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Abstract

Purpose: To determine the prevalence and annual trend of the number of incident cases of myopia and high
myopia in children.

Design: Nationwide, comprehensive claims database study.

Participants: Of 15 million children aged < 14 years, those covered by the universal health insurance were
included. The validation study of the claims-based definitions of myopia and high myopia was conducted using
14,654 individuals aged < 14 years recruited from 11 diverse medical facilities.

Methods: This study comprises a national claims database analysis and a multicenter validation study. With
permission from the Ministry of Health, Labor and Welfare, data from the National Database of Health
Insurance Claims and Specific Health Checkups of Japan, which contains the nationwide health insurance
claims data, was assessed. All individuals aged < 14 years were reviewed and children with existing and new
onset of myopia or high myopia between January 2011 and December 2020 were identified. A validation study
was conducted by reviewing electric medical records.

Main Outcome Measures: Prevalence of myopia as of October 1, 2020 and the annual number of incident cases
during 2014-2020.

Results: According to the 2020 population census, there were 14,955,692 children aged < 14 years. Among
them, 5,498,764 patients had myopia on October 1, 2020, corresponding to a prevalence of 36.8%. The number
of incident cases of myopia was highest at 8 years of age, increasing from 853.3 cases/person-year in 2015 to
910.7 cases/person-year in 2020. The prevalence of high myopia increased with age, peaking at 0.46% among
children aged 10-14 years; the number of incident cases annually increased in 5-9 and 10-14-year-olds. In the
year 2020, when the COVID-19 pandemic occurred, a discontinuous increase in the number of incident cases of
myopia was observed in children aged 8-11 years, not 12-14 years. The overall sensitivity and specificity of the
claims-based definition for myopia were 88.5% and 79.2%, respectively, while the corresponding values for
high myopia were 41.6% and 99.8%.

Conclusions: This first comprehensive nationwide study revealed the prevalence and annual incidence trends of

myopia and high myopia. These findings complement the results of previous high-quality cohort studies,
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77 offering a more comprehensive understanding of myopia trends.
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INTRODUCTION

Myopia, commonly termed as nearsightedness, is a refractive error with significant worldwide prevalence. It is
characterized by the ability to clearly see nearby objects while distant objects appear blurred. The World Health
Organization (WHO) recognizes uncorrected myopia as a major cause of visual impairment worldwide.*
Furthermore, the degree of myopia is associated with an increased risk of various ocular and systemic diseases.?
Pathological myopia, often observed in highly myopic eyes, is among the leading causes of irreversible visual
impairment and blindness among middle-aged and older individuals worldwide.3#

Recently, there has been a steady increase in the prevalence of myopia among children. Prevalence of
myopia (spherical equivalent < —0.5 D) among 15-year-olds was reported to be >80% among East Asians™® and
50% of the population in Southern California.” Further, the prevalence of high myopia (spherical equivalent <
—6 D) among 14-16-year-olds was reportedly 6.69%-11.3% in Asian countries.®®° Meticulously planned and
executed cohort studies have provided immense value by obtaining detailed individual-level data with strong
population representativeness (Table 1). However, the challenge lies in obtaining such large-scale and detailed
data at high frequencies, which affects the speed at which data are generated and their real-time nature. In
contrast, national claims database studies, such as the present study, although facing challenges in individual
data accuracy, maintain population representativeness and high data velocity. This makes them particularly
useful for capturing temporal trends. The limitations in individual data accuracy can be mitigated to some extent
through appropriate validation studies. Thus, cohort studies and national claims database research each have
their strengths and limitations. Combining insights from both approaches can yield a more comprehensive
understanding of myopia epidemiology. Nevertheless, although numerous high-quality cohort studies have been
conducted, there has been a notable absence of comprehensive national claims database approaches to explore
myopia epidemiology. The present study aimed to complement existing high-quality cohort studies by providing
annual trends in myopia incidence and prevalence within the pediatric population, utilizing large-scale, claims
data. This information is crucial for developing and refining effective management and prevention strategies for
myopia.

Therefore, we conducted a nationwide claims database study to evaluate the prevalence and the
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number of incident cases of myopia and high myopia. We utilized the National Database of Health Insurance
Claims and Specific Health Checkups of Japan (NDB),® which covers > 95% of the claims issued in Japan,*
with permission from the Japanese Ministry of Health, Labor, and Welfare (MHLW). Claims database analysis
has a major limitation in that patients who do not visit hospitals cannot be identified. Accordingly, since patients
with non-pathological myopia do not generally visit ophthalmology clinics, claims database analysis may be
inappropriate for evaluating the epidemiology of myopia. However, in Japan, all 3-year-old infants as well as
elementary and junior high school students (i.e., students aged 614 years) are required to undergo
ophthalmological health checkups under the Maternal and Child Health Act and the School Health and Safety
Act, respectively. Moreover, all children with an uncorrected visual acuity < 20/20 are required to visit an
ophthalmologist and submit their examination results to their school. Therefore, considering the additional
compulsory education in Japan, almost all children with myopia visit ophthalmology clinics and are issued the
corresponding claims.

Given these unique conditions, we aimed to conduct the first nationwide claims database study on the
prevalence and the number of incident cases of myopia and high myopia. Further, we aimed to evaluate the

nationwide impact of the COVID-19 pandemic on the incidence of myopia.

METHODS

We performed a national claims database analysis and validation study of the claims-based definitions of
myopia and high myopia using electronic medical records (EMR). This retrospective observational study was
approved by the ethics committees of Kyoto University Hospital and Kyoto University Graduate School of
Medicine (No. R2405 and R2793) and adhered to the tenets of the Declaration of Helsinki. Informed consent

was obtained using an opt-out method.

Database
We analyzed the National Database of Health Insurance Claims and Specific Health Check-ups of Japan (NDB),

which is the largest national claims database worldwide and is managed by the Japanese MHLW. Although
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previously described,'?%* we have summarized details regarding the NDB in the Supplementary Note. This
study was conducted during the MHLW-approved study period between August 23, 2021, and February 22,
2022. Upon commencement of the study, the NDB contained > 14 billion claims generated between 2008 and

2021.

Definition and Validation

Diagnoses of myopia and high myopia were determined based on the NDB diagnostic codes for the
corresponding refractive status. Table S2 summarizes the correspondence among NDB diagnostic codes,
International Classification of Diseases (ICD)-10 diagnostic codes, and refractive status. The validity of these
definitions was evaluated in the subsequent validation study.

The validation study was conducted by reviewing EMR data from multiple centers, including
university and general hospitals, and private ophthalmology clinics, to avoid institutional bias. Finally, we
included 11 institutes, which comprised two university hospitals (Yamanashi University Hospital and Nagasaki
University Hospital), two general hospitals (Kurashiki Central Hospital and Japanese Red Cross Wakayama
Medical Center), and seven private clinics (Musashi Dream Clinic, Morooka Eye Clinic, Niimi Eye Clinic, Ray
Eye Clinic, Nakanishi Eye Clinic, Yamaike Eye Clinic, and Futaba Eye Clinic). We extracted the following
patient data from the EMR: date of birth, sex, disease names and their diagnostic codes, date when the disease
names were assigned, all refractive indices measured using an autorefractor, and the date of refractory measured
date.

The validity of the claims-based definitions was evaluated for participants aged < 14 years who
underwent refraction measurement. First, we specified the earliest date of refraction measurement and excluded
individuals without diagnostic codes for refractive errors within the same month. Second, we extracted the
earliest measured refractive index and the corresponding diagnostic code for refractive error. In our validation
study, we performed two distinct analyses. For myopia validation, we dichotomized patients into two groups
based on their spherical equivalent: non-myopia (> —0.5D) and myopia (< —0.5D). Separately, for high myopia
validation, we performed another dichotomization: non-high myopia (> —6D) and high myopia (< —6D). This
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approach allowed us to properly calculate sensitivity, specificity, positive predictive value, and negative
predictive value for both myopia and high myopia diagnoses independently. Additionally, we calculated the
aforementioned values with age stratification.

In the case of multiple refraction measurements within a month, the most positive value was used for
participants aged < 8 years, and the most negative value for those aged 9-14 years. This approach reflects the
common clinical practice in Japan, where cycloplegic refraction is commonly performed in younger children (<
8 years), typically resulting in more positive refractive values compared to non-cycloplegic measurements. In
older children, where cycloplegia is less commonly used, we selected the more negative value for two reasons:
first, the difference between cycloplegic and non-cycloplegic measurements becomes minimal in this age group,
and second, some measurements may have been taken over contact lenses, which typically yield more positive

values.

Number of Incident Cases and Prevalence of Myopia and High Myopia
After linking all the claims as previously described,**** we identified the unique 1Ds of individuals diagnosed
with myopia or high myopia between January 1, 2011, and December 31, 2020.

The prevalence was calculated based on individuals diagnosed with myopia at any time until October
1, 2020, when a census was conducted in Japan. The onset of myopia was defined as the date on which the
claim containing the myopia diagnostic code was initially issued. Further, we counted the number of incident
cases of myopia after 2014, having reserved 3 years from January 1, 2011, to December 31, 2013 as the washout
period to ensure that it was the first diagnosis of myopia. In this study, “the number of incident cases” is
reported as the number of new cases occurring per 10,000 individuals. A similar approach was used to calculate
the prevalence and the number of incident cases of high myopia. Given the very small number of children with
high myopia, they were evaluated as a group at 5-year intervals in accordance with Japanese regulations.

The 2020 population census, which was used to calculate the prevalence, and the annual estimates
between 2014 and 2020, were provided by the Japanese Ministry of Internal Affairs and Communications; they

were used to define the entire population and each subgroup population (available at
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https://www.stat.go.jp/english/data/index.html, accessed April 24, 2023).

Impact of the COVID-19 Pandemic

In Japan, the first case and outbreak of COVID-19 were confirmed in January and February 2020, respectively.
Following the second outbreak in mid-March 2020, the Government of Japan declared a state of emergency on
April 7, 2020. The third peak occurred at the beginning of August 2020.% Accordingly, the lifestyles of Japanese
children changed dramatically, including extensive online schooling, less time spent outdoors, and increased
screen time. Therefore, we compared the number of incident cases of myopia between 2019 (pre-pandemic) and

2020 (post-pandemic).

Statistical Analysis
Values are presented as 95% confidence intervals where applicable. All analyses were performed using the R

statistical software (R Foundation for Statistical Computing, Vienna, Austria). URL: https://www.R-project.org/).

Because the target of the current study was not a sampling dataset but a population itself, we did not need for

statistical comparison.

RESULTS

Validation Study

The validation study included 14,654 individuals aged < 14 years. Patient characteristics are summarized in
Table S3. There were 7,232 males (49.4%), with a mean age of 7.90 £ 3.57 years (mean + standard deviation)
and a mean refractive index of —0.68 + 2.76D. Tables S4 and S5 present the validation study results. The overall
sensitivity and specificity of the claims-based diagnosis of myopia were 88.5% and 79.2%, respectively. The
sensitivity was > 80% at > 4 years old. The specificity was greater than 75% at all ages except for 7, 8, and 14
years. When the myopia prevalence was assumed to be 20%, the positive and negative predictive values were
51.6% and 96.5%, respectively. When the myopia prevalence was assumed to be 80%, the positive and negative

predictive values were 94.5% and 63.3%, respectively.
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The overall sensitivity and specificity of the claims-based diagnosis of high myopia were 41.6% and
99.8%, respectively. Sensitivity tended to increase with age and was approximately 45% for children aged >10
years. The confidence interval for sensitivity was relatively wide given the small number of children with high
myopia. However, the specificity was > 98% for all ages. Assuming a 0.5% prevalence of high myopia, the

positive and negative predictive values were 53.7% and 99.7%, respectively.

Prevalence of Myopia

According to the 2020 population census in Japan, there were 14,955,692 children aged < 14 years. Among
them, 5,498,764 patients who were identified as having myopia on October 1, 2020, corresponding to a
prevalence of 36.8%. When stratified according to age, the prevalence of myopia increased with age, rising to
83.2% at 14 years old (77.1% in males and 89.6% in females). The most rapid increase in the average myopia
prevalence (19.4% to 50.4%) occurred between the ages of 6-9 years. When further stratified by sex, there were
no sex differences up to the age of 7 years. However, from the age of > 8 years, the prevalence of myopia among

females gradually surpassed that among males (Figure 1 and Table S6).

Number of Incident Cases of Myopia

Figure 2A and Table S7 present the number of age-stratified incident cases of myopia between 2014 and 2020.
There were three discontinuous changes in the number of incident cases between the ages of 2 and 3 years, 5
and 6 years, and 11 and 12 years, which corresponded to the beginning of the Health Checkup for Three-Year-
Old Infants, elementary school enrollment, and junior high school enrollment, respectively. The humber of
incident cases of myopia peaked at the age of 8 years after 2015, with an annual increase from 853.3
cases/person-year in 2015 to 910.7 cases/person-year in 2020. There were annual increasing and decreasing
trends in the number of incident cases of myopia among children aged 3-8 years and 10-14 years, respectively.
Particularly, the largest decrease in the number of incident cases of myopia between 2014 and 2020 occurred
among 14-year-old children (743.9 cases/person-year in 2014 to 566.7 cases/person-year in 2020), followed by
among 13-year-old children (794.9 cases/person-year in 2014 to 643.5 cases/person-year in 2020).
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Figures 2B and C present the comparisons of the number of age- and sex-stratified incident cases of
myopia between 2014 and 2019. In both 2014 and 2019, there was a sex difference in the number of incident
cases of myopia among children aged > 7 years. In 2014, the number of incident cases of myopia exhibited a
bimodal peak for both sexes, with the first and second peaks occurring at the ages of 9 and 12 years, respectively.
Another bimodal peak was observed in 2019, with the first and second peaks occurring at the ages of 8 and 12
years, respectively; however, the number of incident cases was lower than that in 2014 (Figure 2B, C, and Table

S8).

Prevalence and Number of Incident Cases of High Myopia

Figure 3 shows the comparison of the age- and sex-stratified prevalence, the number of age-stratified incident
cases from 2014 to 2020, and the number of age- and sex-stratified incident cases in 2014 and 2019 between
high myopia and myopia. The prevalence of high myopia increased with age to 0.46% (0.42% in males and
0.51% in females) in the 10-14 years age group. Although it was similar between males and females in the 5-9
years age group, it was higher among females in the 10-14 years age group.

The number of incident cases of high myopia increased from 2014 to 2020 in both the 5-9 and 10-14
years age groups (1.21 cases/person-year in 2014 to 1.75 cases/person-year in 2020, and 12.4 cases/person-year
in 2014 to 13.7 cases/person-year in 2020, respectively). Comparisons of the number of sex-specific incident
cases of high myopia and myopia in 2014 and 2019 confirmed the aforementioned trends in both males and

females.

Impact of COVID-19 Pandemic on the Number of Incident Cases of Myopia

Figure 2A shows a comparison of the number of age-stratified incident cases of myopia between 2014 and 2020.
Within this dataset, we conducted a focused comparison between 2019 and 2020. The number of incident cases
of myopia decreased and increased in 2020 compared to 2019 among children aged 3—-6 and 8-11 years,
respectively. The number of incident cases of high myopia increased from 2019 to 2020 in all age groups (0-4
years, 0.59 cases/person-year in 2019 to 0.68 cases/person-year in 2020; 5-9 years, 1.51 cases/person-year in
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2019 to 1.75 cases/person-year in 2020; and 10-14 years, 13.5 cases/person-year in 2019 to 13.7 cases/person-

year in 2020).

DISCUSSION

We conducted a nationwide claims database study to assess the epidemiology of myopia in Japan. Further, we
clarified the epidemiology of early-onset high myopia, which is often associated with irreversible visual
impairment in the middle or later stages of life. Given the public health threat of myopia, this study provides
significant implications with respect to public health and elucidation of the epidemiology of myopia since it is
the first nationwide claims database study on the prevalence and incidence of myopia and early-onset high
myopia.

Myopia is caused by the combined influence of genetic and environmental factors.61° However,
recently, there has been an increase in the prevalence of myopia, especially among young individuals?®?* which
could be attributed to factors such as prolonged reading of books and the widespread use of digital devices,
which increases screen time and reduces time spent outdoors.??-?* Since the myopia-related decrease in
uncorrected visual acuity affects daily life and academic performance, some Asian countries with a high
prevalence of myopia have implemented myopia prevention programs.?> Females are considered to have a
higher prevalence of myopia than males; however, the age at which sex differences emerge remains unclear. Our
results demonstrated that the myopia prevalence started gradually showing sex differences after the age of 8
years, reaching a difference of > 10% by the age of 14 years. These findings could inform future policymaking
and educational campaigns. Further studies are warranted to elucidate the pathogenesis of myopia.

Although several studies have investigated the incidence of myopia among schoolchildren, this is the
first nationwide comprehensive study. Table 1 summarizes the literature published over the past two decades.
There are considerable variations in the reported prevalence rates, even in Asia. For example, the incidence rates
ranged from 31.7% in Taiwan?® to 10.6% in China.?” This discrepancy can be attributed to various factors,
including geographical distinctions within the same country (such as urban or rural areas) and even variances
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within the same urban locality (such as areas with higher and lower rates of educational advancement). In our
study, the number of incident cases of myopia was highest at the age of 8 years, with 868.5 cases per 10,000
person-years, which is consistent with previous reports. Since this was a nationwide comprehensive study, the
validity of the results can be considered high.

Consistent with the progressive decrease in the age of myopia onset, the number of incident cases of
myopia showed an upward and downward trajectory among children aged < 8 years and > 10 years, respectively
(Figure 2A). When stratified by sex, a divergence in the number of incident cases emerged at the age of 7 years,
consistent with the sex differences observed in the number of incident cases from the age of > 8 years (Figure 1,
Figure 2B). Furthermore, there was a gradual decrease in the age of myopia onset in both sexes, indicating the
absence of sex differences in this trend. The current nationwide surveys, when interpreted alongside other
epidemiological evidence, provides insights into myopia trends and may serve as one of the monitoring
indicators.

Nationwide surveys are beneficial for both policy evaluation and natural experiments. In the present
study, the COVID-19 pandemic provided the context for a natural experiment. Generally, a decrease in the
number of incident cases was observed in 2020, particularly in preschool children aged 3-6 years. This
likely reflects strong reductions in medical visits due to the pandemic rather than an actual decrease in
myopia onset. It is presumed that, for young children, there was a stronger tendency to refrain from
seeking medical attention for less urgent symptoms during this period. Nevertheless, despite the tendency
to avoid healthcare visits, the number of incident cases of myopia exhibited a discontinuous increase in 2020 in
children aged 8-11 years, which deviated from the previous annual trend (Figure 2A). This can be attributed to
the aforementioned unique conditions of the COVID-19 pandemic (i.e., a reduction in time spent outdoors and
an increase in screen time).

High myopia can cause complications and irreversible visual impairment. It is known to increase the
risk of glaucoma by 7.3 times,?® retinal detachment by >21.5 times,?® and myopic macular degeneration by 60
times.?*3° Complications of high myopia are a significant cause of blindness in developed countries, making it a
significant public health issue. Despite the increasing prevalence of high myopia among school-age children,

13



313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

there have been no nationwide surveys, with several cohort studies being the only reference for its prevalence
and incidence rates. The largest study evaluating the prevalence of high myopia in children was the Beijing
Childhood Eye Study in 2014, which reported that the prevalence of high myopia was 3.1% among children
aged 10-14 years.3! Additionally, a survey conducted in Hong Kong between 2005 and 2010 reported a high
myopia prevalence of 3.8% among 12-year-olds.®? These findings may reflect the characteristics of urban areas,
which may have resulted in higher numbers. In the current study, the prevalence of high myopia was 0.46%
among children aged 10-14 years, which was lower than previously reported values. However, despite the
relatively low prevalence of high myopia, an increasing trend was observed between 2014 and 2019 for both the
5-9 and 10-14 years age groups, with increases by 1.45 times and 1.10 times, respectively.

Despite the aforementioned strengths of this nationwide claims database study, there are claims
database analysis-specific limitations. First, the accuracy of the diagnosis is generally a major limitation. To
address this issue, we conducted a validation study covering various regions and institutional scales. The
validation study revealed good diagnostic accuracy (Table S4), indicating the reliability of our findings. Second,
claims database analyses cannot account for patients who did not visit the hospital. While Japan's school health
system encourages ophthalmic examinations for children with reduced visual acuity, the voluntary nature of
compliance means we cannot assume complete coverage of all myopic children. This, combined with variations
in examination procedures such as the use of cycloplegic refraction, introduces uncertainty into our prevalence
estimates. Moreover, caution is warranted when interpreting data from the pandemic period. This is because
changes in healthcare-seeking behavior may have influenced the results. Third, While Japan's universal health
insurance system provides standardized coverage and predictable costs nationwide, we acknowledge that
economic factors may still influence healthcare-seeking behavior as well. Finally, although the NDB serves as a
comprehensive administrative database encompassing most medical care services across the entire Japanese
population, it does not incorporate medical care expenses covered by social welfare programs or industrial
accident compensation insurance. Consequently, we may have overlooked some myopia cases. Nevertheless,
given the infrequency of such cases, we posit that their impact on the overall findings is minimal.

In conclusion, this is the first comprehensive nationwide claims database study on myopia and high

14



339

340

341

342

343

344

345

346

347

348

349

myopia evaluating their prevalence and the number of incident cases. Since myopia and high myopia are public
health threats, understanding their epidemiology is of great importance. The current study offers valuable

information for future myopia prevention strategies and policy-making in various countries, particularly in Asia.
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FIGURE LEGENDS
FIGURE 1. Prevalence of myopia in Japan stratified by age and sex in 2020.

The prevalence increased with age from 19.4% at 6 years to 83.2% at 14 years. A rapid surge in prevalence was
observed between the ages of 6-9 years, increasing from 19.4% to 50.4%. Although there were no sex
differences in the prevalence up to the age of 7 years, the prevalence among females exceeded that among males

from the age of 8 years onwards.

FIGURE 2. Number of age- and-year-stratified incident cases of myopia from 2014 to 2020 (A); Number
of age-and sex-stratified incident cases of myopia in 2014 (B) and 2019 (C).

A. Three discontinuous changes corresponded to the beginning of Health Checkup for Three-Year-Old Infants,
elementary school enrollment, and junior high school enrollment, respectively. There was an annual increasing
and decreasing trend of the number of incident cases of myopia among children aged 3-8 and 10-14 years,
respectively. Particularly, the largest decrease in the number of incident cases of myopia from 2014 to 2020 was
observed in children aged 14 years. A decrease and increase in the number of incident cases in 2020 compared
with that in 2019 was observed in children aged 3—6 and 8-11 years, respectively.

* Elementary school enroliment

+ Junior high school enrollment

B, C. In both 2014 and 2019, there were sex differences in the number of incident cases among children aged >
7 years. A bimodal pattern of the number of incident cases was observed in both years: in 2014 (B), peaks
occurred at ages 9 and 12, while in 2019 (C), peaks occurred at ages 8 and 12, with the peak in 2019 showing a

lower rate than that in 2014.
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FIGURE 3. For both high myopia (A-D) and myopia (E-H): Age- and sex-stratified prevalence in 2020 (A,
E); Number of age-stratified incident cases from 2014 to 2020 (B, F); Number of age- and sex-stratified
incident cases in 2014 (C, G) and 2019 (D, H).

The prevalence of high myopia increased with age and tended to increase in females with increasing age (A),
which was similar to the trend observed for myopia (E). The number of incident cases of high myopia increased
from 2014 to 2020 in both the 5-9 and 10-14 years age groups (B). Contrastingly, the number of incident cases
of myopia showed an increasing and decreasing trend for ages 5-9 and 10-14 years, respectively (F).
Comparing the number of sex-specific incident cases of high myopia and myopia in 2014 and 2019 revealed that

the aforementioned trends were observed in both males and females (C, D, G, H).
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Table1

Table 1. Summary of previous cohort studies reporting the incidence of myopia in children since 2003

Click here to access/download;Table;Table1_20240124.docx %

Age at Number of Study
Starting Follow-Up Annual
Study Design Location Cycloplegia Baseline Participants Published
Year Period Incidence Author Journal
) at Baseline Year
Netherlands Yes 2008 * 6 6,690 3 years 3.5%1 Tideman et al. 3 Ophthalmology 2019
United 6 399 2.2% McCullough et
Yes 2006 6 years PLoS One 2016
Kingdom 12 669 0.7% al.3
6 1,765 2.2%
Australia Yes 2003 5-6 years French et al.®® Ophthalmology 2013
12 F 2,353 4.1%
Population-based 2015 6108 1,431 3 years 11.6%
Hong Kong Yes Zhang et al.% Br J Ophthalmol 2021
2019 6t08 923 8 months 29.7%
No 2009 7to12 1,958 4 years 6.9% 1 Ku et al.%’ Ophthalmology 2019
Taiwan
Yes 2013 7f 11,590 1 years 3L.7% Tsai et al.?® Invest Ophthalmol Vis Sci 2016
mainland Yes 2006 6015 3,070 5 years 10.6% Zhou et al.?’ J Epidemiol 2016
China Yes 2010 6 to 17 630 34 years 6.3% Linetal.® Br J Ophthalmol 2022
Yes 2010 6to8t 1,856 2 years 18.1% 1 Ma et al.®® Clin Exp Ophthalmol 2018
67 1,975 5 years 19.1-30.2%
No 2010 Wang et al.* JAMA Ophthalmol 2018
12t 2,670 2 years 24.8-29.1%
mainland
School-based Yes 2012 6tol11f 2,835 5 years 7.8-25.3% Lietal.# Invest Ophthalmol Vis Sci 2022
China
No 2014 6 to 10 1,103 2 years 13.8% 1 Wong et al.*? BMJ Open Ophthalmol 2021
6 2,432 33.6%
Yes 2016 1 years Lietal.*® BMC Ophthalmol 2018
12 F 2,346 54.0%



https://www2.cloud.editorialmanager.com/xops/download.aspx?id=170733&guid=555b65da-d637-4224-be00-e0cdaf7be739&scheme=1
https://www2.cloud.editorialmanager.com/xops/download.aspx?id=170733&guid=555b65da-d637-4224-be00-e0cdaf7be739&scheme=1

* Inferred from the description in the paper.
T Converted grades into ages.

I Calculated by dividing the cumulative incidence by the follow-up period.



Supplemental Appendix (online only)

Supplementary Note

National Database of Health Insurance Claims and Specific Health Check-ups of Japan (NDB)

Japan provides universal health coverage® and covers > 95% of all medical care claims for the entire Japanese
population of > 127 million people. The data stored in the NDB are anonymized to protect personal information;
however, a unique identification is assigned to identify individual patients. The data are made available for
academic use through several options and have yielded several significant reports; an onsite option was used in
this study. With the approval of the Japanese Ministry of Health, Labor, and Welfare (MHLW), we accessed the
database via the NDB Onsite Research Center, Kyoto, which is one of the only two centers with onsite remote
access to the complete NDB dataset. This study was conducted during the authorized research period between
August 23, 2021, and February 22, 2022. The NDB data include coded information regarding drugs and
procedures for both outpatients and inpatients as well as diagnosed diseases, which are coded according to the
International Classification of Diseases, Tenth Revision (ICD-10). Furthermore, this information was coded
according to the Japanese claim codes: NDB diagnostic codes, NDB drug codes, and NDB procedure codes. At
study commencement, data for > 14 billion claims generated between 2008 and 2021 were available. Detailed

information regarding the NDB is available in other publications.

References

1 Abe S. Japan’s strategy for global health diplomacy: Why it matters. The Lancet 2013;382:915-916.



Table S2

Supplemental Table 2. Correspondence Table of Codes Used in the Current Study.

A. Diagnostic Codes for the Definition of Myopia

NDB code Disease ICD-10 code
3671002 High Myopia H521
3671004 Myopia H521
3671005 Mild Myopia H521
3671010 Progressive Myopia H521
3671011 Moderate Myopia H521
3671012 Refractive Myopia H521
3671015 School Myopia H521
3672003 Myopic Astigmatism H522
8833933 Extreme Myopia H521

B. Diagnostic Codes for the Definition of High Myopia.

NDB code Disease ICD-10 code
3671002 High Myopia H521
8833933 Extreme Myopia H521




Table S3

Supplemental Table 3. Patient Demographics of the Validation Study.

Characteristics Value
Number 14654
Sex (male/female) 7232 (49.4%) | 7422 (50.6%)
Age, mean (SD) 7.90 (3.57)
Spherical equivalent (D), mean (SD) —0.68 (2.76)

D: diopter



Table S4

Supplemental Table 4. Validation of “Myopia”.

Age Sensitivity Specificity Positive Predictive Value Negative Predictive Value Number
0 - - - - 0
1 0.72 (0.59-0.85) 0.79 (0.72-0.87) 0.56 (0.43-0.69) 0.88 (0.82-0.95) 158
2 0.71 (0.60-0.82) 0.83(0.78-0.88) 0.52 (0.42-0.63) 0.91 (0.88-0.95) 311
3 0.58 (0.52-0.65) 0.89 (0.88-0.91) 0.47 (0.41-0.53) 0.93 (0.92-0.94) 1631
4 0.77 (0.71-0.83) 0.84 (0.82-0.86) 0.47 (0.41-0.53) 0.95 (0.94-0.97) 1107
5 0.82 (0.77-0.87) 0.82 (0.80-0.84) 0.51 (0.45-0.56) 0.95 (0.94-0.97) 1143
6 0.89 (0.85-0.92) 0.78 (0.76-0.81) 0.54 (0.49-0.58) 0.96 (0.95-0.97) 1392
7 0.92 (0.90-0.95) 0.70 (0.67-0.74) 0.68 (0.64-0.71) 0.93 (0.91-0.95) 1275
8 0.95 (0.93-0.97) 0.63 (0.59-0.67) 0.69 (0.66-0.73) 0.93 (0.91-0.96) 1281
9 0.86 (0.84-0.88) 0.80 (0.75-0.84) 0.91 (0.90-0.93) 0.69 (0.64-0.74) 1161
10 0.88 (0.86-0.90) 0.76 (0.71-0.81) 0.91 (0.90-0.93) 0.68 (0.63-0.73) 1128
11 0.90 (0.88-0.92) 0.75 (0.68-0.81) 0.94 (0.92-0.96) 0.63 (0.57-0.70) 992
12 0.91 (0.89-0.93) 0.79 (0.73-0.85) 0.96 (0.95-0.97) 0.61 (0.55-0.68) 1083
13 0.91 (0.89-0.93) 0.76 (0.69-0.82) 0.95 (0.94-0.96) 0.62 (0.55-0.68) 1029
14 0.93 (0.91-0.94) 0.66 (0.57-0.75) 0.95 (0.94-0.97) 0.55 (0.47-0.63) 963

Total 0.89 (0.88-0.89) 0.79 (0.78-0.80) 0.81 (0.80-0.81) 0.88 (0.87-0.88) 14654




Table S5

Supplemental Table 5. Validation of “High Myopia”.

Age

Sensitivity

Specificity

Positive Predictive Value

Negative Predictive Value

Number

04

5-9

10

11

12

13

14

0.41 (0.23-0.59)
0.33 (0.22-0.45)
0.46 (0.31-0.62)
0.39 (0.27-0.51)
0.46 (0.37-0.56)
0.41 (0.32-0.51)

0.42 (0.34-0.50)

1.00 (1.00-1.00)
1.00 (1.00-1.00)
1.00 (1.00-1.00)
1.00 (1.00-1.00)
1.00 (1.00-1.00)
1.00 (0.99-1.00)

1.00 (1.00-1.00)

057 (0.36-0.78)
0.62 (0.45-0.78)
1.00 (1.00-1.00)
1.00 (1.00-1.00)
0.98 (0.94-1.02)
0.95 (0.89-1.02)

1.00 (1.00-1.00)

0.99 (0.99-1.00)
0.99 (0.99-1.00)
0.98 (0.97-0.99)
0.96 (0.95-0.97)
0.95 (0.93-0.96)
0.94 (0.92-0.95)

0.90 (0.88-0.92)

3207

6252

1128

992

1083

1029

963

Total

0.42 (0.37-0.46)

1.00 (1.00-1.00)

0.90 (0.87-0.94)

0.98 (0.98-0.98)

14654




Table S6

Supplemental Table 6. Prevalence of Myopia.

Male Female Overall
Prevalence Prevalence Prevalence
Age Patients Population Patients Population Patients Population
(%) (%) (%)
0 273 425174 0.06 263 406650 0.06 536 831824 0.06
1 1795 443318 0.40 1474 423207 0.35 3269 866525 0.38
2 4267 465785 0.92 3793 444220 0.85 8060 910005 0.89
3 16023 477647 3.35 14743 456416 3.23 30766 934063 3.29
4 39665 499265 7.94 35534 474400 7.49 75199 973665 7.72
5 63047 511421 12.33 56810 487243 11.66 119857 998664 12.00
6 100964 511271 19.75 92457 485305 19.05 193421 996576 19.41
7 153554 522070 29.41 146274 498587 29.34 299828 1020657 29.38
8 209705 524058 40.02 207484 500267 41.47 417189 1024325 40.73
9 260379 537831 48.41 268064 511040 52.45 528443 1048871 50.38
10 306959 542356 56.60 323294 515380 62.73 630253 1057736 59.59
11 335288 545009 61.52 355989 518176 68.70 691277 1063185 65.02
12 377892 554827 68.11 402744 528286 76.24 780636 1083113 72.07
13 400085 552460 72.42 430594 524919 82.03 830679 1077379 77.10
14 421937 547479 77.07 467414 521625 89.61 889351 1069104 83.19
0-14 | 2691833 7659971 35.14 2806931 7295721 38.47 5498764 14955692 36.77




Table S7

Supplemental Table 7. The Number of Incident Cases of Myopia.

Year
Age
2014 2015 2016 2017 2018 2019 2020
0 9.62 9.77 9.87 11.68 12.47 14.53 14.09
1 17.28 18.38 19.27 20.72 23.16 24.79 24.70
2 43.34 44.86 45.37 47.63 46.02 47.39 45.40
3 276.82 293.17 292.07 317.94 333.39 316.52 275.83
4 297.53 306.21 304.64 320.34 329.68 323.93 272.83
5 370.18 370.53 374.11 389.00 405.83 402.59 350.85
6 663.35 691.59 713.81 732.37 760.75 767.71 719.73
7 764.99 777.69 815.35 823.43 858.07 856.70 856.61
8 833.47 853.27 858.79 863.41 884.00 877.77 910.65
9 849.96 845.64 854.88 833.71 852.44 829.63 864.20
10 801.07 805.46 791.49 771.39 759.51 749.17 784.98
11 741.31 739.74 727.57 693.06 686.00 660.68 700.68
12 825.70 803.96 787.13 750.99 710.29 693.53 690.14
13 794.91 796.25 757.71 723.14 686.82 656.66 643.50
14 743.90 732.28 701.27 658.29 608.48 579.88 566.69

*10,000 person—years



Table S8

Supplemental Table 8. The Number of Incident Cases of Myopia in 2014 and 2019.

Year
Age 2014 2019

Male Female Male Female
0 10.11 9.09 15.52 13.49
1 17.22 17.34 25.64 23.90
2 44.10 42.54 47.95 46.80
3 284.54 268.67 324.59 308.01
4 307.47 287.68 333.63 314.51
5 375.45 364.67 410.40 394.41
6 656.45 670.57 762.92 772.71
7 725.48 806.38 827.58 887.22
8 777.13 894.13 822.05 936.33
9 780.07 923.23 780.32 883.17
10 726.58 880.52 690.68 810.72
11 672.96 813.30 595.61 727.71
12 746.72 908.61 630.89 759.27
13 711.17 882.76 589.52 727.15
14 667.09 824.99 529.23 633.05

*10,000 person—years
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