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IMPORTANCE The beneficial effects of increasing outdoor physical activity time on children’s
myopia onset and physical well-being are widely acknowledged. However, in countries with
competitive educational systems, such as China, parents and school administrators may be
relatively reluctant to increase the extracurricular physical activity time for children due to
concerns that this action will compromise children’s academic performance.

OBJECTIVE To investigate whether additional extracurricular physical activity time after
school compromises the academic performance of schoolchildren.

DESIGN, SETTING, AND PARTICIPANTS This cluster randomized clinical trial was conducted
from October 2020 to June 2021 in Yudu, Jiangxi, China. Eligible children in grades 3 and 4
from 24 elementary schools were randomized to the intervention or control group.
Primary analysis was conducted in the full sample using the intention-to-treat principle.

INTERVENTIONS The intervention group received 2 hours of after-school physical activity time
outdoors on school days. The control group was free to arrange their after-school activity.

MAIN OUTCOMES AND MEASURES The primary outcome was the between-group mean
difference in mathematics test scores at the end of 1 academic year, with a noninferiority
margin of −3.3 points. Standardized mathematics tests, physical fitness assessments
(in reference to the 2018 National Physical Fitness Survey Monitoring Programme in China),
and cycloplegic autorefraction were performed at baseline and the end of 1 academic year.
Myopia was defined as a cycloplegic spherical equivalent refraction of −0.5 diopters or less
in either eye.

RESULTS A total of 2032 children (mean [SD] age, 9.22 [0.62] years; 1040 girls [51.2%]) from
24 schools were randomized to the intervention group (12 schools; 1012 children) or control
group (12 schools; 1020 children). The mean (SD) mathematics score at the end of 1 academic
year was 78.01 (17.56) points in the intervention group and 77.70 (17.29) points in the control
group. The adjusted between-group mean difference was 0.65 points (95% CI, −2.85 to 4.15).
The adjusted between-group mean difference in physical fitness score was 4.95 points
(95% CI, 3.56-6.34; P < .001) and −1.90% (95% CI, −18.72% to 14.91%; P > .99) in myopia
incidence.

CONCLUSIONS AND RELEVANCE Results of this trial indicate that, compared with the control
practice of free play after school, adding 2 hours of extracurricular physical activity outdoors
after school was noninferior in academic performance and had superior efficacy in improving
physical fitness.
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T he beneficial effect of increased time outdoors on myo-
pia control is widely acknowledged, and related school-
based interventions have been implemented at a sys-

temwide scale in many countries with varying levels of
success.1,2 Additional benefits of more time outdoors include
better physical, social, and emotional well-being.3 Given the
global decline in physical fitness among children coupled with
an increasing prevalence of childhood obesity,4,5 promoting
more outdoor physical activities seems only advantageous.

However, in real-world scenarios, children are spending
more time indoors in front of screens.6,7 Efforts to promote
more physical activity outdoors are thwarted to some degree
by parents and school administrators, especially in countries
with highly competitive educational systems, such as China.
Their major concern is that increased outdoor physical activ-
ity time will reduce studying time and hence compromise
academic performance.8,9 To date, high-quality evidence
regarding the effect of increasing outdoor physical activity at
school on children’s academic performance remains
inconclusive,10,11 and none of these studies originated from
China.

To investigate whether additional extracurricular physi-
cal activity time after school compromises the academic per-
formance of schoolchildren, we conducted this noninferior-
ity cluster randomized clinical trial (RCT), with academic
performance as the primary outcome. We hypothesized that,
compared with the current practice in China of free play after
school, adding extracurricular physical activity after school
would not compromise children’s academic performance.

Methods
Study Design, Setting, and Participants
This unblinded, noninferiority, cluster RCT was conducted
in Yudu County, Jiangxi Province, China. Baseline examina-
tions were completed in October 2020, and a follow-up visit
at the end of 1 academic year was completed in June 2021.
All examinations were performed by the same study exam-
iners using the same protocol and equipment. All study
examiners (including D.W., R.X., J.Z., X.H., and S.C.) were
qualified optometrists, ophthalmologists, or teachers. The
trial protocol is provided in Supplement 1. The Ethics Com-
mittee of Zhongshan Ophthalmic Center at Sun Yat-sen
University approved this study. This trial was conducted in
accordance with the tenets of the Declaration of Helsinki.12

Written informed consent was obtained from children and
their parents or guardians before participation. We followed
the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

A total of 24 elementary schools (12 rural and 12 urban) with
a mean class size of more than 30 children and sufficient con-
ditions for 2 or more classes to play sports at the same time
were invited and agreed to participate. One class each in grades
3 and 4 was randomly selected. Children were between ages 7
and 11 years. Children were excluded if they were unable to
participate on 2 or more school days or were unsuitable for
physical activity due to health or physical restrictions.

Randomization, Blinding, and Intervention
School-based cluster randomization was conducted by an in-
dependent data analyst (L.J.) using a random number-
generating program. All 24 schools were stratified into 6 strata
based on location (rural or urban) and mathematics scores
(high, medium, or low). Schools in each stratum were random-
ized to the intervention or control group (Figure). Due to the na-
ture of this intervention, blinding was unfeasible. However, all
study examiners (including D.W., R.X., J.Z., X.H., and S.C.) and
the statistician (L.J.) were blinded to study group assignment.

Curriculums were scheduled in 2 separate semesters with
approximately a 1-month break in between, during which the
study intervention was suspended. Children in the control
group were free to arrange their after-school time after 4 PM.
Children in the intervention group received an additional
2-hour (4-6 PM) extracurricular physical activity program af-
ter school on school days, guided and monitored by their head
teachers and physical education teachers. Before study com-
mencement, the Education Bureau of Yudu helped consolidate
the school sports facilities, and a professional team organized
by Zhongshan Ophthalmic Center and the local education
bureau delivered a 1-day intensive training session for teach-
ers, detailing the specific requirements and providing guid-
ance. Recommended physical activity programs included but
were not limited to basketball, soccer, badminton, and table
tennis. In cases of bad weather when outdoor physical activ-
ity was unfeasible, physical activity occurred in semiopen
areas or indoors instead. The teachers could decide on the spe-
cific types of physical activity programs as appropriate and were
asked to fill out diary forms to record the daily implementa-
tion status.

Outcomes
All outcomes were measured at baseline and the end of 1 aca-
demic year. The primary outcome was the between-group
mean difference in mathematics test scores after 1 academic
year. Mathematics tests were administered at school on the
same day. Unified test papers were designed with profes-
sional assistance from the Education Bureau of Yudu in ac-
cordance with the design principles of the International Math-
ematics and Science Study13 and the local unified examination

Key Points
Question Will implementing a 2-hour extracurricular physical
activity program after school compared with free use of
after-school time compromise academic performance among
schoolchildren in China?

Findings In this cluster randomized clinical trial of 24 elementary
schools with 2032 participating children, adding 2 hours of
extracurricular physical activity outdoors after school
(intervention) did not result in significant differences in
mathematics scores after 1 academic year compared with free use
of after-school time (control) among children in grades 3 and 4.

Meaning Findings of this trial indicated that adding extracurricular
physical activity outdoors was noninferior to free play after school
and did not compromise children’s academic performance.
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papers. The tests were scored by trained teachers according
to unified answers and scoring procedures. The original scores
ranged from 0 to 100 points and were further divided into 5
levels: A+ (≥95 to ≤100 points), A (≥85 to <95 points), B (≥75
to <85 points), C (≥60 to <75 points), and D (<60 points). We
double-checked the mathematics scores and levels.

Secondary outcomes were overall physical fitness score
and myopia incidence after 1 academic year. Physical fitness
scores were assessed at school by trained examiners from
Zhongshan Ophthalmic Center, with reference to the 2018 Na-
tional Physical Fitness Survey Monitoring Programme in China.
Height and weight were measured using a height and weight
scale and with children standing in light clothing and with-
out shoes. Body mass index was calculated as weight in
kilograms divided by height in meters squared. Lung vital ca-
pacity was measured by a spirometer. Fifty-meter sprint, sit-
and-reach test, 1-minute sit-up, and 1-minute jump rope were
conducted. The overall physical fitness score was calculated
as the sum of weighted individual scores, with age- and sex-
stratified weights of body mass index at 15%, lung vital capac-
ity at 15%, 50-m sprint at 20%, sit-and-reach test at 20%, 1-min-
ute sit-up at 10%, and 1-minute jump rope at 20%. These
weights were derived from the Chinese National Student Physi-
cal Fitness Standard, a norm testing battery in China.14,15

Physical fitness scores ranged from 0 to 100 points, with higher
scores indicating better fitness.

Ocular examinations were performed at school by oph-
thalmologists and optometrists from Zhongshan Ophthalmic
Center. Axial length was measured using an optical biometer
(IOLMaster; Carl Zeiss Meditec), and measurements were re-
peated 5 times for each eye. Cycloplegia was achieved with 3
drops of 1% cyclopentolate administered at 0, 5, and 20 min-

utes. Cycloplegia was considered to be complete if the pupil-
lary light reflex was absent and the pupil was dilated to at least
6 mm. Cycloplegic autorefraction (KR 8800; Topcon) was per-
formed and repeated 3 times for each eye. Spherical equiva-
lent refraction (SER) was calculated as the spherical power plus
half cylindrical power. Myopia was defined as a cycloplegic SER
of −0.5 D (diopter) or less in either eye.16 Incidence of myopia
was defined as the proportion of children with myopia after 1
academic year among those without myopia at baseline.

Questionnaire
A behavior-related questionnaire derived from a previous RCT1

was completed by children under the supervision of their par-
ents or guardians at baseline and the end of 1 academic year.
Information on wake-up time and bedtime at night, nap time,
outdoor time, study or reading time, and screen time was col-
lected. Study or reading time was defined as the sum of after-
school time spent on additional lessons, homework, and read-
ing. Screen time was considered as the sum of time spent
watching television or using computers, game consoles, and
cellular or smartphones. The 5-item World Health Organiza-
tion Well-Being Index was used to assess the psychological
well-being of children,17 with an overall score range from 0 (no
well-being) to 25 (maximum well-being).

Sample Size
The sample size was calculated based on the primary out-
come and a noninferiority margin of −3.3 points. Based on the
historical data obtained from the schools before the trial, the
median academic score distribution was level B (≥75 to <85
points). Therefore, a decrease of 10 points was expected to
change the final mathematics performance from level B to C.

Figure. Recruitment and Flow of Participants

24 Elementary schools invited

1012 Children included

1012 Included in intention-to-treat analysis 1020 Included in intention-to-treat analysis

1020 Children included

952 Completed follow-up 951 Completed follow-up

12 Randomized to intervention group
(n = 1052 children)

24 Randomized

69 Lost to follow-up
13 School transfer
56 Leave of absence

23 Children excluded
21 Unable to participate on

≥2 school days
1 Unfit to participate in physical

activity
1 Refused to provide informed

consent

60 Lost to follow-up
4 School transfer

56 Leave of absence

40 Children excluded
31 Unable to participate on

≥2 school days
2 Unfit to participate in physical

activity
7 Refused to provide informed

consent

12 Randomized to control group
(n = 1043 children)
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The noninferiority margin (the level at which the interven-
tion was noninferior to the control) was chosen as one-third
of the range of 10 points. The sample size estimation was con-
ducted based on the assumption of a 1-sided α = .025, 90%
power, an intraclass correlation of 0.10, an SD of 7 for math-
ematics scores, a mean cluster size of 60 children (2 classes per
cluster with a class size of 30), and less than 5% of children
being lost to follow-up. The sample size required was 12 schools
per group or a total sample size of 24 schools. The PASS soft-
ware, version 16.0 (NCSS) was used for the calculation.

Statistical Analyses
The main analysis was conducted in the full sample using the
intention-to-treat principle except for the myopia incidence
analysis, from which children with cycloplegia failure and ocu-
lar abnormalities were excluded. Missing values were im-
puted by multiple imputation.18 This approach created 20 cop-
ies of the data, in which missing values were imputed by
chained equations. Results were obtained by averaging these
20 data sets using Rubin rules.

Continuous and categorical data were reported as means
(SDs) and numbers (proportions), respectively. The normal-
ity in the distribution of continuous data was checked using
the Kolmogorov-Smirnov normality test and histogram. All
analyses took into account the cluster effects within schools.
Baseline distributions of continuous (age, height, weight, and
sleep time), binary (sex), and ordered categorical (outdoor time,
screen time, and study or reading time) variables between the
intervention and control groups were compared using linear,
logistic, and ordinal logistic regression models, respectively.
The statistical inference was determined on whether the lower
limit of the 95% CI of the between-group mean difference in
the primary outcome was no less than the predefined nonin-
feriority margin. Linear regression models assessed the dif-
ferences between the 2 study groups in mathematics scores,
physical fitness scores, SER, and axial length at baseline and
the end of 1 academic year and the changes in these variables
after 1 academic year. Differences in the prevalence and inci-
dence of myopia were compared by proportional Z tests.

Sensitivity analyses were performed using the per-
protocol principle, which included only children who com-
pleted the intervention as originally assigned without any
major protocol violation and children who completed the fol-
low-up visit. Bonferroni correction was applied to multiple
comparisons for secondary outcomes (physical fitness score
and myopia incidence), and corrected P values were pre-
sented. Two-sided P < .05 indicated statistical significance. All
analyses were performed using Stata 16 (StataCorp LLC).

Results
A total of 24 elementary schools with 2095 children were
screened for eligibility. After excluding 63 children who were
unable to participate on 2 or more school days, were unsuit-
able for physical activity, or refused to provide informed con-
sent, 2032 children (1040 girls [51.2%] and 992 boys (48.8%)
with a mean (SD) age of 9.22 [0.62] years) were included and
randomized to the intervention group (12 schools with 1012
children) or the control group (12 schools with 1020 chil-
dren). Of these children, 1903 (93.7%) completed the
follow-up visit and 129 (6.3%) were lost to follow-up due to
school transfer or leave of absence (Figure). Table 1 illustrates
the baseline characteristics of children in the intervention
and control groups, which were well balanced.

Overall, 4548 (96.3%) of the 4724 scheduled extracurricu-
lar physical activity sessions were successfully imple-
mented. Some sessions could not be implemented due to in-
clement weather (144 [3.0%]) or school events (32 [0.7%]).
A total of 3626 sessions (79.7%) were implemented outdoors,
whereas 518 sessions (11.4%) were implemented in semiopen
spaces and 404 (8.9%) occurred indoors (eTables 1 and 2 in
Supplement 2).

At baseline, mathematics scores (mean difference, −0.59;
95% CI, −5.13 to 3.95), overall physical fitness scores (mean dif-
ference, 0.73; 95% CI, −0.86 to 2.33), and myopia prevalence
(mean difference, −0.57; 95% CI, −19.64 to 18.49) were simi-
lar in the 2 groups (Table 2 and Table 3). The mean (SD) math-

Table 1. Baseline Characteristics of Children in the Intervention
and Control Groupsa

Characteristic

Children, No. (%)

Intervention group Control group
All children 1012 (49.8) 1020 (50.2)

Demographics

Age, mean (SD), y 9.21 (0.62) 9.23 (0.62)

Sex

Female 501 (49.5) 539 (52.8)

Male 511 (50.5) 481 (47.2)

Height, mean (SD), cm 131.45 (6.74) 130.56 (7.03)

Weight, mean (SD), kg 28.13 (5.92) 28.49 (5.98)

Behaviors after schoolb

Outdoor time, h/d

≤0.5 472 (46.7) 448 (44.0)

>0.5 to ≤1.0 348 (34.4) 329 (32.3)

>1.0 to ≤1.5 140 (13.9) 136 (13.4)

>1.5 51 (5.0) 106 (10.4)

Screen time, h/d

≤0.5 755 (74.7) 753 (73.9)

>0.5 to ≤1.0 175 (17.3) 166 (16.3)

>1.0 to ≤1.5 49 (4.9) 54 (5.3)

>1.5 32 (3.2) 46 (4.5)

Study or reading time, h/d

≤1.0 703 (70.0) 773 (77.0)

>1.0 to ≤1.5 117 (11.6) 127 (12.6)

>1.5 to ≤2.0 112 (11.1) 58 (5.8)

>2.0 73 (7.3) 46 (4.6)

Sleep time, mean (SD), h/d 9.45 (0.94) 9.41 (0.97)

a Distributions of continuous (age, height, weight, and sleep time), binary (sex),
and ordered categorical (outdoor time, screen time, and study or reading
time) variables between the intervention and control groups were compared
using linear, logistic, and ordinal logistic regression models, respectively. All
analyses took cluster effects within schools into account.

b Missing values were outdoor time and screen time (n = 2), study or reading
time (n = 23), and sleep time (n = 18).
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ematics score at the end of 1 academic year was 78.01 (17.56)
points in the intervention group and 77.70 (17.29) points in the
control group, with an adjusted between-group mean differ-
ence of 0.65 points (95% CI, −2.85 to 4.15) (Table 2). The lower
limit of the 95% CI of the mean difference was greater than the
margin of −3.3 points, indicating noninferiority.

The mean (SD) overall physical fitness score at the end of
1 academic year was 81.49 (6.26) points in the intervention
group and 76.24 (7.29) points in the control group, with an ad-
justed mean difference of 4.95 points (95% CI, 3.56-6.34;
P < .001) (Table 2). The physical fitness score improvement
during the follow-up was 4.67 points (95% CI, 3.17-6.18) higher
in the intervention group than in the control group.

After 1 academic year, children in the intervention group
(58 of 702 [8.3%]) had less incident myopia than those in the
control group (74 of 728 [10.2%). However, the adjusted mean

difference did not reach statistical significance (−1.90%;
95% CI, −18.72% to 14.91%; P > .99) (Table 3).

During the follow-up, the proportion of children with
screen time greater than 30 minutes per day increased by 1.7%
(from 25.3% at baseline to 27.0% after 1 academic year) in the
intervention group and 5.4% (from 26.1% at baseline to 31.5%
after 1 academic year) in the control group. Time spent on
studying or reading was not significantly different between the
2 groups (mean [SD], 55.65 [40.33] vs 49.17 [30.46] min/d). Spe-
cifically, there was no significant difference in mathematics
scores between children who spent more than 2 hours study-
ing or reading after school and children who spent less than 1
hour (β = −1.58; 95% CI, −4.46 to 1.31). The overall well-being
index of children was similar at baseline and after 1 academic
year in both the intervention group (mean [SD], 16.9 [5.11] vs
16.8 [4.44] points) and control group (mean [SD], 16.2 [5.87]

Table 2. Intention-to-Treat Analysis of Changes in Mathematics Test and Physical Fitness Scores
After 1 Academic Year Between the Intervention and Control Groups

Variablea

Study group, mean (SD)

Mean difference (95% CI) P valuebIntervention Control
All children 1012 (49.8) 1020 (50.2)

Mathematics scores

Baseline 73.81 (17.92) 74.40 (16.97) −0.59 (−5.13 to 3.95)

1 Academic year 78.01 (17.56) 77.70 (17.29) 0.65 (−2.85 to 4.15) .71

Change from baseline 4.16 (17.01) 3.36 (14.48) 0.67 (−3.07 to 4.41)

Physical fitness scores

Overall

Baseline 69.48 (8.97) 68.75 (9.02) 0.73 (−0.86 to 2.33)

1 Academic year 81.49 (6.26) 76.24 (7.29) 4.95 (3.56 to 6.34) <.001c

Change from baseline 11.95 (7.32) 7.59 (7.73) 4.67 (3.17 to 6.18)

BMI

Baseline 95.61 (9.39) 94.61 (10.75) 1.00 (−0.53 to 2.54) NA

1 Academic year 95.35 (9.98) 95.38 (10.37) −0.72 (−1.57 to 0.12)

Change from baseline −0.28 (7.89) 0.78 (8.19) −0.75 (−1.60 to 0.10)

Lung vital capacity

Baseline 75.52 (11.34) 77.28 (10.75) −1.76 (−5.17 to 1.65) NA

1 Academic year 82.21 (8.86) 77.28 (12.16) 5.69 (3.93 to 7.44)

Change from baseline 6.70 (10.70) 0.11 (12.24) 5.61 (3.75 to 7.47)

50-m sprint

Baseline 63.13 (18.24) 64.08 (16.87) −0.94 (−5.47 to 3.58) NA

1 Academic year 77.24 (14.17) 72.20 (15.59) 5.37 (2.17 to 8.57)

Change from baseline 14.20 (17.89) 7.98 (17.93) 5.30 (1.70 to 8.91)

Sit-and-reach test

Baseline 71.61 (15.14) 71.10 (14.84) 0.51 (−1.91 to 2.92) NA

1 Academic year 85.09 (9.81) 76.11 (10.53) 8.83 (6.07 to 11.59)

Change from baseline 13.39 (14.71) 12.84 (5.10) 8.77 (5.82 to 11.72)

1-min Jump rope

Baseline 53.83 (25.42) 48.84 (26.58) 5.00 (−1.12 to 11.12) NA

1 Academic year 75.90 (13.83) 68.93 (17.74) 5.81 (2.08 to 9.55)

Change from baseline 21.81 (24.07) 20.14 (25.46) 5.69 (1.73 to 9.66)

1-min sit-ups

Baseline 60.99 (20.56) 61.62 (19.78) −0.64 (−5.13 to 3.86) NA

1 Academic year 72.14 (16.07) 68.83 (14.73) 3.56 (0.69 to 6.42)

Change from baseline 11.02 (18.36) 7.20 (16.96) 3.56 (0.50 to 6.62)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
NA, not applicable.
a Primary outcome was the

between-group mean difference in
mathematics test scores after 1
academic year. Secondary outcomes
were overall physical fitness scores
and myopia incidence after 1
academic year. The remaining
outcomes in this table were
exploratory outcomes.

b Normality in the distribution of
continuous data was checked using
the Kolmogorov-Smirnov normality
test. Linear regression models
assessed the differences between
the 2 groups in the mathematics
test scores and physical fitness
scores at baseline and at the end of 1
academic year, as well as changes in
these variables after 1 academic
year. All analyses took into account
the cluster effects within schools.

c Bonferroni correction was applied
to multiple comparisons for
secondary outcomes (physical
fitness score and myopia incidence),
and the corrected P value was
presented.
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vs 16.9 [6.00] points). Sensitivity analyses based on the per-
protocol principle had results similar to those of the primary
analyses (eTable 3 in Supplement 2).

Discussion
In this cluster RCT, children who received an additional 2-hour
extracurricular physical activity after school showed nonin-
ferior academic performance compared with those who were
free to arrange their after-school time over 1 academic year.
Children who received extracurricular physical activity had sig-
nificantly higher physical fitness scores than the control group.

Existing RCTs regarding the effect of increasing physical
activity on academic performance are limited and have sub-
stantial heterogeneity in sample size, participant characteris-
tics, and study duration. A meta-analysis reported that physi-
cal activity could improve mathematics scores by 1.12 points
(95% CI, 0.56-1.67) compared with controls, but 3 of the 4 in-
cluded RCTs had a follow-up time shorter than 2 months.19

There is inconsistent evidence from other studies with lon-
ger follow-ups regarding the effect of adding physical activity
time on academic performance, with 2 trials20,21 reporting no
significant effect and 3 trials22-24 finding a beneficial effect on
children’s mathematics performance in elementary schools.

The findings from this trial showed that participation in
after-school extracurricular physical activity for 1 academic
year did not compromise academic performance. Success in
academic performance was reported to be associated with
well-being and the cognitive functions that contribute to the
processes of memory, perception, intellect, and action.11,25-27

Many psychosocial (eg, enhanced social connectedness and
support for positive moods), neurobiological (eg, improved
gray matter volume and activation and release of endoge-
nous opioids), and behavioral (eg, improved sleep quality,
self-regulation, and coping skills) mechanisms may play
roles in enhancing cognitive and mental health following
physical activity,28 a finding that warrants further investiga-
tion.

Consistent with previous research, 2-hour extracurricu-
lar physical activity after school was noted to be beneficial
for physical fitness in this study. Data from the 2014
National Survey on Students’ Constitution and Health sug-
gested that children who engaged in more than 1 hour of
physical activity per day had a 0.41-fold higher passing rate
on the composite physical fitness test than those with less
than 1 hour of physical activity.29 A systematic review of 89
studies also indicated that school-based physical activity
interventions were associated with improved physical fit-
ness, which was reported as maximal oxygen uptake in chil-
dren and adolescents.30

The effect of time outdoors on myopia prevention has been
well-established in existing studies.1,31,32 However, outdoor
physical activity did not significantly reduce incident myo-
pia in this trial, which may be primarily attributed to the rela-
tively short follow-up. This trial was initially designed to as-
sess myopia incidence at the end of 2 academic years. However,
the local government in Yudu learned of the beneficial im-
pact of extracurricular physical activity after the project semi-
nar and promptly issued a government policy guideline rec-
ommending the implementation of 2-hour extracurricular
physical activity throughout the county. Due to this unfore-

Table 3. Intention-to-Treat Analysis of Changes in Incident Myopia and Relevant Ocular Parameters After 1 Academic Year
Between the Intervention and Control Groupsa

Variableb

Study group, No. (%)

Mean difference (95% CI) P valuecIntervention Control
All children 798 (48.9) 833 (51.1) NA

Prevalence of myopia

Baseline 96 (12.0) 105 (12.6) −0.57 (−19.64 to 18.49) NA

1 Academic year 154 (19.3) 179 (21.5) −2.19 (−35.50 to 30.93) NA

Incidence of myopia 58/702 (8.3) 74/728 (10.2) −1.90 (−18.72 to 14.91) >.99d

SER, mean (SD), diopter

Baseline 0.63 (1.05) 0.55 (1.13) 0.08 (−0.06 to 0.22) NA

1 Academic year 0.35 (1.22) 0.23 (1.30) 0.04 (−0.06 to 0.13) NA

Change from baseline −0.28 (0.37) −0.32 (0.47) 0.03 (−0.06 to 0.13) NA

Axial length, mean (SD), mm

Baseline 23.10 (0.77) 23.11 (0.75) −0.001 (−0.10 to 0.09) NA

1 Academic year 23.28 (0.82) 23.31 (0.80) −0.03 (−0.06 to 0.01) NA

Change from baseline 0.17 (0.14) 0.20 (0.14) −0.03 (−0.07 to 0.01) NA

Abbreviations: NA, not applicable; SER, spherical equivalent refraction.
a Children with ocular abnormalities at baseline (n = 37) and follow-up visit

(n = 42) were excluded from the analysis. Corresponding figures for
unsuccessful cycloplegia were 197 and 125, respectively.

b Myopia incidence after 1 academic year was a secondary outcome.
The remaining outcomes in this table were exploratory outcomes.

c The differences in the prevalence and incidence of myopia were compared by
proportional Z tests. Linear regression models assessed the differences

between the 2 study groups in the SER and axial length at baseline and at the
end of 1 academic year, as well as changes of these variables after 1 academic
year (adjusting for the baseline SER or axial length). All analyses took into
account the cluster effects within schools.

d Bonferroni correction was applied to multiple comparisons for secondary
outcomes (physical fitness score and myopia incidence), and the corrected
P value was presented.
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seen development, it became impractical to maintain a con-
trol group as originally planned. This trial had to be termi-
nated before the initially scheduled completion.

A common parental concern is that more physical activ-
ity time leads to reduced studying time. Results of this trial
largely alleviate this concern by providing evidence that
time spent on after-school studying or reading was not sig-
nificantly different between the intervention and control
groups. In addition, mathematics scores did not differ sig-
nificantly between children with more than 2 hours vs chil-
dren with less than 1 hour of studying or reading after
school. The proportion of children with screen time of more
than 30 minutes per day increased more in the control group
than the intervention group, suggesting that more after-
school outdoor physical activity may provide extra benefits
in reducing screen time.

Strengths and Limitations
To our knowledge, this study is the first RCT to assess the ef-
fect of a 2-hour extracurricular physical activity program on
academic performance in Chinese children over 1 academic
year. Other strengths of the trial included a large sample size,
high retention rate, and refraction tests after full cycloplegia
to evaluate myopia status.

This trial also has several limitations. First, it was difficult
to unify the type and intensity of physical activity and equip all
participating children with wearable devices for objective, real-
time testing due to the unevenness of school facilities and the
large sample size. Second, only mathematics test scores were
used to evaluate the academic performance; further studies of
the effect of physical activity on performance in other aca-
demic disciplines are needed. Third, only a questionnaire-
based well-being index of children was assessed; more com-
prehensive mental health assessments after physical activity
program intervention are needed in the future. Fourth, as this
study focused on children in grades 3 and 4 in a single country,
the generalizability of the findings to children in other coun-
tries with other ethnicities and age groups is limited, and cau-
tion should be taken when generalizing the results.

Conclusions
The findings of this RCT suggested that adding 2 hours of ex-
tracurricular physical activity per day after school was non-
inferior to the current practice of free play after school in China
regarding academic performance. This intervention had a
beneficial effect on physical fitness of schoolchildren.
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