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Highlights

What are the main findings?

e Among 10,610 Taiwanese elementary school children, myopia and measurable astig-
matism were highly prevalent. Myopia prevalence was generally higher in the upper
grades. Children living in rural and especially or extremely remote areas had better
uncorrected visual acuity than those living in urban areas. Rural children had lower
odds of myopia, whereas children in rural and especially or extremely remote areas
had higher odds of measurable astigmatism.

e  Optometry clinics were more concentrated in urban areas, and a higher density of
optometry clinics was associated with lower odds of myopia.

What are the implications of the main findings?

e  Better uncorrected visual acuity does not necessarily indicate a lower prevalence or
risk of refractive error. Comprehensive vision assessment should therefore include
refractive examinations, and school-based screening and referral services should be
strengthened, including early screening for high astigmatism.

e  Eye-care strategies should be tailored to regional needs. Remote areas may benefit
from improved access to optometric services and affordable refractive correction,
whereas urban areas may require greater emphasis on lifestyle and environmental
interventions related to myopia prevention.

Abstract

Background/Objectives: Myopia is a major global public health concern, particularly
in East Asia. Taiwan’s exceptionally high prevalence of childhood myopia provides a
valuable population model for investigating refractive development and prevention. This
study examined geographic disparities in visual acuity, refractive errors, and optometric
resources among Taiwanese elementary school children. Methods: This retrospective
nationwide study analyzed anonymized screening data from 10,610 elementary school
children collected from 2014 to 2023. Children were classified as urban, rural, remote, or
especially /extremely remote according to governmental criteria. Comprehensive vision
examinations were performed by licensed optometrists. Refraction was assessed using
autorefraction and retinoscopy without cycloplegia. Refractive errors and healthcare re-
sources were compared across regions using multivariable logistic and linear regression
analyses. Results: Myopia was present in 86.4% of male and 87.0% of female children,
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while measurable astigmatism (>0.25 D) was present in 98.4% of both sexes. High myopia
and high astigmatism affected 2.3% and 4.5% of children, respectively. Myopia prevalence
varied across grade levels and was 88.9% among sixth-grade children. Compared with ur-
ban children, those living in especially or extremely remote areas and rural areas had higher
odds of measurable astigmatism (OR = 2.81 and 1.63, respectively; p < 0.01). Rural children
had significantly lower odds of myopia, while no significant association with myopia was
observed among children living in specially or extremely remote areas. Optometry clinics
were more concentrated in urban areas, and a higher density of optometry clinics was
associated with lower odds of myopia. Conclusions: Taiwan provides a valuable model
population for understanding geographic, environmental, and healthcare-related factors
in childhood myopia. Better visual acuity does not necessarily indicate lower refractive
risk. Region-specific strategies should strengthen comprehensive screening and referral,
improve optometric access and affordable correction in remote areas, and promote lifestyle
and environmental interventions in urban settings.

Keywords: childhood myopia; geographic disparities; pediatric vision care; public health
policy; vision screening

1. Introduction

Myopia is a critical global public health concern; cases are projected to rise from
1.4 billion (22.9%) in 2000 to nearly 5 billion (49.8%) by 2050, with high myopia approaching
1billion [1]. The problem is particularly acute in East Asia, where the prevalence among school-
age children often reaches 80-90%, making myopia an epidemic-level issue [2,3]. Beyond
visual impairment, myopia and high myopia increase the risk of severe ocular pathologies
such as pathological myopia, glaucoma, cataracts, and macular degeneration [4].

Astigmatism is a common refractive error in children, with prevalence varying by
age, ethnicity, region, and diagnostic criteria [5,6]. In Taiwan, it is frequently observed
among preschool and school-aged children, predominantly as with-the-rule astigmatism [7].
Clinically significant astigmatism has been associated with amblyopia and deficits in visual
acuity, contrast sensitivity, stereoacuity, and other visual functions [8,9]. These findings
highlight the importance of school-based vision screening for identifying children with
refractive errors who may be at increased risk of visual function abnormalities and require
further ophthalmic or optometric evaluation.

In Taiwan, the prevalence of myopia among elementary school children rose signifi-
cantly between 1983 and 2017 [10]. Urbanization, academic pressure, excessive near work,
and screen time increase myopia risk, whereas outdoor activities are protective. Conse-
quently, urban children develop myopia earlier and progress faster than rural peers due
to higher academic demands and less outdoor exposure [11-14]. However, these dispari-
ties are not solely environmental; parental myopia and genetic predispositions highlight
myopia as a gene—environment interaction disease [15-17].

Outdoor activity has consistently shown a protective, dose-dependent effect: an
additional hour outdoors per day can reduce myopia risk significantly [18-22]. Yet, its
effect on slowing progression among already myopic children remains debated [21]. The
COVID-19 pandemic underscored environmental influences, as reduced outdoor time and
increased screen exposure accelerated myopia progression in schoolchildren [20,23].

Beyond lifestyle, refractive correction and healthcare access critically influence vision
outcomes. Uncorrected refractive error (URE) is a leading cause of low vision and childhood
blindness, directly impairing academic performance and mental health [24]. However,
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disparities in ophthalmic and optometric service distribution hinder timely correction,
particularly in rural or socioeconomically disadvantaged areas [25-27]. Studies in China
and India found large proportions of children with uncorrected myopia and astigmatism,
largely due to limited access and low parental awareness [27-29]. Similar gaps exist in
high-income countries: U.S. children with lapses in health insurance report higher unmet
vision needs, underscoring the necessity of sustainable, accessible care [30].

While urban-rural vision disparities are widely studied, few large-scale investigations
encompass urban, rural, and remote regions relative to medical resource density. To bridge
this gap, we analyzed data from >10,000 Taiwanese elementary students, offering novel
evidence on geographic and healthcare-related inequalities to inform future policies and
school-based interventions.

2. Materials and Methods
2.1. Study Design and Population

This retrospective study examined geographic disparities in children’s vision health
and primary eye-care resources in Taiwan. A two-stage stratified cluster sampling design
was used to ensure adequate geographic coverage and sufficient sample sizes across urban,
rural, remote, and outlying areas. Fully anonymized screening data from 10,610 elementary
school students were obtained from a vision screening program conducted between 2014
and 2023. The sampling framework was designed primarily to support comparisons across
geographic strata rather than proportional population-based sampling or year-by-year
surveillance. Approved by a regional university’s Institutional Review Board, the study
waived informed consent due to its retrospective and anonymous nature, adhering fully to
the Declaration of Helsinki.

The classification of schools in remote areas is officially determined by the Ministry
of Education under the Act for Education Development of Schools in Remote Areas and
the Standards for the Classification and Recognition of Schools in Remote Areas. Schools
are classified into three levels of remoteness: remote, especially remote, and extremely
remote. This classification is based on a multidimensional assessment rather than on a
single geographic or population-density threshold.

Participants provided basic demographic information, including gender and grade
level. Vision health assessments were conducted by qualified, licensed optometrists who
performed comprehensive eye examinations using standardized procedures. Refractive
errors were evaluated using an autorefractor; however, due to the community-based nature
of the screening, cycloplegia was not administered [31]. All measurements were further
verified by licensed optometrists using retinoscopy under standardized testing conditions.
Myopia was defined as a spherical refraction of —0.50 diopters (D) or lower, high myopia
as —5.00 D or lower, hyperopia as +2.00 D or higher, and astigmatism as a cylinder of 0.25 D
or higher, with high astigmatism defined as greater than 2.00 D [32,33]. Axial length was
measured using an optical biometer, and the presence of strabismus was assessed through
cover-uncover and Hirschberg tests.

2.2. Statistical Analysis

Descriptive statistics summarized vision parameters and healthcare resources. Refrac-
tive error prevalence and resource availability were compared between urban and rural
areas using chi-square tests for categorical variables and t-tests or ANOVA for continuous
variables. Clinic density was assigned by participants’ city of residence. Generalized Esti-
mating Equations (GEE), using an exchangeable correlation structure and robust standard
errors, accounted for within-city clustering. Multivariable GEE logistic regression assessed
factors associated with refractive errors, adjusting for age, gender, geographic location,
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and healthcare access, with results reported as ORs and 95% CIs. GEE linear regression
analyzed continuous vision outcomes, reporting 3 coefficients and 95% Cls.

3. Results

An analysis was conducted on a cohort of 10,610 elementary school students, with a
nearly balanced sex distribution of 47.9% males and 52.1% females. Fifth-grade students
accounted for the largest proportion of the sample (24.0%), followed by 3rd grade (18.9%)
and 2nd students (17.2%), whereas 1st grade students represented the smallest proportion
(12.1%). Regarding residential distribution, 45.3% of participants resided in urban areas,
32.2% in remote areas, and 22.5% in especially or extremely remote areas (Table 1). The
prevalence of myopia in at least one eye was 86.4% in males and 87.0% in females, while
high myopia was present in 2.5% of males and 2.1% of females. Using the operational
threshold of >0.25 D, measurable astigmatism was present in 98.4% of both sexes, whereas
high astigmatism was present in approximately 4.5%. Myopia prevalence was highest
in especially or extremely remote areas (90.4%), followed by urban areas (86.9%) and
remote areas (84.3%). Similarly, measurable astigmatism was most prevalent in especially
or extremely remote areas (99.2%). In contrast, high astigmatism was most prevalent in
urban areas (5.8%), followed by remote areas (3.8%) and especially or extremely remote
areas (2.8%) (Table 2, Figure 1A).

Table 1. Vision status distance Log MAR VA.

Variables N Mean SD SE p Value Tukey After Test
Gender (N = 9784)
Male 4669 0.053 0.188 0.003 0.003
Female 5115 0.042 0.179 0.003
Location (N = 9708)
Urban 4401 0.073 0.190 0.003 <0.001 urban > remote
remote 3122 0.040 0.166 0.003 urban > S-, E-remote,
S-, E-remote @ 2185 0.008 0.187 0.004 remote > S-, E-remote
Grade (N =9784)
Ist 1214 0.007 0.126 0.004 <0.001 1<2,3,4,5,6
2nd 1732 0.027 0.158 0.004 2<4,5,6
3rd 1852 0.031 0.175 0.004 3<4,5,6
4th 1179 0.059 0.188 0.005 4<6,5<6
5th 2345 0.057 0.189 0.004
6th 1462 0.102 0.232 0.006

p values were obtained using one-way ANOVA. ? S-/E-remote includes especially remote and
extremely remote areas.

The mean uncorrected distance visual acuity (Log MAR VA) exhibited significant
variation according to sex, geographic location, and grade level. Female participants
demonstrated superior visual acuity compared to their male counterparts (0.042 vs. 0.053;
p = 0.003). Children residing in urban areas presented with poorer visual acuity, is 0.073,
relative to those from rural is 0.040, and especially or extremely remote regions, is 0.008
(p < 0.001). Furthermore, visual acuity showed a progressive decline with advancing grade,
ranging from 0.007 in 1st grade to 0.102 in 6th grade (p < 0.001) (Table 1).

No statistically significant sex differences were observed in the prevalence of myopia,
high myopia, measurable astigmatism, or high astigmatism. Significant geographical
differences were observed. Myopia prevalence was highest in especially or extremely
remote areas (90.4%), followed by urban areas (86.9%) and remote areas (84.3%) (p < 0.01).
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Measurable astigmatism was also most prevalent in especially or extremely remote areas
(99.2%) and least prevalent in urban areas (97.9%) (p < 0.01). In contrast, high astigmatism
was most prevalent in urban areas (5.8%), followed by remote areas (3.8%) and espe-
cially or extremely remote areas (2.8%). Myopia prevalence also differed across grade
levels, ranging from 80.6% in Grade 1 to 89.6% in Grade 5, with a prevalence of 88.9% in
Grade 6. High myopia prevalence varied across grades, ranging from 1.4% in Grade 2 to
3.3% in Grade 6 (Table 2).

Table 2. Refractive error and related variables in terms of spherical power.

Astigmatism in Either Eye High Astigmatism in Either

Myopia in Either Eye High Myopia in Either Eye (>0.25 D) Eye (>2.00 D)
No Yes No Yes No Yes No Yes
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Gender
Male 690 (13.6) 4383 (86.4) 4947 (97.5) 126 (2.5) 80 (1.6) 4993 (98.4) 4847 (95.5%) 226 (4.5%)
Female 712 (13.0) 4783 (87.0) 5378 (97.9) 117 (2.1) 89 (1.6) 5408 (98.4) 5250 (95.5%) 247 (4.55%)
Location
urban 600 (13.1) 3992 (86.9) ** 4488 (97.7) 104 (2.3) 98 (2.1) 4495 (97.9) ** 4328 (94.2%) 265 (5.8%)
remote 556 (15.7) 2981 (84.3) 3461 (97.9) 76 (2.1) 51 (1.4) 3487 (98.6) 3403 (96.2%) 135 (3.8%)
S- & E-remote ? 223 (9.6) 2101 (90.4) 2265 (97.5) 59 (2.5) 18 (0.8) 2306 (99.2) 2259 (97.2%) 65 (2.8%)
Grade
Ist 248 (19.4) 1029 (80.6) ** 1246 (97.6) 31(24)* 22 (1.7) 1255 (98.3) 1212 (94.9%) 65 (5.1%)
2nd 299 (16.4) 1521 (83.6) 1794 (98.6) 26 (1.4) 35(1.9) 1785 (98.1) 1737 (95.4%) 83 (4.6%)
3rd 240 (12.0) 1759 (88.0) 1951 (97.6) 48 (2.4) 28 (1.4) 1972 (98.6) 1915 (95.8%) 85 (4.3%)
4th 172 (13.1) 1140 (86.9) 1282 (97.7) 30 (2.3) 19 (1.4) 1294 (98.6) 1250 (95.2%) 63 (4.8))
5th 264 (10.4) 2277 (89.6) 2487 (97.9) 54 (2.1) 32(1.3) 2509 (98.7) 2445 (96.2%) 96 (3.8%)
6th 179 (11.1) 1440 (88.9) 1565 (96.7) 54 (3.3) 33 (2.0) 1586 (98.0) 1538 (95.0%) 81 (5.0%)

2 S-remote: especially remote; E-remote: extremely remote. * p < 0.05, ** p < 0.01, tested by Chi-square test.

A Myopia in either eye B Optometry clinics per 10,000 C General clinics per 10,000
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Figure 1. Myopia in either eye and clinic density by rurality class. (A) Myopia in either eye prevalence
compared with rurality class. (B) Optometry clinics density compared with rurality class. (C) General
clinics density compared with rurality class. * p < 0.05.

Healthcare resource distribution varied across regions. Urban areas had the highest
average numbers of optometry and general clinics (259 and 872, respectively), followed
by remote (195 and 668) and S- & E-remote areas (170 and 623). Optometry clinic density
per 10,000 persons was also highest in urban areas (1.43 £ 0.28), followed by remote
(1.34 £ 0.18) and S- & E-remote areas (1.30 £ 0.21). In contrast, general clinic density was
highest in S- & E-remote areas (5.01 % 0.38), followed by urban (4.93 £ 0.93) and remote
areas (4.75 £ 0.65).

Logistic regression analyses showed significant geographical differences in refractive
errors. Compared with urban children, those living in especially or extremely remote areas
had higher odds of measurable astigmatism (OR = 2.81, p < 0.01) and lower odds of high
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astigmatism (OR = 0.47, p < 0.01), whereas their odds of myopia did not differ significantly.
Children living in remote and rural areas had lower odds of myopia (OR = 0.68, p < 0.01),
higher odds of measurable astigmatism (OR = 1.63, p < 0.01), and lower odds of high
astigmatism (OR = 0.64, p < 0.01). No significant sex differences were observed for any
refractive error. Compared with Grade 1, children in Grades 2-6 had higher odds of myopia,
with the highest OR observed in Grade 5 (OR = 1.74, p < 0.01). Grade 6 students also had
higher odds of high myopia (OR = 1.54, p < 0.05). Point estimates for high astigmatism
were below 1.0 for Grades 2—-6 compared with Grade 1; however, the statistical significance
of these associations varied across grades. A higher density of optometry clinics was
associated with lower odds of myopia (OR = 0.62, p < 0.05), whereas a higher density of
general clinics was associated with higher odds of myopia (OR =2.10, p < 0.01) (Table 3;
Figure 1B,C).

Table 3. Logistic regression analysis primary healthcare and refraction error in children.

Myopia High Myopia Astigmatism High Astigmatism
Variables OR 95% CI OR 95% CI OR 95% CI OR 95% CI
S- & E-remote and rural 0.96 0.76-1.22 1.06 0.78-1.46 2.81 1.66-4.76 ** 0.47 0.36-0.64 **
Remote and rural 0.68 0.58-0.81 ** 0.92 0.70-1.22 1.63 1.14-2.32** 0.64 0.50-0.77 **
urban 1 1 1 1
Female 1.12 0.96-1.30 0.84 0.67-1.06 0.98 0.72-1.33 1 0.83-1.20
Male 1 1 1 1
Grade 6 1.57 1.19-2.07 ** 1.54 1.01-2.36 * 0.86 0.50-1.51 0.9 0.66-1.31
Grade 5 1.74 1.35-2.25 ** 1.07 0.70-1.62 1.35 0.77-2.35 0.71 0.52-1.01 **
Grade 4 1.53 1.15-2.04 ** 1.12 0.70-1.80 1.17 0.63-2.18 0.93 0.66-1.37
Grade 3 1.48 1.15-1.91 ** 1.01 0.65-1.58 1.13 0.64-2.01 0.86 0.61-1.22
Grade 2 1.31 1.02-1.69 * 0.71 0.44-1.16 0.83 0.48-1.43 0.97 0.69-1.37
Grade 1 1 1 1 1
Optometry clinics Per 10,000 0.62 0.41-0.96 * 0.76 0.36-1.58 0.98 0.37-2.55 0.92 0.77-1.09
General clinics Per 10,000 2.1 1.83-2.41 ** 1.12 0.89-1.40 1.16 0.88-1.54 1.24 0.70-2.23

OR = odds ratio; CI = confidence interval. Reference categories were urban area, male, and Grade 1
for geographic location, sex, and grade level, respectively. * p < 0.05, ** p < 0.01.

Multivariable GEE linear regression analysis showed that, compared with children
living in urban areas, those living in remote and rural areas (3 = —0.032, p < 0.001) and
especially or extremely remote areas (3 = —0.053, p < 0.001) had lower distance LogMAR
VA values, indicating better visual acuity. Female students also had lower LogMAR VA
values than males (3 = —0.013, p < 0.001). Compared with Grade 1, higher grade levels
were associated with higher LogMAR VA values, indicating poorer visual acuity, with the
largest difference observed in Grade 6 (3 = 0.093, p < 0.001). A higher density of optometry
clinics was associated with higher LogMAR VA values (3 = 0.071, p < 0.001), whereas a
higher density of general clinics was associated with lower LogMAR VA values (3 = —0.024,
p <0.001) (Table 4).

Table 4. Regression analysis of primary healthcare and children’s vision, dependent variable: distance
LogMAR VA.

Variables Beta SE p Value
Constant 0.055 0.014 0.000 **

S- & E-remote and rural —0.053 0.005 0.000 **
Remote and rural —0.032 0.004 0.000 **
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Table 4. Cont.

Variables Beta SE p Value
Urban 0
Female —0.013 0.004 0.000 **
Male 0
Grade 6th 0.093 0.007 0.000 **
Grade 5th 0.052 0.005 0.000 **
Grade 4th 0.052 0.007 0.000 **
Grade 3rd 0.031 0.005 0.000 **
Grade 2nd 0.029 0.005 0.000 **
Grade 1st 0
Optometry clinics Per 10,000 0.071 0.011 0.000 **
General clinics Per 10,000 —0.024 0.004 0.000 **

S-remote: especially remote; E-remote: extremely remote. Reference categories were urban area, male,
and Grade 1 for geographic location, sex, and grade level, respectively. ** p < 0.01.

4. Discussion

Taiwanese elementary school students exhibited a high prevalence of refractive errors,
with myopia affecting approximately 86.7% and measurable astigmatism, defined using
the study’s operational threshold of >0.25 D, present in 98.4%. The high prevalence of
myopia is consistent with previous evidence demonstrating a substantial increase in school-
age myopia in Taiwan between 1983 and 2017 [10], and with the broader global trend
toward increasing childhood myopia [1]. A previous Taiwanese study published in 2004
also reported an association between astigmatism prevalence and myopia [34]. The high
prevalence of measurable astigmatism observed in the present study should be interpreted
in the context of the relatively sensitive operational threshold of >0.25 D. Previous epi-
demiological studies have used varying thresholds for childhood astigmatism, including
>0.50, >0.75, and >1.00 D. Accordingly, the absolute prevalence reported in our study
should not be directly compared with estimates derived using more restrictive definitions.
Our primary interest was the relative geographic distribution of astigmatic magnitude
within a consistently assessed population rather than the estimation of clinically significant
astigmatism based on a universal cutoff. Nevertheless, higher degrees of refractive error
remain clinically important, as high myopia is associated with ocular complications, while
substantial astigmatism in childhood has been associated with amblyopia and impaired
visual function [4,8,9].

Therefore, in this study, we examined demographic, geographical, and healthcare-
related factors associated with visual outcomes. A notable finding was that schoolchildren
in remote areas had better uncorrected visual acuity than their urban counterparts. How-
ever, children in remote and rural areas had lower odds of myopia, whereas no significant
association with myopia was observed among children living in especially or extremely
remote areas. In contrast, children in both remote and rural and especially or extremely
remote areas had higher odds of measurable astigmatism. This apparent discrepancy
between uncorrected visual acuity and refractive error may reflect factors not directly as-
sessed in the present study, including regional differences in access to refractive correction,
spectacle availability, and adherence to spectacle use. From a clinical optometry perspective,
refractive errors in underserved areas may be more likely to remain underdiagnosed [29]
or uncorrected [28]. Previous studies have suggested that limited healthcare resources and
lower parental awareness may contribute to these disparities [25].
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This difference between visual performance and refractive error highlights the impor-
tance of using multiple indicators to assess children’s visual health.

In addition, high educational pressure [17], long hours of close work, and urban
environments with limited outdoor activities are closely related to the development of
myopia [13]. It is speculated that these may be the reasons why urban schoolchildren in
this study have poorer vision than rural schoolchildren. These data not only highlight the
severity of the visual health challenges faced by this group but also highlight the need to
develop a comprehensive strategy that combines clinical optometry with public health
policies in vision care.

Myopia prevalence differed across grade levels, although the pattern was not mono-
tonic. Because this study was cross-sectional and did not follow the same children over
time, these grade-related differences should not be interpreted as temporal progression or
as evidence of an emerging myopia epidemic among younger Taiwanese children. Mod-
est differences across grades may also have been influenced by sample composition or
sampling variability. Similarly, high astigmatism prevalence varied modestly across grade
levels without a clear monotonic trend. This pattern may be consistent with the possibility
that high astigmatism is influenced, at least in part, by congenital and early developmental
factors [34]; however, this mechanism could not be directly evaluated in the present study.
Clinically, early refractive assessment and timely correction may help reduce the risk of vi-
sual impairment associated with high astigmatism. From a public health perspective, these
findings support the importance of incorporating early vision screening and appropriate
refractive assessment into preschool health programs.

While refractive error prevalence did not differ by sex, girls exhibited slightly better
visual acuity. Spectacle use and adherence were not recorded in the present study, and the
mechanisms underlying this difference therefore could not be determined. Previous work
in school-going children has reported that spectacle ownership among those requiring
correction is significantly higher in girls than in boys (37.0% vs. 34.7%, p < 0.001) [27],
and differences in the uptake of optical correction may contribute to the pattern observed
here. This possibility remains to be confirmed in studies that directly record spectacle wear
and adherence.

Policy-wise, one-size-fits-all interventions cannot address both refractive error preva-
lence and regional visual inequalities; regionalized, resource-tailored strategies are essential.
Remote areas must prioritize enhancing eye care accessibility, strengthen referral systems,
and provide affordable corrective lenses. Conversely, since accessibility is not limiting in
urban areas, interventions should target behavioral and environmental risk factors—such
as increasing outdoor time, optimizing classroom lighting, and limiting screen time to
curb myopia progression. Nationally, early screening for high astigmatism should be
integrated into preschool health assessments alongside raising awareness of its link to
high myopia [19].

An important limitation of this study is the use of non-cycloplegic refraction. Because
the data were retrospectively derived from a community-based mass vision screening
program, cycloplegic refraction was unavailable in the source dataset. Residual accommo-
dation may therefore have shifted measurements toward more myopic values, potentially
overestimating myopia prevalence and underestimating hyperopia. Refraction was initially
measured using an autorefractor and subsequently verified by licensed optometrists using
retinoscopy. Children with marked discrepancies between autorefraction and retinoscopy
were referred for comprehensive ophthalmological examination and excluded from the ana-
lytic dataset [31]. Although this approach reduced the likelihood of marked accommodative
instability, accommodation-related bias could not be fully eliminated.
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The retrospective and cross-sectional design also limits causal inference. Because
the sampling framework prioritized adequate coverage across urban, rural, and remote
areas rather than proportional population-based sampling, potential selection bias cannot
be excluded, and the sample is not nationally representative of all Taiwanese elementary
school children. Accordingly, absolute prevalence estimates and their generalizability
should be interpreted cautiously. The primary objective, however, was to compare geo-
graphic disparities in visual outcomes and eye-care resources rather than estimate national
prevalence. Several potential confounders, including lifestyle behaviors, outdoor activity,
near-work exposure, parental myopia, and socioeconomic characteristics, were unavailable,
and residual confounding remains possible. Since this surveillance screening program did
not involve longitudinal follow-up of the same cohort, data were pooled across survey
years for the primary spatial analyses. Future population-representative or longitudinal
studies using standardized cycloplegic refraction and more comprehensive assessment of
potential confounders are warranted.

In summary, this study provides a novel perspective on the relationship between med-
ical resource distribution and vision health outcomes for urban and rural primary school
students. It challenges existing assumptions about urban health advantages and highlights
the urgent need for specialized care to improve children’s vision health, especially in rural
and remote areas. The findings advocate for public health strategies that go beyond simple
resource allocation and emphasize the importance of tailored medical interventions to the
specific needs of different population groups.

Author Contributions: J.-Y.L. and F.-G.L. contributed equally to the conception, study design, data
analysis, and drafting of the manuscript. R-M.H. and ].-K.T. contributed equally to supervision,
critical revision, and interpretation of results. ].-Y.L. performed data collection and statistical analysis.
F-G.L. provided expertise in epidemiological methods and public health perspectives. R.-M.H.
contributed to data validation and methodological support in bioinformatics. J.-K.T. served as the
corresponding author, providing overall project supervision and final approval of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Central Regional Research Ethics Committee China Medical University,
Taichung, Taiwan (protocol code N/A /CRREC-112-066 and date of approval 5 December 2023).

Informed Consent Statement: Patient consent was waived due to the study is a retrospective
study based on previously collected data, no direct intervention or experiment was conducted with
human participants.

Data Availability Statement: The data that support the findings of this study are available from
the International Lions Club Vision Care Network Project Committee, but restrictions apply to the
availability of these data, which were used under license for the current study, and so are not publicly
available. Data are, however, available from the authors upon reasonable request and with permission
of the Vision Care Network.

Conflicts of Interest: The authors declare no conflicts of interest.

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]

2. Rudnicka, A.R.; Kapetanakis, V.V.; Wathern, A.K.; Logan, N.S.; Gilmartin, B.; Whincup, PH.; Cook, D.G.; Owen, C.G. Global vari-
ations and time trends in the prevalence of childhood myopia, a systematic review and quantitative meta-analysis: Implications
for aetiology and early prevention. Br. J. Ophthalmol. 2016, 100, 882-890. [CrossRef] [PubMed]

https://doi.org/10.3390/children13091225


https://doi.org/10.1016/j.ophtha.2016.01.006
https://www.ncbi.nlm.nih.gov/pubmed/26875007
https://doi.org/10.1136/bjophthalmol-2015-307724
https://www.ncbi.nlm.nih.gov/pubmed/26802174
https://doi.org/10.3390/children13091225

Children 2026, 13, 1225 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

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

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] [PubMed]

Fozailoff, A.; Tarczy-Hornoch, K.; Cotter, S.; Wen, G.; Lin, J.; Borchert, M.; Azen, S.; Varma, R.; Group, W.C f.t M.S. Prevalence
of astigmatism in 6-to 72-month-old African American and Hispanic children: The Multi-ethnic Pediatric Eye Disease Study.
Ophthalmology 2011, 118, 284-293. [CrossRef] [PubMed]

Hashemi, H.; Fotouhi, A.; Yekta, A.; Pakzad, R.; Ostadimoghaddam, H.; Khabazkhoob, M. Global and regional estimates of
prevalence of refractive errors: Systematic review and meta-analysis. J. Curr. Ophthalmol. 2018, 30, 3-22. [CrossRef] [PubMed]
Lai, Y.-H.; Hsu, H.-T.; Wang, H.-Z.; Chang, C.-H.; Chang, S.-]. Astigmatism in preschool children in Taiwan. J. Am. Assoc. Pediatr.
Ophthalmol. Strabismus 2010, 14, 150-154. [CrossRef] [PubMed]

Harvey, E.M.; Dobson, V.; Miller, ].M.; Clifford-Donaldson, C.E. Amblyopia in astigmatic children: Patterns of deficits. Vis. Res.
2007, 47, 315-326. [CrossRef] [PubMed]

Pascual, M.; Huang, J.; Maguire, M.G.; Kulp, M.T.; Quinn, G.E,; Ciner, E.; Cyert, L.A.; Orel-Bixler, D.; Moore, B.; Ying, G.-s. Risk
factors for amblyopia in the vision in preschoolers study. Ophthalmology 2014, 121, 622-629. e621. [CrossRef] [PubMed]

Tsai, T.-H.; Liu, Y.-L.; Ma, I.-H,; Su, C.-C;; Lin, C.-W,; Lin, L.L.-K,; Hsiao, C.K.; Wang, L.-J. Evolution of the prevalence of myopia
among Taiwanese schoolchildren: A review of survey data from 1983 through 2017. Ophthalmology 2021, 128, 290-301. [CrossRef]
[PubMed]

Shih, Y.F,; Chiang, T.H.; Hsiao, C.K; Chen, C.J.; Hung, P.T,; Lin, L.L. Comparing myopic progression of urban and rural Taiwanese
schoolchildren. Jpn. J. Ophthalmol. 2010, 54, 446—451. [CrossRef] [PubMed]

Guo, Y,; Liu, LJ; Xu, L.; Lv, Y.Y,; Tang, P.,; Feng, Y.; Meng, M.; Jonas, ].B. Outdoor activity and myopia among primary students in
rural and urban regions of Beijing. Ophthalmology 2013, 120, 277-283. [CrossRef] [PubMed]

He, M.; Zeng, |.; Liu, Y.; Xu, J.; Pokharel, G.P; Ellwein, L.B. Refractive error and visual impairment in urban children in southern
china. Investig. Ophthalmol. Vis. Sci. 2004, 45, 793-799. [CrossRef] [PubMed]

Li, X,; Li, L.; Qin, W.; Cao, Q.; Mu, X,; Liu, T; Li, Z.; Zhang, W. Urban Living Environment and Myopia in Children. JAMA Netw.
Open 2023, 6, €2346999. [CrossRef] [PubMed]

Young, T.L.; Metlapally, R.; Shay, A.E. Complex trait genetics of refractive error. Arch. Ophthalmol. 2007, 125, 38—48. [CrossRef]
[PubMed]

Zadnik, K.; Satariano, W.A.; Mutti, D.O.; Sholtz, R.I.; Adams, A.J. The effect of parental history of myopia on children’s eye size.
JAMA 1994, 271, 1323-1327. [CrossRef]

Fan, Q.; Verhoeven, V.].; Wojciechowski, R.; Barathi, V.A.; Hysi, P.G.; Guggenheim, J.A.; Hohn, R.; Vitart, V.; Khawaja, A.P;
Yamashiro, K.; et al. Meta-analysis of gene-environment-wide association scans accounting for education level identifies
additional loci for refractive error. Nat. Commun. 2016, 7, 11008. [CrossRef] [PubMed]

Can, M.E; Kaplan, FE.; Uzel, M.M,; Kiziltoprak, H.; Ergun, M.C.; Koc, M.; Simsek, G. The association of Helicobacter pylori with
choroidal and retinal nerve fiber layer thickness. Int. Ophthalmol. 2018, 38, 1915-1922. [CrossRef] [PubMed]

Rose, K.A.; Morgan, L.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]

Wang, J.; Li, Y.; Musch, D.C.; Wei, N.; Qi, X;; Ding, G.; Li, X; Li, ].; Song, L.; Zhang, Y.; et al. Progression of Myopia in School-Aged
Children After COVID-19 Home Confinement. JAMA Ophthalmol. 2021, 139, 293-300. [CrossRef] [PubMed]

French, A.N.; Ashby, R.S.; Morgan, 1.G.; Rose, K.A. Time outdoors and the prevention of myopia. Exp. Eye Res. 2013, 114, 58-68.
[CrossRef] [PubMed]

Xiong, S.; Sankaridurg, P.; Naduvilath, T.; Zang, J.; Zou, H.; Zhu, J.; Lv, M.; He, X,; Xu, X. Time spent in outdoor activities in
relation to myopia prevention and control: A meta-analysis and systematic review. Acta Ophthalmol. 2017, 95, 551-566. [CrossRef]
[PubMed]

He, T.; Yin, L.; Zheng, Q.; He, B.; Xu, Z.; Hu, T.; Wu, Y.; Chen, H.; Yu, J.; Shen, T. Correction: Survey on pattern of myopia in
school children in Hangzhou after the COVID-19 pandemic: A school-based vision screening study. BMC Public Health 2024, 24,
2346. [CrossRef] [PubMed]

Resnikoff, S.; Pascolini, D.; Mariotti, S.P.; Pokharel, G.P. Global magnitude of visual impairment caused by uncorrected refractive
errors in 2004. Bull. World Health Organ. 2008, 86, 63-70. [CrossRef] [PubMed]

He, M,; Xu, J.; Yin, Q.; Ellwein, L.B. Need and challenges of refractive correction in urban Chinese school children. Optom. Vis. Sci.
2005, 82, 229-234. [CrossRef] [PubMed]

Li, Z.; Xu, K; Wu, S;; Ly, J; Jin, D.; Song, Z.; Wang, Z.; Liu, P. Population-based survey of refractive error among school-aged
children in rural northern China: The Heilongjiang eye study. Clin. Exp. Ophthalmol. 2014, 42, 379-384. [CrossRef] [PubMed]
Ma, Y.; Zhang, X.; He, F.; Ma, X.; Yi, H.; Rose, N.; Medina, A.; Rozelle, S.; Congdon, N. Visual impairment in rural and migrant
Chinese school-going children: Prevalence, severity, correction and associations. Br. J. Ophthalmol. 2022, 106, 275-280. [CrossRef]
[PubMed]

https://doi.org/10.3390/children13091225


https://doi.org/10.1016/S0140-6736(12)60272-4
https://www.ncbi.nlm.nih.gov/pubmed/22559900
https://doi.org/10.1111/j.1475-1313.2005.00298.x
https://www.ncbi.nlm.nih.gov/pubmed/16101943
https://doi.org/10.1016/j.ophtha.2010.06.038
https://www.ncbi.nlm.nih.gov/pubmed/20888047
https://doi.org/10.1016/j.joco.2017.08.009
https://www.ncbi.nlm.nih.gov/pubmed/29564404
https://doi.org/10.1016/j.jaapos.2009.12.168
https://www.ncbi.nlm.nih.gov/pubmed/20451858
https://doi.org/10.1016/j.visres.2006.11.008
https://www.ncbi.nlm.nih.gov/pubmed/17184807
https://doi.org/10.1016/j.ophtha.2013.08.040
https://www.ncbi.nlm.nih.gov/pubmed/24140117
https://doi.org/10.1016/j.ophtha.2020.07.017
https://www.ncbi.nlm.nih.gov/pubmed/32679159
https://doi.org/10.1007/s10384-010-0860-7
https://www.ncbi.nlm.nih.gov/pubmed/21052908
https://doi.org/10.1016/j.ophtha.2012.07.086
https://www.ncbi.nlm.nih.gov/pubmed/23098368
https://doi.org/10.1167/iovs.03-1051
https://www.ncbi.nlm.nih.gov/pubmed/14985292
https://doi.org/10.1001/jamanetworkopen.2023.46999
https://www.ncbi.nlm.nih.gov/pubmed/38064211
https://doi.org/10.1001/archopht.125.1.38
https://www.ncbi.nlm.nih.gov/pubmed/17210850
https://doi.org/10.1001/jama.1994.03510410035029
https://doi.org/10.1038/ncomms11008
https://www.ncbi.nlm.nih.gov/pubmed/27020472
https://doi.org/10.1007/s10792-017-0677-1
https://www.ncbi.nlm.nih.gov/pubmed/28780617
https://doi.org/10.1016/j.ophtha.2007.12.019
https://www.ncbi.nlm.nih.gov/pubmed/18294691
https://doi.org/10.1001/jamaophthalmol.2020.6239
https://www.ncbi.nlm.nih.gov/pubmed/33443542
https://doi.org/10.1016/j.exer.2013.04.018
https://www.ncbi.nlm.nih.gov/pubmed/23644222
https://doi.org/10.1111/aos.13403
https://www.ncbi.nlm.nih.gov/pubmed/28251836
https://doi.org/10.1186/s12889-024-19801-2
https://www.ncbi.nlm.nih.gov/pubmed/39210336
https://doi.org/10.2471/blt.07.041210
https://www.ncbi.nlm.nih.gov/pubmed/18235892
https://doi.org/10.1097/01.opx.0000159362.48835.16
https://www.ncbi.nlm.nih.gov/pubmed/15829844
https://doi.org/10.1111/ceo.12198
https://www.ncbi.nlm.nih.gov/pubmed/23952961
https://doi.org/10.1136/bjophthalmol-2020-317072
https://www.ncbi.nlm.nih.gov/pubmed/33127829
https://doi.org/10.3390/children13091225

Children 2026, 13, 1225 11 of 11

28.

29.

30.

31.

32.

33.

34.

Sheeladevi, S.; Seelam, B.; Nukella, P.B.; Modi, A.; Ali, R.; Keay, L. Prevalence of refractive errors in children in India: A systematic
review. Clin. Exp. Optom. 2018, 101, 495-503. [CrossRef] [PubMed]

He, M.; Huang, W.; Zheng, Y.; Huang, L.; Ellwein, L.B. Refractive error and visual impairment in school children in rural southern
China. Ophthalmology 2007, 114, 374-382. [CrossRef] [PubMed]

Muhammad, M.; Tumin, D. Unmet needs for vision care among children with gaps in health insurance coverage. J. Am. Assoc.
Pediatr. Ophthalmol. Strabismus 2022, 26, 63.E1-63.E4. [CrossRef] [PubMed]

Khurana, R.; Tibrewal, S.; Ganesh, S.; Tarkar, R.; Nguyen, PT.T.; Siddiqui, Z.; Dasgupta, S. Accuracy of noncycloplegic refraction
performed at school screening camps. Indian . Ophthalmol. 2018, 66, 806. [CrossRef] [PubMed]

Wajuihian, S.0. Characteristics of astigmatism in Black South African high school children. Afr. Health Sci. 2017, 17, 1160-1171.
[CrossRef] [PubMed]

Fu, A; Watt, K.; Junghans, B.M.; Delaveris, A.; Stapleton, F. Prevalence of myopia among disadvantaged Australian schoolchildren:
A 5-year cross-sectional study. PLoS ONE 2020, 15, e0238122. [CrossRef] [PubMed]

Shih, Y.F,; Hsiao, C.K,; Tung, Y.L,; Lin, L.L.; Chen, C.J.; Hung, P.T. The prevalence of astigmatism in Taiwan schoolchildren. Optom.
Vis. Sci. 2004, 81, 94-98. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/children13091225


https://doi.org/10.1111/cxo.12689
https://www.ncbi.nlm.nih.gov/pubmed/29682791
https://doi.org/10.1016/j.ophtha.2006.08.020
https://www.ncbi.nlm.nih.gov/pubmed/17123622
https://doi.org/10.1016/j.jaapos.2021.12.005
https://www.ncbi.nlm.nih.gov/pubmed/35304321
https://doi.org/10.4103/ijo.IJO_982_17
https://www.ncbi.nlm.nih.gov/pubmed/29785988
https://doi.org/10.4314/ahs.v17i4.25
https://www.ncbi.nlm.nih.gov/pubmed/29937888
https://doi.org/10.1371/journal.pone.0238122
https://www.ncbi.nlm.nih.gov/pubmed/32853278
https://doi.org/10.1097/00006324-200402000-00007
https://www.ncbi.nlm.nih.gov/pubmed/15127928
https://doi.org/10.3390/children13091225

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Statistical Analysis 

	Results 
	Discussion 
	References

