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Association between time spent outdoors and
myopia among junior high school students
A 3-wave panel study in China
Linjie Zhang, BSca , Weidong Wang, PhDb, Xiaoyang Dong, PhDa, Li Zhao, PhDa,c,d,∗, Jia Peng, PhDe,
Ronghai Wang, PhDf

Abstract
This study sought to investigate the recent incidence rate of myopia in Chinese junior high school students and analyze the effect of
time spent outdoors on myopia, in addition to facilitating the prevention and control of myopia among students.
This study was derived from a national panel study, the China Education Panel Survey. We conducted three rounds of follow-up

visits among 10,279 seventh grade students from 112 middle schools in 20 provinces in 2013. In total, 3571 students were selected
for the analysis in 2020 by excluding those lost to follow-up and students who were myopic in the first round. The primary outcomes
were the prevalence of myopia and the effect of time outdoors on myopia. The baseline characteristics of the included students were
described, and the correlation between time spent outdoors and myopia in the three rounds of data was analyzed by a correlation
chi-square test. Then, the generalized estimation equation (GEE) was used to estimate the influence of time spent outdoors on
myopia after follow-up.
There were 3571 students with normal baseline vision, and 1508 (42.23%) students progressed from having a normal vision to

myopia in the third round, of whom 706 (46.82%) were male and 802 (53.18%) were female. The results of the chi-square test
showed that the time spent outdoors of all students and girls, specifically, was related to myopia (P< .05). Next, the GEE was used to
analyze the influence of time spent outdoors on myopia after follow-up. After two model adjustments (individual and family-related
characteristics of students), students with<7hours/week time spent outdoors retained a high myopia rate than ≥14hours/week
(OR=1.250; 95% CI: 1.070–1.460). Among boys, there was no statistical correlation between time spent outdoors and myopia
(P> .05). For girls, compared with students who spent ≥14hours/week outdoors, students with <7hours/week spent outdoors
retained a higher myopia rate (OR=1.355; 95%CI: 1.067–1.720).
Increased time spent outdoors can delay the development of myopia. In terms of gender, girls should be targeted to more

effectively prevent and control the development and progression of myopia.

Abbreviations: CEPS = The China Education Panel Survey, CI = confidence interval, GEE = the generalized estimation equation,
OR = odds ratio.
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1. Introduction

Myopia has become a major focus in the field of global public
health.[1] Myopia not only affects physical and mental health, by
causing retinal rupture, cataracts, and blindness, among others,[2]

but also has a great impact on society. Statistical data demonstrate
that the annual economic loss caused by uncorrected refractive
errors is as high as US $220 billion, most of which is caused by
myopia.[3] TheWorldHealthOrganization released the firstWorld
Vision Report on October 8, 2019, revealing that over 2.2 billion
people have a visual impairment or blindness worldwide.[4] It is
estimated that the number of individuals with myopia globally will
reach 4.758 billion (49.8% of the total population) by 2050.
Furthermore, East Asia, such as China, Singapore, and South
Korea, has the highest myopia rates, which are much higher than
those in Europe and the United States.[5–9] China’s myopia rate
ranks first in the world, and its prevalence is the highest among the
youth.[10] According to surveys by the National Health Commis-
sion and the Ministry of Education of the People’s Republic of
China and other departments, the overall rate of myopia among
Chinesechildrenandadolescentswas53.6%in2018.Among them,
14.5% were 6-year-old children, 36.0% were primary school
students, 71.6%were junior high school students, and 81.0%were
high school students.[11] Studies have shown that increased time
spent outdoors can effectively reduce the presence of myopia.[12–14]

A longitudinal study by Jones et al found that theweekly time spent
outdoors of myopic students (7.98±6.54hours) was lower than
that of non-myopic students (11.65±6.97hours).[15] Adolescents
can reduce their incidence of myopia by 2% for each additional
hour of outdoor activity.[16] The “Guidelines for Appropriate
Techniques for the Prevention and Control of Myopia in Children
and Adolescents” formulated by the National Health Commission
in 2019 mentions that schools, families, and communities work
together to reduce long-term continuous myopia among children
and adolescents and adopt a variety ofmeasures to provide relevant
conditions for children and adolescents, urging children and
adolescents to engage inoutdoor activities.[17] Teachers andparents
should guide children in taking an active part in physical exercise,
making children engage in more than 2hours of daily day-time
outdoor activities and suggesting that kindergarten-aged children
shouldnot engage in less than3 suchhours.[18]To thisdate, scholars
have conducted extensive studies on myopia, time spent outdoors,
and other factors,[19–22] but junior high school students have not
been specifically targeted. Junior high school is a critical period in
students’ growth and development, representing a transition in
their academic burden. The myopia rate of junior high school
students is significantly higher than that of primary school students.
This paper selected the studentswith normal vision in grade 7 as the
base point, re-investigated the students’ vision situation again after
three years, and actually we obtained the changes of the students’
vision in three years of junior middle school.
Furthermore, this study further assessed the occurrence of

myopia and the influence of time spent outdoors on myopia in
junior high school students with normal eyesight over the course
of 3 years to better inform the prevention and control of myopia
among teenagers.

2. Methods

2.1. Study design and population

The China Education Panel Survey (CEPS) is a national panel
survey project designed and implemented by the National Survey

Research Center at Renmin University of China. The study was
approved by the Ethics Committee of Renmin University of
China. This survey uses a multi-stage probabilistic and scale
proportional sampling method, having randomly selected
representative 20 provinces, 28 districts and counties, 112
schools, 438 classes, and a total of 19487 students (10,279 in
Grade 7 and 9208 in Grade 9) for follow-up surveys. The entire
survey cycle is from 2013 to 2033. The specific details with regard
to the implementation of the survey can be found in the
literature.[23] In this study, seventh grade students with normal
vision were selected at baseline as the research object. At the same
time, data were selected from the baseline wave (the school year
2013–2014) and the third survey wave (in 2015–2016). In the
end, a total of 3571 students (1931 boys and 1640 girls) who met
the criteria were selected. Specific exclusion criteria are shown in
Figure 1.

2.2. Data collection

The CEPS questionnaire included student questionnaire, parents
questionnaire, homeroom teacher questionnaire, teacher ques-
tionnaire and headmaster questionnaire. The student question-
naire was about student basic information, academic growth,
physical and mental health, social behavior development, growth
and memory, etc; The parents questionnaire covered: family
education, home-school relationship, school education, child-
ren’s basic situation, problems of parents, family and community,
etc; The questionnaire of head teacher included: head teacher
work, teaching work, general work, personal and family
questions, etc; The questionnaire for teachers included: teaching
work, general work, personal and family questions, etc; The
principal questionnaire included basic information of the school,
basic information of junior high school students, basic informa-
tion of junior middle school teachers, management work and
personal basic information, etc.
This study selected student and parents questionnaire for

waves 1 and 3, personal characteristics and family character-
istics of students were collected by self-administered question-
naires. Personal characteristics included whether the students
were only-children, as well as their gender, height, weight, time
spent outdoors (hours/week), time in meditation (hours/week),
sleep duration (hours/day), self-reported health status, time
spent outdoors, and myopia prevalence after the follow-up,
thereby allowing us to model the change in time spent outdoors
change and the incidence of novel myopia cases. Students’
family characteristics included nationality, type of area in which
the family lived, whether they lived with their parents, and
family economic conditions. CEPS has been developed by
experts over the course of multiple discussions, improved
continuously through multiple trials, and finally successfully
implemented throughout the country. Investigators have
undergone rigorous professional training and qualification
exams and signed confidentiality agreements. Investigators
needed to conduct on-site supervisions and deliver explanations
of interviewee-related issues, using a combination of on-site
verification and telephone interviews to confirm that the
questionnaires were being appropriately completed. The
technical team then entered and organized the data, double-
blinded. To complete the questionnaire, the consent of the
interviewees (school leaders, teachers, parents, students) was
required. If they did not consent, they were not included in the
study sample.
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2.3. Measures of myopic

The questionnaire assessed whether the students were myopic.
Considering that junior high school students already have basic
cognition and judgment abilities, as well as various cost issues
such as manpower and material resources, this study used
questionnaires to obtain students’ vision status. In the
questionnaire survey, students wearing glasses were asked
about their degree of wearing glasses, and condition of their
eyesight were recorded. For students without glasses, asking
them whether they could see the handwriting on the blackboard
clearly, whether they could see the distant objects clearly, if the
vision was fuzzy, it would be judged as nearsightedness.
Meanwhile, if the vision status information in a student’s
questionnaire was missing, we used the information in the

parent questionnaire as a supplement to further reduce the lack
of data.

2.4. Measures of time outdoors

Time spent outdoors in the questionnaire was measured by an
assessment of the time spent playing outside, walking, engaging
in various activities, and extracurricular sports activities, among
others, when students attended school from Monday to Friday
but not on weekends and vacation. Weekly time spent outdoors
was calculated as: (hours spent on a weekday)�5 + (hours spent
on a weekend day)�2.[12] Combined with the recommendations
of the Chinese Center for Disease Control and Prevention on time
spent outdoors, relevant previously published literature, and the
distribution characteristics of the data samples in this study, time

274 students had missing value for personal 
characteristics such as height, weight, time in 
meditation, and sleep duration

226 students had missing value for family 
characteristics such as the type of area in  
which the family lived and family conditions 

390 students had missing value for 
time spent outdoors  

3571 students (1931 boys and 1640 girls) were 
included in the study

10279 7th graders were 
selected at baseline 

Baseline students n=19487 (10279 
7th graders and 9208 9th graders) 

4460 students were excluded 
because they were myopic  

5819 students were included because they 
had normal vision in the first wave(w1) of 
CEPS during 2013-2014  

Lost to follow-up n=1358

4461 students were reinterviewed in the third 
wave (w3) of CEPS during 2015-2016  

Figure 1. Participants’ flow in the study.
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spent outdoors was divided into three levels: <7, 7–14, and ≥14
(hours/week).[15,18]

2.5. Covariates

Each variable in the questionnaire had a specific definition, as
follows. Whether students were only-children was categorized as
yes or no. Gender was categorized as male or female. Time spent
inmeditation included time spent engaged in homework, reading,
tutoring class, watching TV, and playing online games, among
others, when students went to school fromMonday to Friday but
not on weekends and vacation. According to previously
published literature and the distribution characteristics of the
data samples, time in meditation was categorized into <28, 28–
56, and ≥56(hours/week).[24] Weekly meditation time was
calculated in the same way as time spent outdoors. Sleep
duration was divided into three phases, <7, 7–9, and ≥9(hours/
day).[25] Overweight and obesity were classified as non-
overweight/obese and overweight/obese according to the Chinese
health standard “Screening for overweight and obesity in school-
age children and adolescents,” with body mass index (BMI)=
weight(kg)/height(m)2.[26] Self-health status was classified as very
good, better, average, and not so good. Myopia status was
categorized as yes and no. Nationality was divided into Han and
Minority nationalities, and the type of area in which the family
lived was categorized as city/county city center, city/county
fringe, city/county urban-rural junction, towns outside the city/
county, countryside, or others. Whether students lived with their
parents was categorized as living with both, living with one party,
and not living with either party. Family economic conditions
were classified as richer, medium, and very difficult.

2.6. Statistical analysis

First, a descriptive statistical analysis was used to describe the
characteristics of students with normal vision at baseline. Next, a
correlation chi-square test was used to analyze the correlation
between changes in the time students with normal vision spent
outdoors and the occurrence of myopia 3 years later. Finally, a
generalized estimation equation (GEE) was used to test the
connection between the influence of time spent outdoors on
myopia after follow-up depending on gender. We used a GEE
because the parameter estimates in this model remained relatively
stable, addressing the challenge related to the longitudinal data
correlation and allowing us to simulate flexibly the impact of time
on the results.[27] In Model l, the analysis was unadjusted for any
variables. In Model 2, it was adjusted for the personal character-
istics of the students, and inModel 3, it was adjusted as forModel
2, alongside further adjustment for students’ family characteristics.
A P value <.05 was considered statistically significant.

3. Results

3.1. Characteristics of students with normal vision at
baseline wave

A total of 3571 students were included at baseline, of whom 1931
(54.07%) were boys and 1640 (45.93%) were girls. There were
1447 (40.52%) only-children, including 850 (44.02%)males and
597 (36.40%) females. Students mostly spent ≥14hours/week
outdoors, accounting for 1495 (41.87%) of all students, of whom
854 (44.23%) were boys and 641 (39.09%) girls. Most students
spent 28 to 56hours/week in meditation, of whom 1467

(41.08%) were female and 917 (47.49%) were male. A relatively
high proportion of girls, 601 (36.65%), spent <28hours/week in
meditation. Most students slept 7 to 9hours/day, representing a
total of 1995 (55.87%) students, of whom 1034 (53.55%) were
boys and 961 (58.60%) were girls. Most students, 3101
(86.84%), were neither overweight nor obese, of whom 1568
(81.20%) were boys and 1533 (93.48%) were girls. Most
students, 1447 (40.52%), had a good health status, of whom 806
(41.74%) were boys and 641 (39.09%) were girls. There were
more Han students, amounting to 3265 (91.43%) overall, of
whom 1775 (91.92%) were boys and 1490 (90.85%) were girls.
There were more rural students, amounting to 1644 (46.04%), of
whom 877 (45.42%) were males and 767 (46.77%) were
females. More than 64% of students lived with their parents, and
more than 68% of students had medium family conditions
(Table 1).

3.2. The rate of change in myopia was higher in junior
middle school students

There were 3571 students with normal vision in the first wave
(wave 1), and 1508 (42.23%) students progressed from having
normal vision to myopia in the third wave (wave 3). There were
a total of 706 (46.82%) boys and 802 (53.18%) girls. Figure 2
shows the relationship between changes in time spent outdoors
and the incidence of new cases of myopia between waves 1 and
3. Myopia rates tended to decrease with increased time spent
outdoors. A correlation chi-square test revealed that the amount
of time both all students and female students’ time spent
outdoors was related to myopia. A total of 2582 (1450 boys and
1132 girls) students altered the time they spent outdoors
between waves 1 and 3. A total of 377 students’ time spent
outdoors either remained stable at ≥7hours/week or was
decreased. Among these, there were 183 new myopia students,
representing 48.54% of this cohort, among which 100 were
female, accounting for 53.48%, and 83 were male, accounting
for 43.68%. A total of 1067 students’ time spent outdoors
remained stable, at 14hours/week, between waves 1 and 3,
while 398 students developed myopia, accounting for 37.30%
of this cohort. Among these, there were 195 female myopic
students, accounting for 44.42%, and 203 male myopic
students, accounting for 32.32%.

3.3. Students who spent more time outdoors had a lower
rate of myopia than those who spent less time outdoors

Table 2 shows the influence of time spent outdoors on myopia
after follow-up. In Model 1 (unadjusted for any variables), time
spent outdoors had a negative correlation with the myopia rate of
students. Compared with ≥14hours/week time spent outdoors,
students who spent <7hours/week outdoors were more prone to
developing myopia (unadjusted OR=1.313; 95% CI: 1.154–
1.495). In Model 2, after controlling for students’ personal
characteristics, compared with ≥14hours/week time spent
outdoors, students who spent <7hours/week time outdoors
had a higher myopia rate (OR=1.237; 95% CI: 1.062–1.441),
while students who spent 7 to 14hours/week did not have a
significant relationship with myopia rate (P= .189). In Model 3,
after adjusting for students’ personal characteristics and family
characteristics, compared with ≥14hours/week time spent
outdoors, students who spent <7hours/week outdoors retained
high myopia rates (OR=1.250; 95% CI: 1.070–1.460).
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3.4. Compared with boys, increasing time spent outdoors
among girls was more effective in preventing myopia

Table 3 shows the time spent outdoors of students of different
genders and the effect on myopia after follow-up. In Model 1
(unadjusted for any variables), for boys, compared with ≥14
hours/week time spent outdoors, boys who spent <7hours/week
outdoors were more likely to develop myopia (unadjusted OR=
1.121; 95% CI: 0.940–1.336), but this was not statistically
significant. Among girls, in comparison to those who spent ≥14
hours/week outdoors, girls who spent <7hours/week outdoors
were more likely to develop myopia (unadjusted OR=1.625;
95% CI: 1.334–1.979). In Model 2, after adjusting for students’
personal characteristics, among boys, there was no statistical
correlation between time spent outdoors and myopia (P> .05);
among girls, compared with ≥14hours/week time spent

outdoors, girls who spent <7hours/week outdoors had higher
myopia rates (OR=1.358; 95% CI: 1.074–1.718). In Model 3,
after adjusting for students’ personal and family characteristics,
among boys, there was no statistical correlation between time
spent outdoors and myopia (P> .05), while, among girls,
compared with ≥14(hours/week) time spent outdoors, girls
who spent<7hours/week outdoors retained higher myopia rates
(OR=1.355; 95% CI: 1.067–1.720).

4. Discussion

In 3 waves of surveys, we analyzed the new incidence of myopia
in 3571 normal-vision students at baseline wave and 1508
(42.23%) students who progressed from normal vision to
myopia. Simultaneously, the vertical relationship between time
spent outdoors and myopia of this cohort of students was

Table 1

Characteristics of the baseline population.

Number (%)

Characteristics Females (n=1640) Males (n=1931) Total (n=3571)

Personal characteristics
Whether the student were only-children
Yes 597 (36.40) 850 (44.02) 1447 (40.52)
No 1043 (63.60) 1081 (55.98) 2124 (59.48)

Time spent outdoors hours/week
<7 459 (27.99) 535 (27.71) 994 (27.84)
7–14 540 (32.93) 542 (28.07) 1082 (30.30)
≥14 641 (39.09) 854 (44.23) 1495 (41.87)

Time in meditation hours/week
<28 601 (36.65) 455 (23.56) 1056 (29.57)
28–56 550 (33.54) 917 (47.49) 1467 (41.08)
≥56 489 (29.82) 559 (28.95) 1048 (29.35)

Sleep duration (hours/day)
<7 110 (6.71) 154 (7.98) 264 (7.39)
7–9 961 (58.60) 1034 (53.55) 1995 (55.87)
≥9 569 (34.70) 743 (38.48) 1312 (36.74)

BMI
Non-overweight/obesity 1533 (93.48) 1568 (81.20) 3101 (86.84)
Overweight/obesity 107 (6.52) 363 (18.8) 470 (13.16)

Self-reported health status
Very good 641 (39.09) 806 (41.74) 1447 (40.52)
Better 590 (35.98) 677 (35.06) 1267 (35.48)
Average 356 (21.71) 376 (19.47) 732 (20.50)
Not so good 53 (3.23) 72 (3.73) 125 (3.50)

Family characteristics
Nationality
Han 1490 (90.85) 1775 (91.92) 3265 (91.43)
Minority 150 (9.15) 156 (8.08) 306 (8.57)
The type of area in which the family lived
City/county center 479 (29.21) 529 (27.40) 1008 (28.23)
City/county fringe 178 (10.85) 243 (12.58) 421 (11.79)
City/county urban-rural junction 102 (6.22) 124 (6.42) 226 (6.33)
Towns outside the city/county 87 (5.30) 134 (6.94) 221 (6.19)
Countryside 767 (46.77) 877 (45.42) 1644 (46.04)
Others 27 (1.65) 24 (1.24) 51 (1.43)

Whether students lived with their parents
Living with both 1082 (65.98) 1249 (64.68) 2331 (65.28)
Living with one party 307 (18.72) 386 (19.99) 693 (19.41)
Not living with either party 251 (15.30) 296 (15.33) 547 (15.32)

Family economic conditions
Richer 72 (4.39) 121 (6.27) 193 (5.40)
Medium 1181 (72.01) 1331 (68.93) 2512 (70.34)
Very difficult 387 (23.60) 479 (24.81) 866 (24.25)
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Figure 2. Relationship between changes of time spent outdoors of students and myopia incidence in w1-w3.

Table 2

A longitudinal association between the time spent outdoors of students and myopia rate at follow-up (n=3571).

Model 1
∗

Model 2† Model 3‡

Time spent outdoors hours/week B OR (95% CI) B OR (95% CI) B OR (95% CI)

Total
<7 0.272 1.313 (1.154,1.495) 0.213 1.237 (1.062–1.441) 0.223 1.250 (1.070–1.460)
7–14 �0.047 0.954 (0.826–1.102) 0.041 1.041 (0.886–1.224) 0.047 1.048 (0.890–1.234)
≥14 Reference Reference Reference

∗
unadjusted for any variables.

† adjusted for students’ personal characteristics: whether the students were only-children, gender, height, weight, time in meditation (hours/week), sleep duration (hours/day), self-reported health status, etc.
‡ adjusted for students’ personal characteristics: whether the students were only-children, gender, height, weight, time in meditation (hours/week), sleep duration (hours/day), self-reported health status, etc.;
students’ family characteristics: nationality, the type of area in which the family lived, whether they lived with their parents, family economic conditions, etc.

Table 3

A longitudinal association between the time spent outdoors of students of different genders and myopia rate at follow-up (n=3571).

Model 1
∗

Model 2† Model 3‡

Time spent outdoors hours/week B OR (95% CI) B OR (95% CI) B OR (95% CI)

Males
<7 0.114 1.121 (0.940–1.336) 0.158 1.171 (0.953–1.439) 0.168 1.183 (0.960–1.457)
7–14 �0.211 0.810 (0.665–0.986) �0.100 0.904 (0.727–1.125) �0.091 0.913 (0.732–1.139)
≥14 Reference Reference Reference

Females
<7 0.485 1.625 (1.334–1.979) 0.306 1.358 (1.074–1.718) 0.304 1.355 (1.067–1.720)
7–14 0.170 1.185 (0.954–1.472) 0.233 1.263 (0.986–1.618) 0.227 1.255 (0.976–1.614)
≥14 Reference Reference Reference

∗
unadjusted for any variables.

† adjusted for students’ personal characteristics: whether the students were only-children, height, weight, time in meditation (hours/week), sleep duration (hours/day), self-reported health status, etc.
‡ adjusted for students’ personal characteristics: whether the students were only-children, height, weight, time in meditation (hours/week), sleep duration (hours/day), self-reported health status, etc.; students’
family characteristics: nationality, the type of area in which the family lived, whether they lived with their parents, family economic conditions, etc.

Zhang et al. Medicine (2020) 99:50 Medicine

6



analyzed. After 2 model adjustments (adjusting for personal and
family characteristics), we found that time spent outdoors and
myopia were still correlated. This result was consistent with
previous studies, which showed that time spent outdoors had a
negative effect on myopia. Increasing time spent outdoors could
effectively suppress the progression of myopia.[13,28,29] For
example, in a cohort study, Guggenheim et al found that what
was closely related to the occurrence and development of
adolescent myopia was the time spent outdoors, rather than the
intensity of the activity.[30] Studies by Rose and others have
shown that 29.1% of Chinese adolescents living in Singapore had
myopia, compared to only 3.3% of Chinese people of the same
age living in Sydney. This investigation found that Chinese
teenagers living in Sydney spent 13.8hours per week outdoors,
compared with 3.1hours in Singapore.[31]

Some scholars have found that the outdoor environment had a
unique protective effect on myopia. These effects included a
relatively flat diopter terrain in outdoor scenes, spacious outdoor
visual spaces, high luminosity outdoors, and particular blue light
components.[32,33] Some studies have also pointed out that
sunlight outdoors can stimulate the retina to release dopamine
and slow the development of myopia.[34] In addition, outdoor
sunlight may easily promote the body’s secretion of dopamine,
slowing down eye lengthening and reducing the rate of
myopia.[35] In a randomized controlled trial, Wang et al found
that exposure to natural outdoor light could reduce myopia
caused by defocusing. In addition, the exposure of rhesus
monkeys to sunlight in early childhood could promote their
normal development in adulthood, thereby reducing the risk of
myopic refractive errors.[32] The results of Ashby et al showed
that, compared with conventional experimental lighting con-
ditions (500 lux), chicks exposed to sunlight and artificial light
(15,000 lux) were less likely to develop myopia.[36] Scott et al
found that children with greater average daily light exposure
experienced a slower axial eye growth in an 18-month
longitudinal study.[37]Wu et al found, in a Taiwanese prospective
intervention study, that the new incidence rate of myopia
(8.41%) in students in the outdoor activity intervention group
was lower than that in the control group (17.65%). Outdoor
activities interventions for non-myopic students are effective in
enabling the prevention and control of myopia.[38] This article
further assessed the relationship between time spent outdoors and
myopia according to gender. Compared with boys, girls had a
higher risk of developing myopia. This was consistent with
certain previous research results.[39–41] After two model adjust-
ments of the generalized estimation equation, among girls, time
spent outdoors in a short period of time still maintained high rates
of myopia. Among boys, after controlling for other factors, the
impact of boys’ time spent outdoors on myopia was less obvious.
This could be attributed to a number of factors. First, there were
physiological differences between boys and girls. Studies have
found that estrogen affected the expression of more than 600
genes in corneal epithelial cells.[42] In addition, corneal thickness
was positively related to myopia diopter.[43] The junior high
school stage is a critical period for student development. Due to
the effects of growth hormones and estrogen, girls’ growth and
development would reach a peak, and organ functional disorders
might cause changes to the eye and other tissue structures.[44,45]

This may be the reason for which myopia rates were higher in
girls than boys in junior high school. Second, due to the fierce
social competition and the high expectations of parents, Chinese
middle school students have a heavy academic burden and

educational pressure.[1] Some surveys showed that 73.1% of
Chinese junior high school students have overtime schoolwork,
and 38.1% of students engage in extracurricular tutorial
classes.[46] At the same time, girls undergo puberty earlier than
boys.[44,45] Girls also tend to reach educational milestones earlier
than boys, showing longer reading and writing times at close
distances, and engaging in relatively fewer outdoor activities. On
the contrary, the vast majority of boys spent more time outdoors
and less time in meditation. There similar times spent outdoors
lead to insignificant differences in myopia. The second reason is
that boys’ myopia is controlled by multiple behaviors, and its
mechanism of impact has not yet been clarified. In terms of
preventing myopia, it is suggested that girls should be key targets,
to better enable the prevention and control of myopia.
However, this study had several limitations. Firstly, the data

collected in this article was sourced from student self-filled
questionnaires. There may have been memory or non-respondent
biases as such. Secondly, only the time spent outdoors was
assessed. The activity intensity and the activity intervals were not
considered. In the future, outdoor activity intensity and other
factors can be further assessed.

5. Conclusions

This study was based on a cohort survey of junior high school
students in China. We found that longer periods spent outdoors
played a vital role in the prevention and control of myopia among
students. In terms of gender, increasing time spent outdoors among
girls statistically significantly reduced myopia, but this statistical
association did not exist in boys. Scholars should pay more
attention to time spent engaged inoutdoor activities and analyze its
value in the further research on healthy lifestyles. This study shows
that during three years period, the factors influencing students’
myopia rates changed little, even though, in reality, the increase in
students’ growth and development and the academic burden are
associated with a certain degree of change in their visual acuity. As
such, in future studies, more thorough studies based on a larger
number and duration of follow-ups can be carried out.
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