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Abstract

Objective

Myopia prevalence is rising globally and has reached critical levels in some regions. Beyond
refractive correction needs, myopia is a major risk factor for irreversible, vision-threatening
ocular disease. This study investigated the relationship between myopia, age, sex, and visual
impairment in two nationally representative populations in the United States and South

Korea.

Design

Cross-sectional analysis using data from the U.S. National Health and Nutrition Examination
Survey (NHANES) and the Korean National Health and Nutrition Examination Survey

(KNHANES).

Participants

Participants in the NHANES and KNHANES.

Methods

Best-corrected visual acuity and non-cycloplegic refractive error were analyzed from

NHANES (1999-2008) and KNHANES (2008-2022), excluding those with cataract or
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refractive surgery. Visual impairment was defined as best-corrected visual acuity >0.30
LogMAR. Logistic regression and Kaplan—Meier analyses were used to evaluate and visualize

the cumulative risk of visual impairment by refractive error age and sex.

Main Outcome Measure

Visual impairment probability and the Odds Ratios for visual impairment by region, age and

degree of myopia.

Results

Visual impairment rates increased with both myopia severity and age in both populations.
Among younger non-myopes, impairment affected 1%, rising to 50% in high myopes by age
75. High myopes had up to 13-fold higher odds of visual impairment than non-myopes. Age-
related risks were similar across regions, but myopia had a stronger effect in South Korea:
each 1 D increase in myopia raised the odds of impairment by 41% versus 27% in the USA.
Sex was not a significant factor in the U.S. (p = 0.207) but was significant in South Korea (OR:

1.69, 95% Cl: 1.33-2.14, p < 0.01).

Conclusions

Myopia substantially increases the risk of visual impairment in both the United States and

South Korea, with risk rising proportionally with myopia severity. Age-related effects were
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similar across cohorts, though myopia exerted a greater influence in South Korea. Females
demonstrated higher rates of visual impairment independently of refractive error. These
findings highlight myopia as a global health concern, reinforcing the need for prevention

and early intervention to reduce lifetime risk across all severities.
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Introduction

In the past several decades the global prevalence of myopia has seen dramatic increases,
with projections indicating almost half the global population will be myopic by 2050.*
Myopia prevalence in some young adult cohorts has already exceeded this level, with
epidemiological studies documenting rates in excess of 90%.2~* The accelerating prevalence
of myopia raises serious concern given its established association with increased risk of
vision-threatening complications. Myopia can result in both reversible and irreversible visual
impairment. As a highly symptomatic refractive error, it may cause functional vision loss in
individuals without access to appropriate refractive correction—a challenge that continues
to affect visual outcomes in underserved populations.®> Beyond the need for optical or
surgical correction, myopia is associated with an increased risk of sight-threatening ocular
complications including cataract,® glaucoma,’ retinal detachment®® and myopic
maculopathy.2® The latter is of particular concern, as it remains untreatable,! and
progression to advanced myopic maculopathy often leads to permanent visual impairment

or blindness.1213

While myopia usually develops during childhood,**** its vision-threatening complications
often do not manifest until much later in life.1®* Consequently, the only opportunity to
reduce the lifetime risk of myopia-associated pathology occurs during these early formative
years —long before an individual is likely to develop its associated complications. This
temporal disconnect may lead children and their parents to underestimate the long-term
risks of myopia,’” a misconception that is also reflected more broadly across society.81?
Several interventions are now available to slow myopia progression during childhood,?°-22

with the theoretical potential to reduce the incidence of visual impairment in adulthood.*®
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To inform clinical decision-making and public health strategies, it is important to quantify

the population-level risk of visual impairment attributable to myopia.

To date, few studies have assessed the risk of visual impairment due to myopia in
representative population sample or explored the impact of sex, and none have established
whether this risk is consistent across diverse populations. Most existing estimates of the
population burden of visual impairment attributable to myopia rely on a single study from
the Netherlands.'® While this study included a large sample size and applied robust
analytical methods, its non-representative nature limits the generalizability of its findings to
other populations. This limitation is particularly relevant in East Asian populations, where
the underlying prevalence of myopia is substantially higher than in Europe?®2* potentially

altering both individual and population-level risk profiles.

The study hypothesis was therefore to evaluate whether the relationship between spherical
equivalent refraction (SER) and visual impairment reported in a Netherlands-based study is
generalizable to other populations using population-representative surveys, one from a
Western population and one from an East Asian population. Accordingly, the analyses are
comparative in nature and intended to assess cross-population consistency and quantify

rates of myopia-associated visual impairment, rather than to establish causal relationships.

Methods
The National Health and Nutrition Survey (NHANES) and Korean National Health and
Nutrition Survey (KNHANES) are ongoing health surveys that examine a nationally

representative sample of individuals in the United States and South Korea respectively. Both
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surveys use a stratified multi-stage clustered sampling method based on census data for the
respective country. As a result of this sampling strategy, the results of each survey are
representative of the entire population for each country. The NHANES takes place on a two-
year cycle while the KNHANES is repeated annually. Each survey comprises a variety of
demographic surveys, lab tests and in person examinations. Best corrected distance visual
acuity (BCVA) and non-cycloplegic refractive error were assessed over 5 separate 2-year
cycles in the NHANES from 1999-2008 and over 15 separate 1-year cycles in the KNHANES
from 2008-2022. To maximize statistical power, data from each individual survey cycle were
pooled separately for NHANES (n = 30,639) and KNHANES (n = 53,918). For each study,
sample weights were then adjusted based on their stratified sampling designs to yield
population-representative cross-sectional datasets. All analysis was performed with the R
programming language (R Core Team (2020). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/) using the survey and srvyr packages to account for the stratification, clustering
and weighting used in both the NHANES and KNHANES.! The National Health and Nutrition
Examination Survey protocol was approved by the National Center for Health Statistics
Research Ethics Review Board. The Korea National Health and Nutrition Examination Survey
protocol was approved by the Korea Disease Control and Prevention Agency Institutional

Review Board.

For the NHANES, visual acuity and refractive error were assessed with the NIDEK ARK-760
(Nidek Co Ltd, Tokyo, Japan) an auto-refractor with a built in Snellen visual acuity chart.
Participants had their presenting visual acuity assessed with their current spectacles if worn.

In the case that presenting visual acuity was worse than 0.18 LogMAR (Snellen 20/30), visual
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acuity was reassessed with the objective refraction found by auto-refraction in place. The
BCVA was taken to be whichever measurement gave the best visual acuity. For KNHANES,
visual acuity was measured using Jin’s vision chart using number optotypes (JV Institute,
Seoul, Korea) and refractive error was assessed using a Topcon KR8800 auto-refractor
(Topcon, Tokyo, Japan). For those who had presenting visual acuity worse than 0.1 LogMAR
(0.8 decimal), visual acuity was reassessed with the objective refraction in place. The BCVA

was taken to be whichever measurement gave the best visual acuity.

Participant sex was recorded in both NHANES and KNHANES as part of their respective
national health examination surveys. In both datasets, a binary variable (male or female) is
collected at the time of interview and which we have interpreted as corresponding to the
participant’s sex as registered or reported at birth. Neither NHANES nor KNHANES includes a
separate measure of gender identity, we therefore use the term sex throughout and
acknowledge that our findings may not capture gender-related influences on myopia or

vision outcomes.

For the purposes of this study, all visual acuity measurements were converted to LogMAR,
with visual impairment being defined as a BCVA of 0.30 LogMAR (corresponding to 20/40
Snellen acuity) or worse.?> Spherical equivalent refraction (SER) was calculated by adding
the sphere to half the cylinder value. Each participants SER was categorized as emmetropia
(>-0.50 D & < +0.75 D),%® low myopia (< -0.50 & > -6.00 D) and high myopia (< -6.00 D). Any
participant that had cataract or refractive surgery was excluded from the analysis. To
understand the relationship between myopia and visual impairment on a per eye basis
rather than per person, analysis was confined to right eyes only. Due to the low prevalence

of visual impairment in those aged 18-39 years, further analysis of visual impairment was
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confined to those aged 40 years and over. A Kaplan-Meier survival analysis was performed
to estimate the probability of visual impairment for each SER category with age from 40 to
79 years of age. Survey-weighted Kaplan—Meier analysis was used to account for
NHANES/KNHANES sampling design. Kaplan—Meier curves in the present study should be
understood as estimates of age-specific cumulative probability (prevalence) rather than
incidence due to the cross-sectional nature of the data sources. Logistic regression was used
to determine the odds ratio of visual impairment based on these SER and age categories.
Both surveys were combined, and logistic regression models refit to determine if each
survey influenced the risk of visual impairment. The models derived from both the NHANES
and KNHANES were compared to work previously published by Bullimore et al*® on the risk
of visual impairment due to myopia. For this comparison, the definition of visual impairment

of worse than 0.3 logMAR was used to match the threshold used by Bullimore et al.*®

Results

Cross sectional data for those aged 40 and older was available for 12,661 (51.4% female)
participants of the NHANES and 30,873 (50.7% female) participants of the KNHANES. The
mean age of participants included was 55.0 + 0.20 (SE) years in the NHANES and 54.3 £ 0.11
(SE) years in the KNHANES. In this older age group (40—79-year-olds), the prevalence of
myopia was similar in the two populations, with 38.4% classified as myopic in the NHANES
survey and 40.8% in the KNHANES survey after adjusting for survey weights. In the younger
18—-39-year-old cohort, the prevalence of myopia was 45.6% in the United States (n =

10,302), slightly higher than in the older age group, whereas in South Korea (n = 13,980) it
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was 75.8%, substantially greater than in the older South Korean cohort. The distributions of

myopia in each age group and region are shown in Figure 1.

The overall prevalence of visual impairment was 4.4% (95% Cl: 4.0%, 4.8%) in the NHANES
and 4.4% (95% Cl: 4.1%, 4.7%) in the KNHANES. In both surveys the prevalence of visual
impairment was higher in females than in males. In the NHANES, prevalence was 4.8% (95%
Cl: 4.2%, 5.5%) for females and 3.9% (95% Cl: 3.4%, 4.5%) for males; in the KNHANES,
prevalence was 5.6% (95% Cl: 5.2%, 6.0%) for females and 3.1% (95% Cl: 2.8%, 3.5%) for
males. The prevalence of visual impairment across spherical equivalent refraction (SER)
categories is presented in Table 1. Visual impairment rates increased with age and greater
degrees of myopia. The relationship between visual impairment and myopia was most
apparent in older (60—79-year-olds) participants. Small regional differences were observed
in the visual impairment rates in the youngest age group (18-39 years), with South Korea
having lower rates than the US in emmetropes, low myopes and moderate myopes. This
pattern was not observed in the two age groups that are the primary focus of this paper (40-

59 years and 60-79 years).

The odds of visual impairment, calculated with survey-weighted logistic regression (see
Supplementary Appendix), were significantly higher among myopes compared to age-
matched emmetropes in both regions (Table 2 and Supplementary Appendix Tables S1 to
S4). This association was evident across different levels of myopia severity, and
demonstrated a clear dose—response relationship, with the odds of visual impairment rising
progressively with increasing myopia severity. In this table the odds ratios are calculated
based on the emmetropic visual impairment for each age group and survey. This shows the

impact of myopia level on visual impairment risk in the two age groups without the
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confounding effect of the higher rate of visual impairment in 60—79-year-olds. Although the
odds ratios in high myopia were higher in KNHANES than NHANES, the confidence intervals
in this analysis overlapped across all strata, indicating reasonable consistency of the

association between visual impairment and degree of myopia in the two regions.

Age-related cumulative probability curves (using age at examination as the time scale)
demonstrated a progressive increase in the risk of visual impairment with increasing age
and greater myopia severity, a pattern consistent across both surveys (Figure 2). For all SER
categories, the risk of visual impairment increased with age; however, significantly higher

risks were observed among individuals with higher levels of myopia.

In both NHANES and KNHANES, survey-weighted prevalence of visual impairment increased
monotonically with both age and increasing severity of myopia (see Table 1). In NHANES,
weighted prevalence among adults aged 40-59 years ranged from 1.1% (95% Cl 0.6—1.6) in
emmetropia to 5.2% (95% Cl 1.7-8.6) in high myopia, increasing in the 60—79-year-old group
t0 6.1% (95% Cl 4.5-7.7) and 25.3% (95% ClI 7.1-43.5), respectively. In KNHANES, the
weighted prevalence of visual impairment among younger adults was modestly lower than
in NHANES across emmetropia to moderate myopia, but these between-population
differences were not statistically significant (model-based Wald tests comparing estimated
marginal prevalences within refractive categories, p = 0.07-0.17). Weighted prevalence was
generally higher in KNHANES than NHANES in older adults, with significant differences

present in the moderate and high myopia groups (p = 0.01 and 0.001 respectively).

Refractive categories were well matched between NHANES and KNHANES, with mean SER
differences £ 0.2 D in 7 of 8 category—age strata (see Table 1). An exception was observed in

the high myopia group among adults aged 60-79 years, where KNHANES participants had a



245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

significantly more myopic mean SER (difference -1.79 D; 95% Cl -3.14 to -0.43). This
imbalance may contribute to the higher prevalence of visual impairment in Korea vs the USA
in this sub-group. In older moderate myopes there was a significant difference in prevalence
but an almost identical mean refractive error, indicating that between-country differences
are not explained by differences in refractive error severity alone. To minimize bias arising
from categorical classification, particularly among older individuals with high myopia,
subsequent analyses model spherical equivalent refraction (SER) as a continuous variable in

logistic regression.

Survey-weighted logistic regression, treating refractive error and age as continuous
variables, revealed that older age and more myopic SER each contributed to higher risk of
visual impairment in both surveys (Figure 3 and Supplementary Appendix Tables S5 and S6).
A strong dose—response relationship between SER and visual impairment was evident,
showing a relatively consistent pattern across the two populations. In NHANES, each 1-
diopter increase in myopia (modeled as -SER) was associated with a 26.6% increase in the
odds of visual impairment (OR = 1.27; 95% ClI 1.19-1.35). In KNHANES, the corresponding
increase was 41.2% per diopter (OR = 1.41; 95% Cl 1.35-1.48). While the direction of
association was consistent across surveys, the magnitude of the association was
substantially stronger in KNHANES, suggesting a steeper myopia—visual impairment
relationship in the Korean population. Age showed a highly consistent association with
visual impairment in both surveys. Each additional year of age was associated with a 13%
increase in odds in NHANES (OR =1.13; 95% Cl 1.12-1.15) and a 15% increase in odds in
KNHANES (OR = 1.15; 95% ClI 1.14-1.16). The similarity of these age effects supports the

robustness of age as a predictor of visual impairment across populations. Full model details
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are included in the Supplementary Appendix. To investigate regional differences, NHANES
and KNHANES data were jointly analyzed, with the source dataset modelled as a categorical
variable in a logistic regression model (see Supplementary Appendix Table S9). There was
no significant difference in baseline odds of visual impairment between KNHANES and
NHANES after adjustment for age and refraction (OR = 0.35, 95% CI 0.08-1.48; p = 0.15). The
effect of age on visual impairment risk was similar in both populations (OR = 1.01, 95% Cl,
0.99-1.03; p=0.19). However, the association between myopia and visual impairment was
significantly stronger in KNHANES than in NHANES, as indicated by a significant SER x
dataset interaction (OR = 1.12, 95% Cl 1.03-1.21; p = 0.008). This suggests that for a given
increase in myopia, the corresponding increase in odds of visual impairment is greater in the
Korean population compared with the US population. This relationship is demonstrated in
Figure 4 where the probability of visual impairment is plotted on a logit scale. The parallel
slopes of the lines indicate consistent age-related effects across the two populations, while
the increased separation between the lines in the KNHANES graph reflects the higher

myopia-related risk in the South Korean cohort.

A further regional difference was observed when considering the interaction between sex
and SER and the risk of visual impairment (Figure 5, and Supplementary Appendix Tables S7
and S8). Female sex was not significant for the risk of visual impairment in the NHANES
dataset (OR: 1.195, 95% Cl:  0.90-1.58, p = 0.21), however it was a significant, independent
risk factor for visual impairment in the KNHANES dataset (OR: 1.69, 95% Cl: 1.33-2.14, p <

0.001), indicating a marked sex difference between populations.

The observed risk of visual impairment in this study aligned with the model of Bullimore et

al'%, when recalculated using the definition of visual impairment used in that study (VA <
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20/40, see Figure 6). The NHANES results showed a slightly greater risk at lower levels of
myopia but corresponded reasonably well at higher levels of myopia. Their model appeared
to markedly underestimate risk in the KNHANES cohort, which is consistent with the fact

that their model was based on European data.

Discussion

This analysis of two nationally representative population surveys demonstrates a clear
association between myopia and increased risk of visual impairment, particularly in older
adults. The relationship is non-linear, with risk increasing exponentially as a function of the
degree of myopia present. Individuals with high myopia face a considerable lifetime risk of
developing visual impairment. These findings are particularly concerning in the context of
the global rise in myopia prevalence?” and the age-dependent nature of its complications.
The highest reported prevalence rates of myopia are now seen in older children and young
adults,?3 groups not yet affected by pathology but already at elevated lifetime risk. This is
particularly the case in East Asia where myopia prevalence in recent generations has
reached extraordinarily high levels.?® This recent increase in myopia prevalence in East Asia
can be seen in Figure 1 in the 18—-39-year age group, most notably in the KNHANES and has
previously been reported.?>?° This emerging cohort of highly myopic individuals may place a
substantial future burden on healthcare systems. In South Korea, for example, a 10-year
analysis of retinal detachment has already shown a secondary incidence peak among young

myopic adults aged 20-24-years, underscoring the early clinical impact of high myopia.3°

It is noteworthy that similar patterns of myopia-associated visual impairment emerged
across two demographically distinct, nationally representative populations. In both NHANES

and KNHANES, the risk of visual impairment increased progressively with higher myopia and
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older age. Survival analysis demonstrated comparable ages at which visual impairment is
likely to occur across refractive error categories, while logistic regression (Figure 3) showed
a clear and consistent dose—response relationship across both populations. The odds of
visual impairment were significantly higher in individuals with myopia than in those with
emmetropia (Table 2), with the most pronounced risk observed in those with high myopia
(=-6.00 D). This pattern was evident in both surveys and overlapping confidence intervals of
the odds ratios at each refractive error level for the two regions (Table 2) indicated
generalizability of the association across populations. These findings align with the only
other large cross sectional analysis of myopia-related visual impairment,® and reinforce the
growing recognition of myopia as a major non-communicable eye health burden. The
consistency of association across regions strengthens the case for earlier intervention,
particularly as the highest prevalence of myopia is now seen in children and young adults
who remain pathology-free but face elevated long-term risk.2=* This has direct implications
for global eye care planning and health policy, since the costs of managing advanced visual

impairment may ultimately exceed the investments required for early myopia control.3!

One area of divergence between the two surveys was the steeper increase in visual
impairment risk with increasing myopia in KNHANES (Figure 4). This suggests that while
myopia-related risk of visual impairment is present across all ethnicities, it may be greater in
East Asian populations. Another regional difference was the lower rates of visual
impairment among emmetropes and low-to-moderate myopes in South Korea within the
18—-39-year age group. In younger adults, much of the visual impairment burden is
attributable to amblyopia, whereas in older adults age-related ocular disease becomes

dominant. Rates of amblyopia are reported to be significantly lower in Asia (1.04-1.27%)
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than the USA (1.59-2.3%), which may at least partly account for this regional difference in
visual impairment. 32 Additionally, females were observed to have a higher risk of visual
impairment in KNHANES but not in NHANES. Given that women in South Korea are currently
projected to live 5.7 years longer than men, this sex difference in risk may amplify the
overall public health burden of myopia-related visual impairment.®® A recent analysis of
myopia prevalence in South Korea has also demonstrated that sex-differences in the
temporal trends in myopia with stable levels of myopia in boys over a decade (prevalence
rates in 2011: 53.7% and 2021: 52.8%) but increasing myopia prevalence myopia in girls
(prevalence rates 2011: 51.6% and2021: 73.7%).3* Future public health models of the impact
of myopia should consider the interactions between sex, myopia prevalence, longevity and

visual impairment.

A key finding of this study is that the risk of visual impairment was elevated across all
categories of myopia, not only among those with high myopia. In both nationally
representative datasets, every level of myopia was associated with significantly increased
odds of visual impairment compared with emmetropia, as risk increased progressively with
higher degree of myopia. In the older cohort (60-79 years) these results support the view
that no degree of myopia can be considered entirely safe3> and that each diopter
contributes meaningfully to lifetime ocular risk.3® While pathological changes in highly
myopic eyes have received considerable clinical attention,'%3” the broader public health
burden may lie with individuals with low to moderate myopia given their substantially
higher prevalence in the population,® and contribution to overall numbers of vision-

impaired individuals, even if individual risk is lower. These findings are consistent with a
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recent systematic review demonstrating that sight-threatening complications are not
limited to high myopia, but occur across a wider spectrum of refractive error.?® In the
absence of effective treatments for some myopia-related complications,*® these data
underscore the urgent need to prioritize myopia prevention and early management. From a
population health perspective, the implications extend beyond clinical care to education,
policy, and long-term planning. Addressing the future burden of myopia-related visual
impairment will require coordinated action from a broad coalition of stakeholders, including
public health agencies, policymakers, educators, patients, parents and eyecare providers.
Spectacle correction in myopia induces retinal image minification that can modestly reduce
measured visual acuity and could theoretically shift some individuals with high myopia
across a visual impairment threshold. However, the magnitude of this effect is small
(approximately 0.01 logMAR per diopter of increasing myopia) and is not expected to vary
systematically by region, age or sex, making it unlikely to materially influence the impact of

these factors on visual impairment rates. 4

Strengths

This study leverages two of the largest, nationally representative health surveys in the
world, providing over 40,000 participants over the age of 40. The large sample size allows
for precise estimation of risk across a range of refractive errors and ages, including
subgroups such as those with high myopia who are often underrepresented in smaller
clinical studies. Furthermore, the standardized examination protocols and use of stratified
sampling methodologies in both NHANES and KNHANES, provide robust, population-level
estimates for the two countries. Finally, the parallel analysis of these two independent

cohorts from different regions adds confidence to the generalizability of findings and
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highlights consistent global patterns in the relationship between myopia, age, and visual

impairment.

Limitations

This study has several limitations. Both NHANES and KNHANES used non-cycloplegic
refraction. Although the lack of cycloplegia may introduce some misclassification of
refractive error in younger participants, this is unlikely to materially affect the main findings.
In the Beaver Dam Offspring Study, the mean difference between cycloplegic and non-
cycloplegic refraction in 40-49 year-old myopes was 0.3 D and over 60 years of age was just
0.03 D.*?> Recent work in various populations has also demonstrated that the difference
between non-cycloplegic and cycloplegic refraction is lowest among myopes and particularly
older myopes with those aged 60 and over having a difference of 0.07 D.**** The cross-
sectional design precludes direct causal inference and limits assessment of longitudinal
changes in visual impairment risk. As with the Kaplan—Meier curves presented in Tideman et
al. (2016),'® the Kaplan—Meier curves in Figure 2 should be interpreted as estimates of the
cumulative probability of visual impairment at a given age, that is prevalence, rather than
incidence because the underlying data are cross-sectional. In addition, the direct cause of
visual impairment was not assessed, hence the results represent the associations between

myopia, sex, age and visual impairment of all causes.

Axial length was not measured for either the NHANES or KNHANES and as such the
relationship between axial length and vision impairment could not be determined. It has

however been shown that most myopia is axial in nature and in this case, SER is likely a
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reasonable surrogate for axial length.1® Other unmeasured environmental, genetic or
phenotypic factors that may modify susceptibility to visual impairment in the presence of
myopia may have contributed to the observed regional differences. Choroidal thickness,
which was not measured in the NHANES and KNHANES surveys, has been identified as an
independent risk factor for myopia-related pathology,* but little data exists regarding
regional differences in this parameter. Alternatively, methodological considerations may
contribute, including differences in the distribution of high myopia between surveys. The
greater representation of individuals with very high myopia in KNHANES may accentuate
effects at the upper end of the refractive error spectrum. Despite this variation, the
existence of a consistent, dose—response relationship between myopia and visual
impairment in both surveys supports the conclusion that myopia-related risk of visual

impairment is a robust and generalizable concept across populations.

Differences in survey methodology, examination protocols, and population characteristics
between the two countries may have influenced comparisons. Visual acuity assessment
differed between NHANES and KNHANES, which may influence absolute estimates of visual
impairment and should be considered when interpreting inter-country comparisons.
NHANES used a letter-based chart integrated into an autorefractor, whereas KNHANES
employed a logMAR chart with numeric optotypes. Differences in optotype design, chart
characteristics, and testing conditions are known to produce systematic variation in
measured acuity. Such methodological differences could contribute to observed inter-
country differences in vision impairment, particularly at higher levels of myopia.
Accordingly, inter-country comparisons should be interpreted cautiously. However, these

differences are unlikely to explain the consistent within-country patterns observed across
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refractive error severity, age, or sex. Finally, unmeasured confounding factors such as
socioeconomic status, access to eye care, or comorbid health conditions may also have

contributed to observed differences.

Conclusion

This study provides robust, population-level evidence that myopia is a significant and
quantifiable risk factor for visual impairment, with risk increasing progressively with both
age and myopia severity. Confirmation of this association in two ethnically and
demographically distinct national cohorts underscores its generalizability and global
relevance. While age-related effects were consistent between the United States and South
Korea, the steeper myopia-related risk and increased risk in females observed in South
Korea underscores the potential for regional variation. These findings reinforce the need to
prioritize myopia prevention and early intervention, not only at the level of individual
clinical care, but also through coordinated strategies by health systems and policymakers to

mitigate the growing global burden of myopia related vision loss.

References

1. Holden BA, Fricke TR, Wilson DA, Jong M, Naidoo KS, Sankaridurg P, et al. Global
Prevalence of Myopia and High Myopia and Temporal Trends from 2000 through 2050.
Ophthalmology. 2016 May;123(5):1036-42.

2. Tsai TH, Liu YL, Ma IH, Su CC, Lin CW, Lin LLK, et al. Evolution of the Prevalence of
Myopia among Taiwanese Schoolchildren. Ophthalmology. 2021 Feb;128(2):290-301.

3. Zhang HM, Li BQ, Yun Z, Sheng-Xin L, Rui-Hua W. Time trends in myopia and high myopia
prevalence in young university adults in China. International Journal of Ophthalmology.
2023 Sep 19;16(10):1676-81.



452
453
454

455
456
457
458

459
460
461

462
463
464

465
466
467
468

469
470
471

472
473
474

475
476

477
478
479

480
481

482
483
484

485
486
487

10.

11.

12.

13.

14.

15.

Nakao SY, Miyake M, Hosoda Y, Nakano E, Mori Y, Takahashi A, et al. Myopia Prevalence
and Ocular Biometry Features in a General Japanese Population. Ophthalmology. 2021
Apr;128(4):522-31.

Steinmetz JD, Bourne RRA, Briant PS, Flaxman SR, Taylor HRB, Jonas JB, et al. Causes of
blindness and vision impairment in 2020 and trends over 30 years, and prevalence of
avoidable blindness in relation to VISION 2020: the Right to Sight: an analysis for the
Global Burden of Disease Study. The Lancet Global Health. 2021 Feb;9(2):e144-60.

Pan CW, Cheng C yu, Saw SM, Wang JJ, Wong TY. Myopia and Age-Related Cataract: A
Systematic Review and Meta-analysis. American Journal of Ophthalmology. 2013
Nov;156(5):1021-1033.e1.

Yao M, Kitayama K, Yu F, Tseng VL, Coleman AL. Association Between Myopia and
Primary Open-Angle Glaucoma by Race and Ethnicity in Older Adults in the California
Medicare Population. JAMA Ophthalmology. 2023 Jun 1;141(6):525-32.

van Leeuwen R, Haarman AEG, van de Put MAJ, Klaver CCW, Los LI, Dutch
Rhegmatogenous Retinal Detachment Study Group. Association of Rhegmatogenous
Retinal Detachment Incidence With Myopia Prevalence in the Netherlands. JAMA
Ophthalmol. 2021 Jan 1;139(1):85-92.

Park SJ, Choi NK, Park KH, Woo SJ. Five Year Nationwide Incidence of Rhegmatogenous
Retinal Detachment Requiring Surgery in Korea. Vavvas D, editor. PLoS ONE. 2013 Nov
13;8(11):80174.

Hayashi K, Ohno-Matsui K, Shimada N, Moriyama M, Kojima A, Hayashi W, et al. Long-
term Pattern of Progression of Myopic Maculopathy. Ophthalmology. 2010
Aug;117(8):1595-1611.e4.

Yokoi T, Ohno-Matsui K. Diagnosis and Treatment of Myopic Maculopathy. Asia-Pacific
Journal of Ophthalmology. 2018 Nov;7(6):415-21.

Buch H, Vinding T, la Cour M, Appleyard M, Jensen GB, Vesti Nielsen N. Prevalence and
causes of visual impairment and blindness among 9980 Scandinavian adults.
Ophthalmology. 2004 Jan;111(1):53-61.

Xul,WangV,LiY, Wang, CuiT, LiJ, et al. Causes of Blindness and Visual Impairment in
Urban and Rural Areas in Beijing. Ophthalmology. 2006 Jul;113(7):1134.e1-1134.e11.

Moore M, Lingham G, Flitcroft DI, Loughman J. Myopia progression patterns among
paediatric patients in a clinical setting. Ophthalmic and Physiological Optics.
2024;44(2):258-69.

Zhou WJ, Zhang YY, Li H, Wu YF, Xu J, Lv S, et al. Five-Year Progression of Refractive
Errors and Incidence of Myopia in School-Aged Children in Western China. Journal of
Epidemiology. 2016;26(7):386-95.



488
489
490

491
492
493

494
495

496
497

498
499
500

501
502
503

504
505
506

507
508
509

510
511
512

513
514
515

516
517
518

519
520
521

522
523

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Tideman JWL, Snabel MCC, Tedja MS, van Rijn GA, Wong KT, Kuijpers RWAM, et al.
Association of Axial Length With Risk of Uncorrectable Visual Impairment for Europeans
With Myopia. JAMA Ophthalmol. 2016 Dec 1;134(12):1355-63.

McCrann S, Flitcroft I, Lalor K, Butler J, Bush A, Loughman J. Parental attitudes to
myopia: a key agent of change for myopia control? Ophthalmic Physiologic Optic. 2018
May;38(3):298-308.

Bullimore MA, Brennan NA. Myopia: An ounce of prevention is worth a pound of cure.
Ophthalmic and Physiological Optics. 2023;43(1):116-21.

Bullimore MA, Ritchey ER, Shah S, Leveziel N, Bourne RRA, Flitcroft DI. The Risks and
Benefits of Myopia Control. Ophthalmology. 2021 Nov;128(11):1561-79.

Chamberlain P, Bradley A, Arumugam B, Hammond D, McNally J, Logan NS, et al. Long-
term Effect of Dual-Focus Contact Lenses on Myopia Progression in Children: A 6-year
Multicentre Clinical Trial. Optometry and Vision Science. 2022 Jan 24;99(3):204-12.

Yam JC, Zhang XJ, Zhang Y, Wang YM, Tang SM, Li FF, et al. Three-Year Clinical Trial of
Low-Concentration Atropine for Myopia Progression (LAMP) Study: Continued Versus
Washout: Phase 3 Report. Ophthalmology. 2022 Mar 1;129(3):308-21.

Lam CSY, Tang WC, Zhang HY, Lee PH, Tse DYY, Qi H, et al. Long-term myopia control
effect and safety in children wearing DIMS spectacle lenses for 6 years. Sci Rep. 2023
Apr 4;13(1):5475.

Rim TH, Kim SH, Lim KH, Choi M, Kim HY, Baek SH, et al. Refractive Errors in Koreans:
The Korea National Health and Nutrition Examination Survey 2008-2012. Korean J
Ophthalmol. 2016;30(3):214-24.

Williams KM, Verhoeven VIM, Cumberland P, Bertelsen G, Wolfram C, Buitendijk GHS, et
al. Prevalence of refractive error in Europe: the European Eye Epidemiology (E3)
Consortium. Eur J Epidemiol. 2015 Apr;30(4):305-15.

Flaxman AD, Wittenborn JS, Robalik T, Gulia R, Gerzoff RB, Lundeen EA, et al. Prevalence
of Visual Acuity Loss or Blindness in the US: A Bayesian Meta-analysis. JAMA
Ophthalmol. 2021 Jul 1;139(7):717-23.

Flitcroft DI, He M, Jonas JB, Jong M, Naidoo K, Ohno-Matsui K, et al. IMI — Defining and
Classifying Myopia: A Proposed Set of Standards for Clinical and Epidemiologic Studies.
Invest Ophthalmol Vis Sci. 2019 Feb 28;60(3):M20.

Liang J, Pu Y, Chen J, Liu M, Ouyang B, Jin Z, et al. Global prevalence, trend and
projection of myopia in children and adolescents from 1990 to 2050: a comprehensive
systematic review and meta-analysis. Br J Ophthalmol. 2024 Sep 24;bjo-2024-325427.

Tsai TH, Liu YL, Ma IH, Su CC, Lin CW, Lin LLK, et al. Evolution of the Prevalence of
Myopia among Taiwanese Schoolchildren. Ophthalmology. 2021 Feb;128(2):290-301.



524
525

526
527

528
529

530
531
532

533
534
535
536
537

538
539
540

541
542

543
544

545
546
547

548
549
550

551
552
553

554
555

556
557

558
559

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Vitale S, Ellwain L, Cotch MF, Ferris FL, Sperduto R. Prevalence of Refractive Error in the
United States, 1999-2004. Arch Ophthalmol. 2008 Aug 11;126(8):1111-9.

Park JY, Byun SJ, Woo SJ, Park KH, Park SJ. Increasing trend in rhegmatogenous retinal
detachment in Korea from 2004 to 2015. BMC Ophthalmol. 2021 Dec;21(1):406.

He X, Logan NS, Wolffsohn JS. The case for treating all children with myopia control
interventions. Ophthalmic Physiologic Optic. 2025 Apr 3;0p0.13492.

Hu B, Liu Z, Zhao J, Zeng L, Hao G, Shui D, et al. The Global Prevalence of Amblyopia in
Children: A Systematic Review and Meta-Analysis. Frontiers in Pediatrics. 2022 May
4;10:819998.

Schumacher AE, Kyu HH, Aali A, Abbafati C, Abbas J, Abbasgholizadeh R, et al. Global
age-sex-specific mortality, life expectancy, and population estimates in 204 countries
and territories and 811 subnational locations, 1950-2021, and the impact of the COVID-
19 pandemic: a comprehensive demographic analysis for the Global Burden of Disease
Study 2021. The Lancet. 2024 May;403(10440):1989—-2056.

Kim H, Shahraki K, Suh DW. Myopia trends among children and adolescents: a
nationwide study in South Korea. Journal of American Association for Pediatric
Ophthalmology and Strabismus. 2024 Aug;28(4):103969.

Flitcroft DI. The complex interactions of retinal, optical and environmental factors in
myopia aetiology. Progress in Retinal and Eye Research. 2012 Nov;31(6):622—60.

Bullimore MA, Brennan NA. Myopia Control: Why Each Diopter Matters. Optom Vis Sci.
2019 Jun;96(6):463-5.

Hopf S, Korb C, Nickels S, Schulz A, Minzel T, Wild PS, et al. Prevalence of myopic
maculopathy in the German population: results from the Gutenberg health study. BrJ
Ophthalmol. 2019 Dec 16;bjophthalmol-2019-315255.

Moore M, Loughman J, Butler JS, Ohlendorf A, Wahl S, Flitcroft DI. The Refractive Error
and Vision Impairment Estimation with Spectacle Data Study. Ophthalmology Science.
2022 Mar 1;2(1):100092.

Haarman AEG, Enthoven CA, Tideman JWL, Tedja MS, Verhoeven VJM, Klaver CCW. The
Complications of Myopia: A Review and Meta-Analysis. Invest Ophthalmol Vis Sci. 2020
Apr 29;61(4):49.

Rizzieri N, Hoang QV, Flitcroft I. Can we predict which high myopes will develop
pathological myopia? Ophthalmic Physiologic Optic. 2025 Mar 10;45(4):906—10.

Strang NC, Winn B, Bradley A. The role of neural and optical factors in limiting visual
resolution in myopia. Vision Research. 1998 Jun;38(11):1713-21.

Krantz EM. Measuring Refraction in Adults in Epidemiological Studies. Arch Ophthalmol.
2010 Jan 1;128(1):88-92.



560
561
562

563
564
565
566

567
568
569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

43. Doyle M, O’'Dwyer V, Moore M, Harrington S. Accuracy and repeatability of
autorefraction in young adults: a comparison of cycloplegic and non-cycloplegic
methods. Clinical and Experimental Optometry. 2025 Aug 10;1-11.

44. Hashemi H, Khabazkhoob M, Jamali A, Emamian MH, Lanca C, Parssinen O, et al.
Comparative analysis of cycloplegic and non-cycloplegic refraction techniques for
assessing refractive error in adults: a population-based study. Clinical and Experimental
Optometry. 2025 Jul 30;1-14.

45. Li Z, Wang W, Liu R, Wang D, Zhang J, Xiao O, et al. Choroidal thickness predicts
progression of myopic maculopathy in high myopes: a 2-year longitudinal study. Br J
Ophthalmol. 2021 Dec;105(12):1744-50.

Figure 1: Distribution of right eye spherical equivalent for participants aged 18-39 and aged
40-79 in both the National Health and Nutrition Survey (NHANES) and Korean National
Health and Nutrition Survey (KNHANES). The y axis for the top and bottom panels has a
different scale due to the United States having almost 7 times the population of South

Korea.

Figure 2: Kaplan-Meier survival curves showing the estimated, visual impairment probability
for no myopia (> -0.50 D), low myopia (<-0.50 & > -3.00 D), moderate myopia (<-3.00 & > -
6.00 D) and high myopia (< -6.00 D) estimated for the entire population aged 40 to 79 for

the United States and South Korea.

Figure 3: Logistic regression for both the National Health and Nutrition Survey (NHANES)
and Korean National Health and Nutrition Survey (KNHANES) showing the risk of visual

impairment with worsening myopia.
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Figure 4: Predicted risk of visual impairment (20.3 logMAR) by age and spherical equivalent
refraction (SER) in the National Health and Nutrition Survey (NHANES) and Korean National
Health and Nutrition Survey (KNHANES) on a logit scale. Parallel slopes indicate similar age-
related effects across both populations, while the wider separation of the KNHANES curves
demonstrates the steeper increase in risk associated with myopia in the South Korean

cohort.

Figure 5: Predicted risk of visual impairment (20.3 logMAR) by sex and spherical equivalent
refraction (SER) in the National Health and Nutrition Survey (NHANES) and Korean National
Health and Nutrition Survey (KNHANES). For the NHANES, the risk of visual impairment was
not significantly different between the two sexes whereas for the KNHANES the risk was

significantly greater for female sex.

Figure 6: Comparison of NHANES and KNHANES model estimates of visual impairment rates
with those of Bullimore et al.'® using a visual impairment threshold of < 20/40. The NHANES
results showed a slightly greater risk at lower levels of myopia but aligned reasonably well at
higher levels of myopia. The Bullimore et al. model significantly underestimated risk of

visual impairment compared to our model in the South Korean population.



Table 2: Survey-weighted Odds Ratio of visual impairment in myopes compared to age-matched
emmetropes for both the National Health and Nutrition Survey (NHANES) and Korean National
Health and Nutrition Survey (KNHANES) across different spherical equivalent refraction (SER)

categories and age groups. The emmetropic group acts as the reference for that age group and

survey in each column.

Odds ratio vs emmetropia (95% Cl)

40-59 years 60—-79 years
USA (NHANES)
Emmetropia 1.00 (Reference) 1.00 (Reference)
Low Myopia 1.14 (0.66-1.98) 1.84 (1.17-2.87)

Moderate Myopia

2.44 (1.29-4.62)

2.34 (1.40-3.90)

High Myopia 4.88 (2.08-11.43) 5.24 (2.53-10.88)
Korea (KNHANES)

Emmetropia 1.00 (Reference) 1.00 (Reference)
Low Myopia 1.28 (0.79-2.07) 2.00 (1.61-2.48)

Moderate Myopia
High Myopia

1.91 (0.94-3.87)
13.28 (8.09-21.79)

4.98 (3.39-7.33)
13.29 (8.33-21.22)



Table 1: Visual impairment prevalence for older and younger participants of the National Health and Nutrition Survey (NHANES) and
Korean National Health and Nutrition Survey (KNHANES) for different categories of spherical equivalent refraction (SER). Counts [for
Total and VI(n)] are the unweighted raw data. Visual impairment prevalence is presented as survey-weighted, population-
representative estimates.

Age 18-39 Age 40-59 Age 60-79

VI (Y%oweighted, Mean VI (%oweighted, Mean VI (Yoweighted, Mean

Total - VI (n) 95%Cl)  SER (D) Total VI(M) "ose6cy  ser@) @ VIO 95%Cl)  SER (D)

USA (NHANES)

Emmetropia 5240 89 1.2 (0.8, 1.6) 0.06 2899 39 1.1(0.6,1.6) 0.12 1447 101 6.1(4.5,7.7) 0.24
Low Myopia 3279 115 28(2.1,36) -1.27 1890 37 1.3(0.7,1.8) -1.29 831 120 10.6(7.9, 13.3) -1.37
Moderate Myopia 973 38 26(1.5,36) -4.18 616 25 2.6(1.4,3.9 -4.19 195 32 13.2 (7.4, 18.9) -4.06
High Myopia 365 35 5.7(3.0,8.5) -8.18 213 16 5.2(1.7,8.6) -8.39 61 17 25.3(7.1,43.5) -8.52

Korea (KNHANES)

Emmetropia 3053 12 0.4(0.1,0.6) 0.00 7099 50 0.7(04,09) 011 3920 310 7.1(6.1, 8.0) 0.26
Low Myopia 6194 35 0.7(0.4,1.0) -1.40 6239 68 0.9(0.6,11) -1.29 1742 266 13.2(11.3,15.1) -1.19
Moderate Myopia 3178 25 0.8(0.4,1.1) -4.23 1864 25 1.3(0.5,2.1) -4.21 242 74 275(20.2,34.7) -4.08

High Myopia 1215 40  3.2(1.9,4.5) -7.82 619 57 85(5.9, 11.0) -8.11 119 63 50.3(38.9,61.6) -9.80
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Predicted Probability of Visual Impairment
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Predicted Probability of Visual Impairment
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Predicted Probability of Visual Impairment (%)
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Predicted Probability of Visual Impairment (%)

NHANES model vs Bullimore et al.

KNHANES model vs Bullimore et al.
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Myopia represents a significant risk for visual impairment in both the United States and South Korea,
with risk increasing in a dose response manner across all levels of myopia.



