:91–9. https:// doi. org/ 10. 1016/j. psych sport. 2016. 10. 
007.

 86. McMahon EM, Corcoran P, O’Regan G, Keeley H, Cannon M, Carli V, et al. 
Physical activity in European adolescents and associations with anxiety, 
depression and well-being. Eur Child AdolescPsychiatry. 2017;26(1):111–
22. https:// doi. org/ 10. 1007/ s00787- 016- 0875-9.

 87. Li J. Expectations of Chinese immigrant parents for their children’s educa-
tion: the interplay of Chinese tradition and the Canadian context. Can J 
Educ. 2001;26(4):477–94. https:// doi. org/ 10. 2307/ 16021 78.

 88. Christie D, Viner R. ABC of Adolescence: Adolescent development. . BMJ. 
2005;330:301–4. https:// doi. org/ 10. 1136/ bmj. 330. 7486. 301.

 89. Larson BBBJ. Peer Relationships in Adolescence. In: In: Handbook of 
Adolescent Psychology. edn. 2009.

 90. Lambourne K, Hansen DM, Szabo AN, Lee J, Herrmann SD, Donnelly JE. 
Indirect and direct relations between aerobic fitness, physical activity, 
and academic achievement in elementary school students. Ment Health 
Phys Act. 2013;6(3):165–71. https:// doi. org/ 10. 1016/j. mhpa. 2013. 06. 002.

 91. Pindus DM, Drollette ES, Scudder MR, Khan NA, Raine LB, Sherar LB, et al. 
Moderate-to-vigorous physical activity, indices of cognitive control, and 
academic achievement in preadolescents. J Pediatr. 2016;173:136–42. 
https:// doi. org/ 10. 1016/j. jpeds. 2016. 02. 045.

 92. Chaput JP, Willumsen J, Bull F, Chou R, Ekelund U, Firth J, et al. 2020 WHO 
guidelines on physical activity and sedentary behaviour for children and 
adolescents aged 5–17 years: summary of the evidence. Int J Behav Nutr 
Phys Act. 2020;17(1):141. https:// doi. org/ 10. 1186/ s12966- 020- 01037-z.

 93. Sun J, Dunne MP, Hou XY, Xu AQ. Educational stress among Chinese 
adolescents: individual, family, school and peer influences. Educ Rev. 
2013;65(3):284–302. https:// doi. org/ 10. 1080/ 00131 911. 2012. 659657.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12889-020-09254-8
https://doi.org/10.1186/s12889-020-09254-8
https://doi.org/10.1007/s12187-011-9131-5
https://doi.org/10.1007/s12187-011-9131-5
https://doi.org/10.1186/1479-5868-5-10
https://doi.org/10.1016/j.ypmed.2011.01.027
https://doi.org/10.1016/j.ypmed.2011.01.027
https://doi.org/10.3389/fnhum.2013.00072
https://doi.org/10.3389/fnhum.2013.00072
https://doi.org/10.3109/15622975.2013.803600
https://doi.org/10.1038/nrn2298
https://doi.org/10.1038/nrn2298
https://doi.org/10.1249/01.mss.0000227537.13175.1b
https://doi.org/10.1249/01.mss.0000227537.13175.1b
https://doi.org/10.1016/j.ypmed.2011.01.019
https://doi.org/10.1249/MSS.0b013e3181e9af48
https://doi.org/10.1016/j.ypmed.2011.01.020
https://doi.org/10.2307/3090254
https://doi.org/10.2307/3090254
https://doi.org/10.1002/yd.223
https://doi.org/10.17763/haer.72.4.051388703v7v7736
https://doi.org/10.17763/haer.72.4.051388703v7v7736
https://doi.org/10.1186/1479-5868-4-38
https://doi.org/10.1186/1479-5868-4-38
https://doi.org/10.2165/00007256-200838120-00005
https://doi.org/10.2165/00007256-200838120-00005
https://doi.org/10.1249/00003677-199001000-00016
https://doi.org/10.1249/00003677-199001000-00016
https://doi.org/10.1542/peds.2016-2266
https://doi.org/10.1542/peds.2016-2266
https://doi.org/10.1590/2175-8239-JBN-2018-0039
https://doi.org/10.1590/2175-8239-JBN-2018-0039
https://doi.org/10.1016/j.psychsport.2016.10.007
https://doi.org/10.1016/j.psychsport.2016.10.007
https://doi.org/10.1007/s00787-016-0875-9
https://doi.org/10.2307/1602178
https://doi.org/10.1136/bmj.330.7486.301
https://doi.org/10.1016/j.mhpa.2013.06.002
https://doi.org/10.1016/j.jpeds.2016.02.045
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1080/00131911.2012.659657

