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Precis

Attending cram school more than 2 hours/day, may increase the risk of incident myopia in children.
This suggests the potential for reducing incident myopia by lessening near visual workload or by

increasing time outdoors.
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The associations between near visual activity and incident myopia in children: A nationwide 4-

year follow-up study

Abstract

Objective: This nationwide population-based study aimed to examine the prospective association

between near visual activities and incident myopia in Taiwanese children aged 7-12 years old over a

4-year follow-up period.

Design: Prospective cohort design.

Participants: 1,958 children aged 7-12 years old from the Taiwan 2009 National Health Interview

Survey, which were linked to the 2009-2013 claims data from the National Health Insurance system.

Methods: Multivariable Cox proportional hazard models were used to estimate the associations

between three types of near visual activities, namely reading (< 0.5, 0.5-0.9, 1+ hour/day), use of

computer, internet and games (< 0.5, 0.5-0.9, 1+ hour/day), and ‘cram school’ attendance (< 0.5, 0.5-

2.0, 2.0+ hour/day), and incident myopia.

Main Outcome Measures: Prevalent myopia was defined as those who had at least 2 ambulatory

care claims (International Classification of Diseases, [ICD] 367.1) in 2008-2009. Incident myopia

was defined by those who had at least 2 ambulatory care claims (ICD 367.1) during the 4-year

follow-up period (2010-2013) after excluding prevalent cases.
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Results: Overall, 26.8% of children had myopia at baseline, while 27.7% of those without myopia at

baseline developed incident myopia between 2010 and 2013. On average, they spent 0.68 (£0.86)

hour/day on computer/internet use, 0.63 (£0.67) hour/day on reading and 2.78 (£3.53) hour/day on

cram school. The results showed that children attending cram schools more than 2 hour/day (hazard

ratio [HR] = 1.31; 95%CI: 1.03-1.68) had higher risk of incident myopia. The effects of these

activities remained similar in sensitivity analyses.

Conclusions: Cram school attendance more than 2 hour/day may increase the risk of children’s

incident myopia. This may be due to increased near visual activity or reduced time outdoors.

Keywords: incidence, near-sightedness, short-sightedness, elementary school, close visual activity
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Background

Myopia is one of the common disorders of the eye and the development of a high prevalence of

serious myopia increases the risk of later health problems, such as glaucoma, retinal detachment and

cataract . A recent systematic review and meta-analysis based on a pooled data from 145 studies

covering 2.1 million participants showed that the global prevalence of myopia was 28.3% in 2010.

This figure is projected to increase rapidly from 34.0% in 2020 to 39.9% in 2030 and reach 49.8% in

2050 2. Although the increasing prevalence of myopia has already been observed in some countries,

regional differences were evident. In 2010, the prevalence in East Asia (47.0%) was significantly

higher than those in North America (34.5%) and Western Europe (28.5%). Countries in East and

Southeast Asia such as China, Japan, South Korea, Singapore and Taiwan have been gripped by an

unprecedented rise in myopia 4. Another systematic review and meta-analysis indicated that

increasing time spent outdoors could be a simple behavioral change strategy for reducing the risk of

developing myopia in childhood -7, but it is still unclear whether other modifiable behavioral risk

factors are associated with incident myopia.

Children spend large amounts of time in games on smart phones, tablet computers and PCs,

reading, and cram schools (also known as tutorial or coaching schools) 8, all of which involve close

visual work °. Whether near work is a risk factor for the development of myopia in children has

received attention in recent years. A systematic review and meta-analysis documented inconsistent



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

conclusions and heterogeneity across 14 studies (11 cross-sectional and 3 cohort studies), suggesting

more prospective cohort studies are needed to verify the relationships between near visual activities

and incident myopia '°. To date, among the seven prospective cohort studies, only two reported that

more time spent in near visual work could increase the risk of myopia incidence !!-12; others revealed

no association !3-16, Besides, these cohort studies may have suffered from methodological limitations

such as a short follow-up period '® 17, high rates of participant attrition '!- 13- 14 low precision in

determining the onset time of myopia '3, and a small !¢ or non-representative samples !> 13,

To address these issues and strengthen the evidence base and inform school policy, the

present investigation extends these findings by prospectively studying a national sample of young

children aged 7-12 years old at baseline, and including assessments of a range of near visual

activities, over 4 years of follow-up. Thus, this nationwide population-based study aimed to examine

the prospective association between near visual activities and incident myopia in Taiwanese children.

We also included potentially confounding factors (i.e. outdoor leisure activities) in multivariable

analyses and conducted sensitivity analyses to test for the robustness of the findings.

Methods

Study design and sample

This was a prospective cohort study involving participants aged 7-12 in the Taiwan 2009

5
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National Health Interview Survey who were linked to the 2008-2013 claims data from the National

Health Insurance system. The 2009 National Health Interview Survey comprised 25,636 participants

(under 12=3,531; 12-64=19,201; 65+= 2,904; overall response rate =84.0%), and was conducted by

the National Health Research Institutes and Bureau of Health Promotion Administration, Ministry of

Health and Welfare in Taiwan. Participants were selected using multistage stratified systematic

sampling design to select a nationally representative sample '3.

In 2009, 2,085 children aged 7-12 participated in the National Health Interview Survey.

Information about children was obtained using face-to-face interviews with an adult proxy

respondent (i.e. mother: 70.3%, father: 21.7%, and others: 8%) familiar with the child’s health.

Among them, 1,958 (93.9%) respondents provided the consent to link the children’s claims data

from the National Health Insurance program. The National Health Insurance program is compulsory

for all citizens starting from birth (coverage rate = 99.6% of the total population 23.1 million in 2009)

Ethical approval for this study was obtained from Taipei City Hospital Institutional Review

Board, Taiwan (reference number: TCHIRB-10404118-W).To ensure adequate data protection, all

data access and statistical analyses were conducted in the Health and Welfare Data Science Center,

Ministry of Health and Welfare, Taiwan.
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Measures

Outcome variable: Myopia

Based on the claims data from the National Health Insurance Research Database in 2008-2013,

prevalent myopia was defined as those who had at least 2 ambulatory care claims (International

Classification of Diseases, Ninth Revision, Clinical Modification, [ICD-9-CM] as ICD 367.1) in

2008-2009. Incident myopia was defined by those who had at least 2 ambulatory care claims during

the 4-year follow-up period (2010-2013) after excluding prevalent cases. According to the

Implementation Regulations Governing Health Examinations to Elementary and Junior High School

Students in Taiwan 20, at the beginning of each academic year (from September of one year to June

of the next year), the annual vision screening was conducted in the school. Parents whose child (aged

7 or older) failed the vision screening were required by the school to take their child to a local eye

clinic for regular eye examinations. It is compulsory that documentation of the examination signed

by an ophthalmologist is submitted to the school health center. The nationwide completion rate for

receiving clinical evaluation was approximately 95% in the school year 2003 2.

Exposure variables: Near visual activities

Time spent in three types of near visual activities during both weekdays and weekend days were

assessed, including reading (including read a book, magazine, comic, and story), use of computer,
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internet and games, and cram school attendance (including doing homework, assignments, and

examinations). Cram schools are a common way of enhancing academic learning in Taiwan, and

involve attendance at private classes outside the regular school system in the evening or at weekends.

Each type of activity was assessed using the following questions: ‘On average, during a weekday

(Monday - Friday), how many hours/minutes in a day do you engage in this activity?” and ‘On

average, during a weekend (Saturday - Sunday), how many hours/minutes in a day do you engage in

this activity?’” The average time engaging in each type of activity per day was computed as follows:

(5x1 weekdays + 2x1 weekend day)/7, which were categorized into three groups (reading: < 0.5, 0.5-

0.9, 1+ hour/day; use of computer, internet and games: < 0.5, 0.5-0.9, 1+ hour/day; and cram school

attendance: < 0.5, 0.5-2.0, 2.0+ hour/day), based on previous studies > 23, The content validity of all

of the items in National Health Interview Survey was reviewed by expert panels. The whole

questionnaire was then examined twice in pilot testing '8. The research team undertook a sub-study

to further assess the reliability and validity of the measure among 49 elementary school students

(male/female=29/20, mean age= 10.24+0.43) and their caregivers in Taiwan. The results of 3-day

test-retest reliability and concurrent validity are shown in Appendix Table S1, demonstrating the

psychometric properties of these measures are adequate. Test-retest reliability of the time spent in

near visual activities with a 3-day interval was examined using Pearson’s correlation ranged between

0.76 and 0.95 (p-value <0.001) and paired-samples t-tests (all p-values > 0.05). Concurrent validity

8
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showed that Pearson’s correlation coefficients between time spent in near visual activities self-
reported by children and their parents/caregivers, demonstrating a high correlation (.72-.85) between

the two groups. This provides some evidence of reliability and validity of these measures.

Covariates

Based on previous literature 4 %24, the following potentially relevant factors were included as
covariates: (1) socio-demographic factors: sex, age (4-6, 7-8, 9-10, 11-12 years old), parents’
education level (junior high school or below, senior high school, and college above), household
monthly income (US dollar) (< 1000, 1000-1666, 1666-2333, and 2333+), and urbanization (urban,
suburban, and rural); (ii) outdoor leisure (session/week) (<1, 1-2, 3-5, and 6+); (iii) TV viewing (<2,
2-2.9, 3+ hour/day); (iv) Number of other eye disorders (0 vs. 1+): Including strabismus, amblyopia,
color-blindness, astigmatism, retinal diseases, and hypermetropia, which were measured by the items

of National Health Interview Survey.

Data analysis

Descriptive statistics for prevalent and incident myopia were calculated first to characterize the
sample structure. Chi-square tests were utilized to test for group differences in percentage of each
group of near visual activities and covariates. Previous research indicated that the use of

conventional level (p value = 0.05) may fail to identify variables known to be important. Covariates

9
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with a p value <0.25 were included in the subsequent regression models for adjustment °.

Means and SDs for time spent in different types of near visual activities were calculated

separately for age groups. One-way ANOVA was utilized to explore age group differences.

A multivariable logistic regression model was computed to assess the associations between near
visual activities and prevalent myopia (Model 1). Multivariable Cox proportional hazard models
were analyzed to address the prospective associations between near visual activities at baseline and

incident myopia (Model 2).

To assess the potential problems of confounding and under-diagnosed myopia, two sensitivity
analyses were conducted. Firstly, given that participants with more eye disorders might be at high
risk of myopia and also be less likely to engage in outdoor physical activities and near visual work,
the inclusion of these subjects may influence the near visual activity-incident myopia relationships.
The Cox regression was therefore repeated after excluding those who had any other eye disorders
(Model 3). Secondly, previous research based on Taiwan insurance claim data found that some
physicians may categorize myopia diagnosis using ICD 367 instead ICD 367.1. Therefore, restricting
the diagnoses to 367.1 were likely to underestimate a number of children with myopia ?!. To mitigate
the potential bias of under-diagnosis, the Cox regression was therefore repeated based on the study

sample with the selection criterion of ICD 367 (Model 4).

10
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All analyses were conducted using SAS 9.4 software and a p value < 0.05 was considered

statistically significant.

Results

Characteristics of prevalent and incident myopia

Table 1 shows characteristics of prevalent (2009) and incident (2010-2013) myopia in Taiwanese

children at baseline. Overall, 26.8% of children had myopia at baseline, while 27.7% of those

without myopia at baseline developed incident myopia between 2010 and 2013. At baseline, chi-

square tests show that children who had myopia in 2009 were more likely to be age 11-12 years,

have fathers and mothers with college or higher degree, higher household income, lived in urban

areas. They were also more likely to have more reading time, and attending more cram schooling.

They were more likely to watch TV relatively little (< 2 hour/day) and engaged in less outdoor

leisure activity and were more likely to have other eye disorders. Participants who had incident

myopia in 2010-2013 tended to be younger, lived in urban areas, and have fathers or mothers with

college or higher degrees, and enjoy a higher household monthly income. They spent more time in

reading and attending cram schools.

Patterns of different types of near visual activities by age groups

11



170  Patterns of different types of near visual activities stratified by age groups are shown in Table 2.

171  Among the three types of close visual work, school children spent the largest amount of time in

172 attending cram school, followed by computer/internet and reading. With the exception of reading, it

173 seems that time spent in cram school and computer/internet increase with age among elementary

174  school children.

175  Associations between near visual activity and prevalent myopia

176  After adjusting for potential confounders, multivariable logistic regression analyses (model 1 in

177  Table 3) showed that children who read more (0.5-0.9 hour/day: odds ratio (OR) = 1.28, p=0.006;

178  more than 1 hour/day: OR = 1.43, p=0.020), and spent more than 2 hour/day in cram school

179  (OR=1.65, p<0.001), were more likely to have prevalent myopia.

180

181  Associations between near visual activities and incident myopia

182  As model 2 in Table 3, Cox regression analyses showed that after covariates had been taken into

183  account, children who attended cram schools more than 2 hour/day were at increased risk of incident

184  myopia (HR=1.31, p=0.030). Similar results were observed in sensitivity analyses in model 3 and

185  model 4 after excluding participants with other eye disorders at baseline and using ICD367 for

186  myopia respectively. However, the relationship between incident myopia and reading was weaker

12
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than those with cram school attendance. The relationship between incident myopia and reading (0.5-

0.9 hour/day) was a borderline significance across the model 2-4 (p = 0.045-0.052). In contrast, use

of computer/internet was not related to incident myopia in each model.

Discussion

This study fills the gap in the literature by using a nationally representative sample with a longer

follow-up period than previous research, having low rates of loss to follow-up because of the use of

ambulatory care claims data from the National Health Insurance Research Database. This nationwide

4-year follow-up study revealed that the association of different types of near visual activities on

incident myopia may be distinct. Among three types of close visual work, school children attending

cram school more than 2 hours a day may have a higher risk of incident myopia. In contrast, the

association strength between time spent in reading and incident myopia is weak, and only marginally

significant. Use of computer, internet and games is not related to incident myopia. The prospective

results were verified when adjusting for underlying covariates, including baseline socio-demographic

factors and outdoor leisure activities. Sensitivity analyses also supported the stability of these

findings.

13
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This study demonstrates that close visual work, especially cram school attendance exceeding 2

hours/day, is positively associated with higher risks of developing myopia in children, supporting the

findings of previous cohort studies !°. This is consistent with earlier findings of a cohort study .

Notably, time spent in cram school (2.78 hours/day) is much higher than those spent in reading (0.63

hour/day) and use of computer/internet and games (0.68 hour/day). This may partially account for

why the association of cram school attendance is stronger than those with reading and usage of

computer/internet and games in school children in Taiwan. However, the underlying mechanism

linking cram schooling and incident myopia remains unclear.

Like many newly industrialized countries in Asia, most families in Taiwan are nuclear with few

children. Given busy work schedules, most dual-earner parents are not able to pick up children from

school in time. Moreover, although parents sometimes do not provide help with children’s

homework after work, they expect their children to be academically successful. Therefore,

enhancement of academic performance, especially in mathematics, science, and English courses,

could potentially be another key reason why cram schools are prevalent in Taiwan and other Asian

countries 227, It is possible that prolonged time spent in near visual work for homework,

assignments, and examinations at cram school may bring heavy pressure and hinder outdoor physical

play, which has been recognized as an underlying factor of myopia. It may be important for cram

schools to reduce the time spent in near visual activities and increase outdoor activities in order to

14
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help prevent incident myopia. This strategy requires further investigation through intervention

studies.

A major strength of our study is conducted based on a nationally representative sample with a

prospective design, thus strengthening the evidence base with in greater generalizability. Second, the

data from large-scale health surveys was cross-linked with a national health insurance database with

more than 99% coverage nationwide. As the participation rate was high in the Taiwan National

Health Interview Survey (approximately 84% in 2009), the possibility of selection bias is small.

Finally, based on school health regulations of Taiwan, eye examinations are required for every

school child in elementary and junior high schools in each semester. Thus, the outcome variable —

incident myopia based on medical records is less likely to have been underestimated or diagnosed

with a delay. However, this approach may not work in other countries.

Despite of these strengths, several limitations of the present study should be also considered.

First, the measures of close visual work, including reading, use of computer, internet and games, and

cram school attendance, were self-reported, so could be subject to bias. In addition, these items have

not been validated against external objective measurements. Moreover, using baseline questionnaire

information alone but not annual information for close visual work might also result in bias. Second,

this study used claim data as a measure of myopia, which cannot be used to assess the severity of

15
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myopia. Future studies should consider to examine the associations between close visual work and

incidence of high myopia. Nevertheless, the systematic regime of school-based monitoring of vision

problems in Taiwan may ensure the validity and minimize the problem of using claim data for

myopia. Finally, a potential confounder — outdoor activity, was assessed using sessions but not exact

duration. Furthermore, outdoor brightness was also not considered in the present study. This

limitation may partly explain why outdoor leisure activity was not a significant predictor of incident

myopia in the current study.

In summary, this study expands our understanding of how time spent in different type of near

visual activity is related to incident myopia in school children. It presents evidence that cram school

attendance for more than 2 hour/day may increase the risk of incident myopia in children. Notably,

time spent in cram school increases with age among elementary school children. Greater time spent

in cram schooling may increase the amount of near visual activity and at the same time deprive

children of time outdoors. These issues warrant further study.
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Table 1 Characteristics of prevalent and incident myopia in Taiwanese children at baseline

(Taiwan, 2009-2013)

Prevalence (2009) Incidence (2010-2013)
Variables in 2009 n (%) p for > n % p for >
Socio-demographic
Sex 0.325 0.457
Male 970 27.8 700 28.6
Female 986 25.9 731 26.8
Age <0.001 <0.001
7-8 (Grade 1-2) 567 12.0 499 34.5
9-10 (Grade 3-4) 666 29.1 472 28.6
11-12 (Grade 5-6) 723 36.4 460 19.4
Father’s educational level <0.001 <0.001
Junior high school or below 504 18.7 410 222
Senior high school 825 26.8 604 26.3
College+ 600 33.7 398 354
Mother’s educational level <0.001 <0.001
Junior high school or below 393 18.3 321 19.9
Senior high school 974 274 707 26.3
College+ 548 32.5 370 36.2
Household monthly income <0.001 <0.001
<1000 (US dollars) 439 17.5 362 21.3
1000-1666 546 24.7 411 25.8
1666-2333 413 32.0 281 33.5
2333+ 481 33.5 320 33.8
Urbanization <0.001 0.325
Urban 309 32.0 210 29.1
Suburban 1364 27.4 990 28.3
Rural 255 18.0 209 234
Near visual work
Computer/internet/video game 0.664 0.919
< 0.5 (hr/day) 996 26.2 735 28.2
0.5-0.9 416 27.6 301 26.9
1+ 513 28.3 368 27.7
Reading <0.001 <0.001



< 0.5 (hr/day)
0.5-0.9
1+
Cram school attendance
< 0.5 (hr/day)
0.5-2.0
2.0+
Lifestyle behaviors
TV watching
< 2 (hr/day)
2-29
3+
Frequency of outdoor leisure
<1 (sessions/week)
1-2
3-5
6+
Health Status
No. of other eye disorders
0
1+

905
528
490

675
259
960

625
540
757

506
735
269
443

1481
473

23.1
31.3
30.0

15.9
27.8
34.5

35.5
28.9
18.9

26.7
31.7
24.2
20.8

20.6
46.5

<0.001

<0.001

<0.001

<0.001

696
363
343

568
187
629

403
384
614

371
502
204
351

1176
253

23.7
34.7
28.6

23.8
30.5
30.2

27.8
30.0
26.4

29.1
28.5
25.5
26.5

28.9
22.1

0.029

0.473

0.735

0.029




Table 2 Average activity hours per day (mean + SD) by age groups (Taiwan, 2009-2013)

Age groups Computer/internet Reading Cram school
1.7-8 0.41+0.64 0.65+0.71 2.29+3.49
2.9-10 0.70+0.85 0.64+0.65 2.84+3.54
3.11-12 0.86+0.96 0.60+0.66 3.10+3.50
Total 0.68+0.86 0.63£0.67 2.7843.53
sample

p-value? <0.001 0.240 0.001




Table 3 Multivariable Logistic and Cox regression analyses for the effects of different types of close work on prevalent and incident myopia
(Taiwan, 2009-2013)

Model 1 (n=1956) Model 2 (n=1431) Model 3 (n=1176) Model 4 (n=1077)

Types of close work 2009 Prevalent myopia 2010-13 Incident myopia 2010-13 Incident myopia 2010-13 Incident myopia

ORs 95% CI  P-value HRs 95%CI  P-value HRs 95%CI P-value HRs 95% CI P-value

Computer/internet/video game

< 0.5 (hr/day) 1.00 1.00 1.00 1.00

0.5-0.9 0.79  0.58-1.06 0.120 1.00 0.76-1.31 0981 1.04 0.77-1.40 0.807 1.06 0.81-1.39  0.661

1+ 1.05  0.78-1.40 0.761 1.14  0.89-1.48 0306 124 095-1.63 0.114 1.12 0.87-1.43  0.381
Reading

< 0.5 (hr/day) 1.00 1.00 1.00 1.00

0.5-0.9 1.50  1.13-1.99 0.006 1.30 1.01-1.67 0.045 1.32 1.01-1.74 0.045 1.28 1.00-1.63  0.052

1+ 1.43  1.07-1.91 0.020 1.07 0.82-1.40 0.637 1.05 0.79-1.41 0.734 1.10 0.85-1.42  0.480
Attending cram schools

< 0.5 (hr/day) 1.00 1.00 1.00 1.00

0.5-2.00 1.28  0.87-1.90 0.214 1.19 0.85-1.67 0.302 124 0.86-1.78 0.248 1.26 0091-1.75 0.166

2.0+ 1.65 1.24-2.19 <0.001 1.31 1.03-1.68 0.030 146 1.12-1.89 0.005 135 1.07-1.71  0.013

Model 1: Covariates = age, parental educational levels, household income, urbanization, TV watching and
outdoor leisure activities, and eye disorders (variables with p-values < 0.25 for incident myopia in Table 1)
Model 2: Covariates = age, parental educational levels, household income, and eye disorders (variables
with p-values < 0.25 for incident myopia in Table 1)

Model 3: sensitivity analyses excluding eye diseases

Model 4: sensitivity analyses excluding eye diseases and using ICD367





