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Abstract: Longer durations for near-work activities, such as studying, worsen eyesight. In contrast,
outdoor exercise is effective in reducing the risk of developing myopia. Despite these findings,
however, the interaction between studying and exercise in eyesight has not been quantitatively
evaluated. Moreover, since there is a culture of attending lessons in Japan, it is important to investigate
the relationship between elementary school activities, such as cram schools or sports clubs, and
vision. Therefore, in this study, we examined whether attending cram schools and/or sports clubs
is associated with the use of glasses among elementary school students. We conducted a survey
among 7419 elementary school students in Tokyo, Japan using a food education questionnaire.
A logistic regression analysis was used to evaluate the relationship between wearing glasses, an
objective variable, and attending sports clubs and cram schools. Sex and school year were considered
confounding factors. The results of this study showed that students who attended only sports clubs
were more likely to be categorized into the “not wearing glasses” group (p = 0.03, OR = 1.45), whereas
those who attended only cram schools were more likely to be categorized into the “wearing glasses”
group (p = 0.008, OR = 0.67). In addition, students who attended both cram schools and sports
clubs were more likely to be categorized into the “not wearing glasses” group than those who only
attended cram schools (p = 0.28, OR = 0.85). Our findings indicate that attending not only cram
schools but also sports clubs may prevent deterioration of eyesight. Parents and health care providers
need to take these findings into account in order to prevent visual impairment in children.

Keywords: glasses; elementary school students; sports club; cram school

1. Introduction

Myopia, the leading cause of visual impairment, is estimated to affect half of the
world’s population by 2050 [1,2]. In particular, the prevalent rates of myopia in East and
Southeast Asia are the highest worldwide [3-6]. In parallel with the increase in overall
myopia, there has also been an increase in the prevalence of intense myopia, which is
related to increased visual impairment and blindness, mainly due to retinal chorioretinal
degeneration and retinal detachment [7,8]. In Japan, the percentage of elementary school
students with visual acuity of <1.0% has been increasing every year [9]. Moreover, the
economic burden of uncorrected distance refractive errors, mainly caused by myopia,
has been estimated to be approximately USD 202 billion per year, making it a significant
economic burden [10]. In general, the incidence of myopia increases during school-age
years and decreases in later adulthood [11]; therefore, it is important to prevent myopia in
school-age children.

Genetic factors are thought to be involved in the development of visual disorders such
as myopia, but the rapidly increasing prevalence of myopia has been attributed to envi-
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ronmental and lifestyle factors [1]. Previous studies have shown an association between
visual impairment and risk factors, such as near-work activities, including studying and
reading [12]. Furthermore, near work has been proposed as a factor in the progression of
myopia, and it has been reported that near work, such as intense computer work, increases
visual impairment [13,14]. In contrast, outdoor activities reduce the risk of developing
visual impairment; many studies have investigated the relationship between outdoor activ-
ities and myopia [15-19]. A previous study reported the association between sports and
outdoor activities and myopia, and showed that increased time spent in sports and outdoor
activities is associated with decreased myopia [20]. In addition, both cross-sectional and
longitudinal studies have reported that participation in sports and outdoor activities has a
preventive effect on myopia [21,22]. However, to the best of our knowledge, no previous
studies have quantitatively evaluated the interaction between studying and exercise.

In Japan, there is a culture of attending lessons at an early age, and according to the
2007 report of the Ministry of Education, Culture, Sports, Science, and Technology, >80% of
elementary school students have taken some kind of lessons [23]. Moreover, there are many
elementary school students in Japan who are preparing for junior high school entrance
exams, with >45% of them engaging in learning activities outside of school, including cram
schools, correspondence correction, and private tutoring [23]. According to a previous
study, more elementary school students in Minato city (“Minato-ku” in Japanese), where
this survey was conducted, tend to take junior high school entrance exams than those in
other wards in Tokyo [24]. Furthermore, approximately 60% of elementary school students
attend sports clubs [23]. Therefore, it is important to investigate the relationship between
attending cram schools and/or sports clubs and vision among elementary school students.

In the present study, we investigated whether attending cram schools and/or sports
clubs is associated with the use of glasses among elementary school students. This study is
expected to discover not only the current state of the use of glasses in Japanese children
but also the relationship between attending cram schools and sports clubs and the state
of the use of glasses. We focused on cram school and sports club activities to test the
hypothesis that cram school and sports club attendance may be associated with the state of
the use of glasses, given the high rate of cram school and sports club attendance among
Japanese children.

2. Materials and Methods
2.1. Participants and the Super Diet Education (Shokuiku) Project

The Super Dietary Education Project, a dietary education project of the Japanese
Ministry of Education, Culture, Sports, Science, and Technology (MEXT), aims to develop
programs to promote dietary education among children in cooperation with various outside
organizations. The overall objective of the project is to contribute to healthy living and
improve the health of school children through nutrition education. In collaboration with
this project, we conducted a cross-sectional study on a cohort of elementary school students
using a survey questionnaire. The participants were 7419 children 6 to 12 years of age
who belong to 18 public elementary schools in Minato City, Tokyo, Japan. This survey was
conducted from 2018 to 2019. Cases were excluded from all analyses if missing any of the
answers. This study’s protocol conformed to the Helsinki Declaration and was approved
by the Ethics Review Committee on Research with Human Subjects of Waseda University,
Tokyo, Japan (application no. 2019-195).

2.2. Questionnaire

For this survey, we used a questionnaire on food education (shokuiku) developed by
the Minato City Board of Education. In Japanese, “shoku” means diet, and “iku” means
growth and education. In total, 64 questions composed the questionnaire regarding basic
attributes (sex, grade, etc.), learning ability, physical activity, lifestyle, eating habits, and
food culture. Among the items in the questionnaire, information such as sex, grade, lessons,
and whether the students were wearing glasses was collected and analyzed. Teachers at
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the schools explained the purpose of the study and distributed the questionnaires, which
were completed by the children and their parents before returning them to the schools.
Table 1 presents a summary of the questions and response options.

Table 1. Question content and options for the explanatory variable and objective variable.

Explanatory Variable Contents of Question

What type of lesson you are attending?

Type of lessons 1. sports club; 2. cultural school; 3. cram school; 4. other; 5. no lessons

Objective Variable

Do you wear glasses?

Glasses 1. yes; 2. no

2.3. Sports Clubs and Cram Schools

Regarding the attendance in lessons outside of school, we specifically asked the
participants, “What type of lessons you are attending?” and their answers were categorized
from 1 to 5 (1, sports club; 2, cultural school; 3, cram school; 4, other; and 5, no lessons).
Multiple answers were allowed for this question. However, since we only used data from
elementary school students who answered 1, 3, both 1 and 3, or 5, the answers were divided
into the following four groups: the “sports club” group (those who answered 1), the “cram
school” group (those who answered 3), the “sports club and cram school” group (those
who answered 1 and 3), and the “no lessons” group (those who answered 5). Participants
reporting other answers (3897 (52.5%) children) were excluded from this analysis; thus,
only data from 3522 children were analyzed. Furthermore, participants were queried
regarding how many times a week they went to these lessons and how long they attend
them (<1, 1-2, 2-3, >3 h). These questions were then used in the Fisher’s exact test separate
from the logistic regression analysis.

2.4. Use of Glasses

Regarding the use of glasses, we specifically asked the participants, “Do you wear
glasses?” and their responses were categorized as either 1 (yes) or 2 (no). Based on
the responses, participants were divided into the “wearing glasses” group (those who
answered 1) and the “not wearing glasses” group (those who answered 2).

2.5. Statistical Analyses

A data analysis was performed using the Predictive Analytics Software for Windows
(SPSS Japan Inc., Tokyo, Japan). Calculating the total sample size for detecting a medium
effect (f2 [effect size] = 0.15), a minimum sample size of 146 was required to achieve
approximately 95% power to detect a large effect at a significance level of 0.05 (G*Power,
version 3.1.9.2, Universitat Kiel, Kiel, Germany). The odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated. In this study, the chi-square test was used to compare
sex and school year, which were used as confounding factors, between the groups. A
logistic regression analysis was then performed to examine the results; two analyses
were performed, with “wearing glasses” as the objective variable and “sports club” and
“cram school” as the explanatory variables. First, we examined whether each explanatory
variable was related to the objective variable using univariate models. Then, we performed
multivariate logistic regression analyses for all variables showing a significant difference in
the univariate models. Further statistical analysis was performed using Fisher’s exact test
to analyze the relationship between wearing glasses and the number of sports clubs and
cram schools attended and the time spent attending them. Results with p-values of less
than 0.05 were considered significant.
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3. Results

The characteristics of the participants are presented in Table 2. The analysis of the
data collected from questionnaires completely answered by 3522 (47.47%) school children
showed that there were significant differences in sex and school year between the “wearing
glasses” and “not wearing glasses” groups.

Table 2. Characteristics of elementary school students.

Do You Wear Glasses?

Item Wearing Glasses Not Wearing Glasses
Age, Mean (SE) 10.4 (0.056) 9.01 (0.033)
N n % n % p-Value 2
S Male 2107 412 19.6 1695 80.4 0.013 *
X Female 1415 326 23.0 1089 77.0
1st 613 37 6.0 576 94.0 <0.001 ***
2nd 577 56 9.7 521 90.3
School erade 3rd 560 63 11.3 497 88.8
& 4th 574 126 22.0 448 78.0
5th 611 198 324 413 67.6
6th 587 258 44.0 329 56.0

***p <0.001, * p <0.05,  chi-square test.

Results of the multivariate analysis are presented in Table 3. The “sports club” group
(OR = 1.45, 95% CI = 1.03-2.04) was positively correlated with wearing glasses, whereas
the “cram school” group (OR = 0.67, 95% CI = 0.49-0.90) was negatively correlated with
wearing glasses. In contrast, the “sports club and cram school” group was not correlated
with wearing glasses. However, the OR of the “sports club and cram school” group was
greater than that of the “cram school” group, showing that participants who attend sports
clubs were more likely to be categorized into the “not wearing glasses” group. In contrast,
participants who only attended cram schools were more likely to be categorized into the
“wearing glasses” group, while those who attended both sports clubs and cram schools
were more likely to be categorized into the “not wearing glasses” group.

Table 3. Results of logistic regression analysis.

Types of Lessons OR ? (95% CI)
No lessons 1
Sports club 1.45 * (1.03-2.04)
Cram school 0.67 ** (0.49-0.90)
Sports club and cram school 0.85 (0.64-1.14)

**p <0.01,*p <0.05. * OR: odds ratio, 95% CI: 95% confidence interval.

In Table 4, the data of 3495 children were used because the elementary school students
(n = 27) who did not answer sports club and cram school were excluded from the analysis.
Table 4 summarizes the relationship between attending sports clubs and/or cram schools
and rate of wearing glasses (Table 4), showing that the rate of wearing glasses increased
with a higher cram school attendance. However, by attending sports clubs, the rate of
wearing glasses was lower even with a higher cram school attendance. Participants who
attended cram school once or twice a week had a low rate of wearing glasses, regardless
of the number of times they attended sports clubs; thus, it was not possible to show a
decrease in the rate of wearing glasses due to the effects of exercise. Similarly, participants
who attended cram schools six or seven times a week cannot afford to attend sports clubs;
thus, it was not possible to show a decrease in the rate of wearing glasses. In contrast to the
previous two, for those who attended cram school three to five times a week, the rate of
glasses use was found to be lower for those who also attended their sports club, indicating
that the rate of glasses use decreased due to the effect of exercise.



Int. J. Environ. Res. Public Health 2021, 18, 12440 50f9

Table 4. Relationship between sports club and/or cram school attendance and the rate of wearing glasses.

Sports Club/ 0 Times 1 Times 2 Times 3 Times 4 Times 5 Times 6 Times 7 Times

Cram School N % N % N % N % N % N % N % N %
0 times 466 17.6 85 11.8 207 16.4 199 39.2 ¥ 141 53.2 *x* 81 49.4 #** 40 50.0 *** 32 53.1 #**
1 time 269 11.5* 141 15.6 232 20.3 134 269 & 52 442 19 31.6 4 50.0 3 66.7
2 times 214 15.0 102 11.8 177 18.6 929 20.2 & 32 18.8 ## 11 9.1% 3 66.7 4 25.0
3 times 125 9.6* 81 111 93 16.1 46 26.1 9 0.00 # 5 0.00 0 0.00 0 0.00
4 times 82 11.0 41 171 55 14.5 29 24.1 6 16.7 1 0.00 1 0.00 0 0.00
5 times 35 114 18 27.8 32 6.30 7 0.00 & 2 0.00 1 100 0 0.00 0 0.00
6 times 27 7.40 11 36.4 11 0.00 1 0.00 1 0.00 2 50.0 0 0.00 0 0.00
7 times 13 0.00 3 0.00 8 0.00 2 0.00 0 0.00 0 0.00 0 0.00 0 0.00

*p < 0.05vs. SC0/CS 0, *** p < 0.001 vs. SC 0/CS 0, & p <0.05vs. SC0/CS 3, && p < 0.01 vs. SC 0/CS 3, # p < 0.01 vs. SC 0/CS 4,
i p <0.001vs. SC0/CS 4, $ p <0.05 vs. SC0/CS 5. Fisher’s exact test was used for all statistics.

In Table 5, the data of 3455 children were used because the elementary school students
(n = 67) who did not answer the time of the sports club and the cram school were excluded
from the analysis. We also summarized the relationship between the time spent attending
one sports club and/or cram school session and the rate of wearing glasses (Table 5),
showing that the rate of wearing glasses increased with a longer time spent attending one
cram school session. However, neither an increase or decrease was confirmed regarding
the time spent attending one sports club session; thus, the relationship between the time
spent attending one sports club session and the rate of wearing glasses was not clarified.
However, participants who study for >2 h in one cram school session and exercise for >1 h
in one sports club session had a reduced rate of wearing glasses.

Table 5. Relationship between the time spent attending one sports club and/or cram school session and the rate of

wearing glasses.

Sports Club/ Oh 1h 12h 23 h >3h
Cram School N % N % N % N % N %
Oh 466 17.6 66 15.2 235 15.3 181 40.9 *** 294 52.0 ***
1h 64 4.7 ** 33 15.2 50 24.0 23 30.4 17 52.9
12h 507 124 * 157 10.8 560 13.8 184 245 && 108 35.2 ##
23 h 129 13.2 24 20.8 102 13.7 55 21.8% 31 45.2
>3h 52 9.60 12 25.0 50 14.0 30 30.0 25 28.0%

*p<0.05vs. SCOh/CSO0h,** p<0.01vs. SCOh/CSO0h, **p<0.001 vs. SCOh/CSO0h, & p<0.05vs. SCOh/CS2-3h, && p < 0.01 vs. SC 0
h/CS2-3h,* p<0.05vs. SCOh/CSSCOh/CS35h, # p <0.01 vs. SCOh/CS > 3 h. Fisher’s exact test was used for all statistics.

4. Discussion
4.1. Main Results

The present study surveyed elementary school children from Minato city to examine
the relationship between wearing glasses and attending sports clubs and cram schools.
The relationship between the three was found to be statistically significant. Students who
only attended cram schools were more likely to wear glasses, whereas those who attended
sports clubs were less likely to wear glasses. Further, attending both cram schools and
sports clubs may prevent eyesight deterioration.

4.2. Relationship between Wearing Glasses and Attending Sports Clubs and Cram Schools

Previous studies have reported a positive correlation between the onset of myopia
and study-time length [25]. Myopia is associated with risk factors such as near-work
activities, which include studying and reading [12]. Proximal tasks such as close reading
distance may contribute to the onset and progression of myopia as it may affect excessive
lens convergence and growth of the ocular axial diameter [26]. In addition, exposure to
display screen devices has increased in recent decades, especially with the massive use of
computers and tablets for study and work. This near-universal and widespread exposure is
thought to be a strong risk factor for the onset and progression of myopia and contributes
to the increasing prevalence of myopia [13]. In this study, children who attended cram
schools may have a long study time and more time to work in a close range. Therefore,
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it is reasonable that students who only attended cram schools and were exposed to such
near-work activities were more likely to wear glasses.

In contrast, attending sports clubs instead of cram schools may prevent eyesight
deterioration. Myopia is the most common cause of eye disease and visual impairment,
and its prevalence has increased significantly in recent decades [1,27,28]. Therefore, it
is very important to understand its pathogenesis and to identify potential interventions.
Many studies on the relationship between outdoor activities and myopia have reported
that outdoor activities were found to delay the onset of myopia. Sunlight was found to be
deeply involved in this process as it stimulates the retina to release dopamine, consequently
delaying the onset of myopia [29]. However, it should be noted the type of sports club
was not specified in this study, and it was thought that the exercises performed included
both outdoor and indoor activities. Previous studies have reported that although outdoor
activity prevented the development of myopia, there was no association between daytime
light intensity or time, timing, and frequency spent outdoors [30]. In addition, mouse
experiments have reported that exercise reduces harmful ocular blood vessel overgrowth
by up to 45% [31]. Therefore, it was considered that exercise itself may be effective in
preventing the onset of myopia. Therefore, attending sports clubs, regardless of exercising
indoors or outdoors, may prevent eyesight deterioration. However, it is necessary to
collect detailed data, such as the type of sports and the location where the activity was
performed, and reconsider the effect differences between indoor and outdoor exercises in
future studies.

Although the mechanism is unclear, the frequency of sports club activity rather than its
duration may be involved in the protection of eyesight deterioration induced by attending
cram schools. Therefore, we believe that children would be better protected from myopia if
they attend sports clubs with more frequency rather than exercising for a long duration. On
the other hand, several previous studies showed that genetic factors play an important role
in the development of myopia [32]. However, some studies have reported that heredity is
only involved in a small percentage of myopia cases, and most agree that myopia is caused
by both genetic and environmental factors [26,33]. The previous study showed that low to
moderate myopia is mainly caused by environmental factors [33]. The state of glasses used
in this study is current and does not reflect parental eyeglass wearing rates or the state
of glasses used before entering elementary school. Therefore, a more detailed study that
includes these factors is needed in the future.

In recent years, the myopia-inhibiting effect of violet light (360 nm to 400 nm, the
short wavelength region of visible light), which is abundant in outdoor ambient light,
has become clear, and it has been speculated that the violet light deficiency caused by
the decrease in outdoor activity is one of the factors contributing to the rapid increase in
myopia prevalence [34,35]. In fact, in a previous study, visible violet light was found to be
effective in preventing the onset of myopia in humans [35]. Furthermore, the molecular
mechanism of this effect is being elucidated, and it was clarified that violet light is received
by OPN5 (neuropsin), a photoreceptor expressed in retinal ganglion cells in the inner
layer of the mouse retina that is involved in local retinal circadian rhythms, intraocular
vascular development, and regulation of deep body temperature, thereby suppressing
myopia progression by maintaining choroidal thickness [36]. Therefore, the time of day of
exercise may be important for the prevention of visual impairment.

Furthermore, a preliminary analysis showed that the rate of wearing glasses was low
in participants attending cultural schools (17.6% for those who have not learned anything,
and 17.3% for those who attend only cultural school), meaning that the relationship between
cram schools and club schools should be considered important, since there was no effect of
preventing myopia due to studying in these schools.

4.3. Limitations

Despite these results, there are several limitations to this study. First, the survey did
not reflect the actual lifestyle and anthropometric data of the participants. Children may
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References

exaggerate or downplay aspects of their lifestyle based on social expectations. Second,
this study relied on children’s responses, which may introduce errors due to differences
in children’s interpretations of the questions. Third, since this study was conducted on
elementary school children, it may not be applicable to middle school, high school, and
university students or adults. Therefore, the results of this study may not be generalizable.
Thus, future studies should expand the scope of this study. Fourth, this study was con-
ducted in Minato city, Tokyo, Japan, and it is unclear whether the same results would be
obtained in other areas. Therefore, the target area must be expanded in future studies as
well. Fifth, the type, location, and time of the sports club activities were not included in the
questionnaire, and thus, a detailed examination was not possible. In addition, since there
are no data on how many years the cram school or sports clubs have been held, the effect
of the habituation of cram schools are unknown. Finally, the present study examined the
interaction between attending cram schools and/or sports clubs and the use of eyeglasses
but did not clarify the causal relationship. Therefore, it is necessary to examine in detail the
causal relationship between cram schools and sports clubs and the use of eyeglass (visual
disorders) through cohort studies in the future.

5. Conclusions

This study provided data on the relationship between the state of glasses use and
cram school and sports club activities among Japanese elementary school children. Our
findings indicate that attending not only cram schools but also sports clubs may prevent
the deterioration of eyesight. Therefore, parents, health care providers, and policymakers
should pay more attention to these in order to prevent visual impairment in children and
correct spectacle situations.

Author Contributions: YM., H.-K.K. and S.S. designed the research, analyzed the data, and wrote
the manuscript. T.S. and M.K. analyzed the data and wrote some tables in the manuscript. All
authors reviewed the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by a Grant-in-Aid for Scientific Research (A) 19H01089 and Grant-
in-Aid for challenging Exploratory Research 19K21597 from the Japan Society for the Promotion of
Science (S.S). The funders had no role in the design of study and collection, analysis, the decision to
publish, or preparation of the manuscript.

Institutional Review Board Statement: This study’s protocol conformed to the Helsinki Declaration
and was approved by the Ethics Review Committee on Research with Human Subjects of Waseda
University, Tokyo, Japan (application no. 2019-195).

Informed Consent Statement: Prior to the study, the written informed consent of a parent or
guardian was obtained for participants under 16 years old after delivering a detailed description of
the study (i.e., purpose, methods).

Data Availability Statement: The datasets for the current study are available from the corresponding
author upon reasonable request.

Acknowledgments: Thanks to all participating children and parents involved in the Shokuiku Project.

Conflicts of Interest: We declare that there are no conflict of interest related to this study.

Abbreviations

ORs: odds ratios; Cls; confidence intervals; SE: Standard Error.

1. Holden, B.A; Fricke, T.R,; Wilson, D.A.; Jong, M.; Naidoo, K.S.; Sankaridurg, P.; Wong, T.Y.; Naduvilath, T.J.; Resnikoff, S.
Global prevalence of myopia and high myopia and temporal trends from 2000 through 2050. Ophthalmology 2016, 123, 1036-1042.

[CrossRef] [PubMed]


http://doi.org/10.1016/j.ophtha.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/26875007

Int. J. Environ. Res. Public Health 2021, 18, 12440 80f9

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

World Health Organization. Myopia and High Myopia. WHO. 2017. Available online: https://www.who.int/blindness/causes/
MyopiaReportforWeb.pdf?ua=1&ua=1 (accessed on 19 June 2021).

Wu, .E; Bi, H.S.; Wang, SM.; Hu, Y.Y.; Wu, H.; Sun, W.; Lu, T.L.; Wang, X.R.; Jonas, ].B. Refractive error, visual acuity and causes
of vision loss in children in Shandong, China. The shandong children eye study. PLoS ONE 2013, 8, e82763.

Ding, B.Y.; Shih, Y.F; Lin, L.L.K.; Hsiao, C.K.; Wang, 1.]. Myopia among schoolchildren in East Asia and Singapore. Surv.
Ophthalmol. 2017, 62, 677-697. [CrossRef] [PubMed]

Jung, SK.; Lee, ] H.; Kakizaki, H.; Jee, D. Prevalence of myopia and its association with body stature and educational level in
19-year-old male conscripts in seoul, South Korea. Investig. Ophthalmol. Vis. Sci. 2012, 53, 5579-5583. [CrossRef] [PubMed]

Lim, H.T;; Yoon, ].S.; Hwang, S.S.; Lee, S.Y. Prevalence and associated sociodemographic factors of myopia in Korean chil-
dren: The 2005 third Korea National Health and Nutrition Examination Survey (KNHANES III). Jpn. J. Ophthalmol. 2012, 56,
76-81. [CrossRef]

Lin, L.L.K,; Shih, Y.F.,; Hsiao, C.K.; Chen, C.J. Prevalence of myopia in Taiwanese schoolchildren: 1983 to 2000. Ann. Acad. Med.
Singap. 2004, 33, 27-33.

Saw, S.M.; Gazzard, G.; Shih-Yen, E.C.; Chua, W.H. Myopia and associated pathological complications. Ophthalmic Physiol. Opt.
2005, 25, 381-391. [CrossRef]

Ministry of Wducation, Culture, Sports, Science and Technology-Japan. About Publication of School Health Statistics (School
Health Statistics Survey Report) in the First Year of Reiwa. Available online: https:/ /www.mext.go.jp/content/20200325-mxt_
chousa01-20200325104819_1-1-1 (accessed on 19 June 2021).

Smith, T.S.; Frick, K.D.; Holden, B.A.; Fricke, T.R.; Naidoo, K.S. Potential lost productivity resulting from the global burden of
uncorrected refractive error. Bull. World Health Organ. 2009, 87, 431-437.

Schuster, A.K.; Krause, L.; Kuchenbicker, C.; Priitz, F.; Elflein, H.M.; Pfeiffer, N.; Urschitz, M.S. Prevalence and time trends in
myopia among children and adolescents. Dtsch. Arztebl. Int. 2020, 117, 855-860.

Saw, S.M.; Chua, WH.; Hong, C.Y.; Wu, HM.; Chan, W.Y.; Chia, K.S.; Stone, R.A.; Tan, D. Nearwork in early-onset myopia.
Investig. Ophthalmol. Vis. Sci. 2002, 43, 332-339.

Fernandez-Montero, A.; Olmo-Jimenez, ] M.; Olmo, N.; Bes-Rastrollo, M.; Moreno-Galarraga, L.; Moreno-Montafiés, J.;
Martinez-Gonzalez, M.A. The impact of computer use in myopia progression: A cohort study in Spain. Prev. Med. 2015, 71,
67-71. [CrossRef]

Goss, D.A. Nearwork and myopia. Lancet 2000, 356, 1456-1457. [CrossRef]

Chuang, A.Y. How to effectively manage myopia. Taiwan . Ophthalmol. 2017, 7, 44-47. [CrossRef] [PubMed]

Ngo, C.; Saw, S.M.; Dharani, R.; Flitcroft, I. Does sunlight (bright lights) explain the protective effects of outdoor activity against
myopia? Ophthalmic Physiol. Opt. 2013, 33, 368-372. [CrossRef] [PubMed]

Dolgin, E. The myopia boom. Nature 2015, 519, 276-278. [CrossRef]

Rose, K.A.; Morgan, 1.G.; Ip, J.; Kifley, A.; Huynh, S.; Smith, W.; Mitchell, P. Outdoor activity reduces the prevalence of myopia in
children. Ophthalmology 2008, 115, 1279-1285. [CrossRef] [PubMed]

Sherwin, J.C.; Reacher, M.H.; Keogh, R.H.; Khawaja, A.P.; Mackey, D.A.; Foster, PJ. The association between time spent
outdoors and myopia in children and adolescents: A systematic review and meta-analysis. Ophthalmology 2012, 119, 2141-2151.
[CrossRef] [PubMed]

Pérssinen, O.; Lyyra, A.L. Myopia and myopic progression among schoolchildren: A three-year follow-up study. Investig.
Ophthalmol. Vis. Sci. 1993, 34, 2794-2802.

Mutti, D.O.; Mitchell, G.L.; Moeschberger, M.L.; Jones, L.A.; Zadnik, K. Parental myopia, near work, school achievement, and
children’s refractive error. Investig. Ophthalmol. Vis. Sci. 2002, 43, 3633-3640.

Jones, L.A.; Sinnott, L.T.; Mutti, D.O.; Mitchell, G.L.; Moeschberger, M.L.; Zadnik, K. Parental history of myopia, sports and
outdoor activities, and future myopia. Investig. Ophthalmol. Vis. Sci. 2007, 48, 3524-3532. [CrossRef]

Ministry of Education. Fact-Finding Report on Children’s Learning Activities Outside of School. Available online: https://www.
mext.go.jp/b_menu/houdou/20/08/08080710/001.pdf (accessed on 19 June 2021).

Tokyo Metropolitan Board of Education. Reiwa 2nd Year Public School Statistical Survey Report [Career Status Survey of Public
School Graduates (1st Year of Reiwa)]. Available online: https:/ /www.kyoiku.metro.tokyo.lg.jp /administration/statistics_and_
research/career_report/files/report2020 /houkokusyo-sotsugo02.pdf (accessed on 19 June 2021).

Singh, N.K.; James, R.M.; Yadav, A.; Kumar, R.; Asthana, S.; Labani, S. Prevalence of myopia and associated risk factors in
schoolchildren in North India. Optom. Vis. Sci. 2019, 96, 200-205. [CrossRef]

Morgan, I.G.; Ohno-Matsui, K.; Saw, S.M. Myopia. Lancet 2012, 379, 1739-1748. [CrossRef]

Leo, S.W.; Young, T.L. An evidence-based update on myopia and interventions to retard its progression. J. Am. Assoc. Pediatric
Ophthalmol. Strabismus 2011, 15, 181-189. [CrossRef] [PubMed]

Bourne, R.R,; Stevens, G.A.; White, R.A.; Smith, J.L.; Flaxman, S.R.; Price, H.; Jonas, ].B.; Keeffe, J.; Leasher, J.; Naidoo, K.; et al.
Causes of vision loss worldwide, 1990-2010: A systematic analysis. Lancet Glob. Health 2013, 1, e339-e349. [CrossRef]

Cui, D,; Trier, K.; Munk Ribel-Madsen, S. Effect of day length on eye growth, myopia progression, and change of corneal power
in myopic children. Ophthalmology 2013, 120, 1074-1079. [CrossRef]

Li, M,; Lanca, C.; Tan, C.S.; Foo, L.L.; Sun, C.H.; Yap, F; Najjar, R.P; Sabanayagam, C.; Saw, S.M. Association of time outdoors and
patterns of light exposure with myopia in children. Br. ]. Ophthalmol. 2021. [CrossRef]


https://www.who.int/blindness/causes/MyopiaReportforWeb.pdf?ua=1&ua=1
https://www.who.int/blindness/causes/MyopiaReportforWeb.pdf?ua=1&ua=1
http://doi.org/10.1016/j.survophthal.2017.03.006
http://www.ncbi.nlm.nih.gov/pubmed/28359704
http://doi.org/10.1167/iovs.12-10106
http://www.ncbi.nlm.nih.gov/pubmed/22836765
http://doi.org/10.1007/s10384-011-0090-7
http://doi.org/10.1111/j.1475-1313.2005.00298.x
https://www.mext.go.jp/content/20200325-mxt_chousa01-20200325104819_1-1-1
https://www.mext.go.jp/content/20200325-mxt_chousa01-20200325104819_1-1-1
http://doi.org/10.1016/j.ypmed.2014.12.005
http://doi.org/10.1016/S0140-6736(00)02864-6
http://doi.org/10.4103/tjo.tjo_24_17
http://www.ncbi.nlm.nih.gov/pubmed/29018754
http://doi.org/10.1111/opo.12051
http://www.ncbi.nlm.nih.gov/pubmed/23662968
http://doi.org/10.1038/519276a
http://doi.org/10.1016/j.ophtha.2007.12.019
http://www.ncbi.nlm.nih.gov/pubmed/18294691
http://doi.org/10.1016/j.ophtha.2012.04.020
http://www.ncbi.nlm.nih.gov/pubmed/22809757
http://doi.org/10.1167/iovs.06-1118
https://www.mext.go.jp/b_menu/houdou/20/08/08080710/001.pdf
https://www.mext.go.jp/b_menu/houdou/20/08/08080710/001.pdf
https://www.kyoiku.metro.tokyo.lg.jp/administration/statistics_and_research/career_report/files/report2020/houkokusyo-sotsugo02.pdf
https://www.kyoiku.metro.tokyo.lg.jp/administration/statistics_and_research/career_report/files/report2020/houkokusyo-sotsugo02.pdf
http://doi.org/10.1097/OPX.0000000000001344
http://doi.org/10.1016/S0140-6736(12)60272-4
http://doi.org/10.1016/j.jaapos.2010.09.020
http://www.ncbi.nlm.nih.gov/pubmed/21596297
http://doi.org/10.1016/S2214-109X(13)70113-X
http://doi.org/10.1016/j.ophtha.2012.10.022
http://doi.org/10.1136/bjophthalmol-2021-318918

Int. J. Environ. Res. Public Health 2021, 18, 12440 90f9

31.

32.

33.
34.

35.

36.

Makin, R.D.; Argyle, D.; Hirahara, S.; Nagasaka, Y.; Zhang, M.; Yan, Z.; Kerur, N.; Ambati, J.; Gelfand, B.D. Voluntary exercise
suppresses choroidal neovascularization in mice. Investig. Ophthalmol. Vis. Sci. 2020, 61, 52.

Guggenheim, J.A.; Pourcain, B.S.; McMahon, G.; Timpson, N.J.; Evans, D.M.; Williams, C. Assumption-free estimation of the
genetic contribution to refractive error across childhood. Mol. Vis. 2015, 21, 621-632. [PubMed]

Morgan, I.; Rose, K. How genetic is school myopia? Prog. Retin. Eye Res. 2005, 24, 1-38. [CrossRef]

Jiang, X.; Kurihara, T.; Torii, H.; Tsubota, K. Progress and control of myopia by light environments. Eye Contact Lens. 2018, 44,
273-278. [CrossRef]

Torii, H.; Ohnuma, K.; Kurihara, T.; Tsubota, K.; Negishi, K. Violet light transmission is related to myopia progression in adult
high myopia. Sci. Rep. 2017, 7, 14523. [CrossRef] [PubMed]

Jiang, X.; Pardue, M.T,; Mori, K.; Ikeda, S.I; Torii, H.; D’Souza, S.; Lang, R.A.; Kurihara, T.; Tusbota, K. Violet light suppresses
lens-induced myopia via neuropsin (OPN5) in mice. Proc. Natl. Acad. Sci. USA 2021, 118, €2018840118. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/26019481
http://doi.org/10.1016/j.preteyeres.2004.06.004
http://doi.org/10.1097/ICL.0000000000000548
http://doi.org/10.1038/s41598-017-09388-7
http://www.ncbi.nlm.nih.gov/pubmed/29109514
http://doi.org/10.1073/pnas.2018840118
http://www.ncbi.nlm.nih.gov/pubmed/34031241

	Introduction 
	Materials and Methods 
	Participants and the Super Diet Education (Shokuiku) Project 
	Questionnaire 
	Sports Clubs and Cram Schools 
	Use of Glasses 
	Statistical Analyses 

	Results 
	Discussion 
	Main Results 
	Relationship between Wearing Glasses and Attending Sports Clubs and Cram Schools 
	Limitations 

	Conclusions 
	References

