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Abstract. - OBJECTIVE: Myopia is becoming
more common, a significant public health issue
everywhere, including in China. There needs to
be a comprehensive analysis of the evidence
about the extent of myopia in Chinese school-
children, despite earlier studies showing a grow-
ing frequency in China. Therefore, the frequency
of myopia in Chinese schoolchildren is exam-
ined in this study with supporting data and a me-
ta-analysis.

MATERIALS AND METHODS: The 2022 Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) standards were
used for this research. From January 1, 2015,
to December 31, 2022, five computerized bib-
liographic databases, including PUBMED, Sco-
pus, Web of Science, ProQuest, and China Index
Medicus, were reviewed and aimed at investigat-
ing myopia’s prevalence in China. The studies’
methodological quality was evaluated. Myopia
is defined as a refractive error. Data were col-
lected according to gender, age, and refraction
method. The prevalence was calculated through
a meta-analysis.

RESULTS: Data from 11 quality-assessed stud-
ies, with a total of 1,013,206 adolescents, were in-
cluded. Hanting District children had an overall
myopia prevalence of 45.47%, but Changyi chil-
dren had a myopia prevalence of 82.37%. In gen-
eral, 48.56, 47.30, and 31.62% of elementary, mid-
dle, and higher school pupils had mild myopia,
compared to 1.12, 8.89, and 20.12% who had high
myopia. Children aged 7-9 years old experienced
the largest overall increase in the prevalence of
myopia. For girls and boys, the prevalence of
higher myopia was 7.59% and 6.43% (p<0.001).
Yet, the spherical equivalent (SE) dropped as
students’ ages and grades rose. Myopia preva-
lence rises as students age and grade.

CONCLUSIONS: The recent findings revealed
that myopia predominated among schoolchil-
dren in Weifang. It steadily grew through age,
in addition to it being more common in Changyi
neighborhoods. Females had a greater frequen-
cy of myopia than males.
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Introduction

One of the most prevalent disorders, myopia,
is the leading global reason for poor vision in
children and adolescents'. Myopic macular de-
generation and retinal detachment are two major
pathologic occurrences that can arise from high
myopia and cause permanent visual loss®. Almost
1.4 billion people had myopia worldwide in 2000;
by 2050, it is expected to increase to 4.8 billion®.
The cost of impaired distant vision brought on
through uncorrected myopia was predicted to en-
tail a growing global lost productivity of US $244
billion in 2015*. Because of the impact of inherit-
ed traits and environmental circumstances, myo-
pia is still highly prevalent among teenagers and
young children worldwide, particularly in Asia®.

Like other East Asian nations, China has a high
rate of myopia prevalence, which is rising annu-
ally®’. According to a national survey® conducted
in China in 2014, 80% of students who have com-
pleted 12 years of education are currently myo-
pic, with 10-20% having extreme myopia. Myo-
pia among many school-aged children in China
has been the subject of numerous cross-section-
al school-based studies. However, relatively few
large-scale studies’ cover the entire city level in
this age group, even though policymakers must
carefully consider the estimates of myopia to
make the right choices.

The frequency of myopia in children between
the ages of 5 and 17 varies from 1.2% in the Me-
chi Zone of Nepal to 73.0% in South Korea*. In-
cluding an average age of 18.5+0.7 years, Chinese
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high school students’ prevalence of myopia grew
from 79.5% to 87.7% over a 15-year period®. My-
opia was only reported’ to be prevalent in South
African schoolchildren aged 5 to 15 in 2.9% of
cases when retinoscopy and 4.0% when utilizing
auto-refraction. According to Grzybowski et al®,
at the age of 15, this incidence increased to 9.6%.

Due to related ocular health issues and vision
impairment, the rise in myopia prevalence will
have a substantial financial influence. Uncorrect-
ed myopia of 1.50D to 4D can considerably impair
vision and be a causal factor in both blindness
and mild visual impairment®. Increased myopia,
usually characterized as a spherical equivalent
>5D**1% of myopia, even though the meanings
used for grade myopia are variable®!!, raises the
possibility of potentially blinding ocular pathol-
ogies, including retinal holes, retinal tears, reti-
nal degeneration, retinal detachment, and myopic
macular degeneration. Myopia significantly af-
fects society, the economy, the mind, and devel-
opment'?. Refractive errors, especially myopia,
are expected to cost the economy over US$ 202
billion annually”, significantly more than other
eye illnesses.

Myopia is becoming more common, which has
prompted research into its potential causes. This
research has major factors: the involvement of na-
ture (genetic factors) and nurture (environmental
impacts and lifestyle). To comprehend how myo-
pia develops is also being investigated in order to
control it.  Adolescents in Southeast Asia spend
a disproportionate amount of time undertaking
work, as shown by epidemiological research,
and this has been linked to an increase in myo-
pia*. There needs to be more clarity regarding
the extent of the myopia problem among African
school-aged children and its progress over time
due to the wide regional variances in urbaniza-
tion, social position, sociocultural practices, and
education levels".

Due to China’s growing urbanization, people’s
lifestyles and behavior have changed during the
past several decades”. China’s urban population
increased by 2,000% from 27 million in 1950 to
567 million in 2015, and 50% of the country’s
people now reside in one of the continent’s 7,617
urban agglomerations with a population of 10,000
or more'®, As a result, compared to previous gen-
erations, China’s youth and youngsters are pro-
gressively participating in indoor and close-by
job actions'®!”. Children work hard at school for
long periods, and as technology advances, they
increasingly utilize mobile devices for gaming
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and other pursuits'®!". Several elements may en-
courage the onset or advancement of myopia.

Although other regions of the globe have seen
a rise in myopia prevalence, East Asian nations
have a higher prevalence of the condition. Several
blinding problems, including cataracts, glaucoma,
retinal detachment, and myopic macular degener-
ation, can arise from myopia, especially high my-
opia’. These circumstances may have severe so-
cial and financial repercussions'®!'. At this time,
the majority of epidemiology investigations'™ on
myopia in Chinese children and adolescents have
concentrated on the prevalence of myopia in ad-
dition to the associated risk factors amongst some
of the randomly selected students.

Unfortunately, it is still being determined how
common and high myopia is in certain educational in-
stitutions through demanding educational programs
and excellent educational achievement. It is imper-
ative to analyze the latest data on the prevalence of
myopia and its associated comorbidities in significant
Chinese educational institutions. This examination is
necessary to address the existing gaps in epidemio-
logical investigations pertaining to myopia. By doing
so, valuable guidance and a theoretical framework
can be provided to effectively prevent and manage
myopia in children and adolescents. Furthermore,
this approach can help mitigate the financial and so-
cial burdens associated with this condition.

Materials and Methods

Study Design

A systematic review and meta-analyses were
carried out in agreement through the Preferred
Reporting Items for Systematic Reviews (PRIS-
MA) Statement.

Search Strategy

The Medline, SCOPUS, EMBASE, IST Web of
Science (WOS), and PubMed databases were all
electronically searched. Searches were performed
from the beginning of each database to Decem-
ber 2022. Following the investigation, 4,240
articles, in all, were identified. A total of 1,641
duplicate articles were removed. Two investiga-
tors independently conducted the selection. 2,599
articles were obtained after removing duplicates.
The authors screened and excluded studies based
on titles and abstracts, which were unmatching.
After further evaluation, the study considered 41
studies, and finally, 11 were selected for this sys-
tematic review.
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Inclusion and Exclusion Criteria

Research with a precise definition of refractive
errors, publications with data on the frequency
of refractive errors in Chinese children under the
age of 18, studies with a sample size of about least
1,000 individuals, and investigations based on
populations or schools with clearly defined sam-
pling strategies were all included in this systematic
review. Since age-defined subgroups from studies
with sample sizes under 1,000 would be too small
to estimate the prevalence of refractive errors
reliably, these investigations were not included.
The following were the exclusion requirements:
1) surveys from hospitals or clinical settings; 2)
studies that were only carried out in one school;
3) refractive error measurements based on visual
acuity; 4) mislaid or inadequate information; 5)
clear restrictions in statistical analysis or design;
6) multiple studies utilizing a single population
without supplying further details. On December
31, 2022, the investigation was completed.

Data Extraction

Only English-language literature was included
in the searches. Two researchers extensively ex-
amined 11 studies'?! which satisfied the inclusion

criteria after the selection process. The following
is a list of the extracted data from these articles: 1)
study characteristics, including author, study year,
study methodology, and whether or not mydriat-
ics were used in the refraction. 2) The population
characteristics being investigated, including the
sample size, age range, district, region (rural vs.
urban), and the proportion of female participants.

Results

The procedure for choosing the literature is
depicted in Figure 1. The results of the literature
search revealed 4,240 records. Following the se-
lection, 11 studies with 1,013,206 participants
were added for the qualitative synthesis''. An
overall 1,013,206 (95.6% participation rate) par-
ticipants who were spread over 17 districts/coun-
ties and 861, 313, and 80 elementary, middle, and
high schools completed all of the study’s exams
out of the 1,059,838 individuals who were quali-
fied to take part. Boys comprised 532,851 of the
study participants or 50.28% of the total. The me-
dian age ranged from 5 to 20 years, or 11.57+3.36.
Table I lists the fundamental aspects of this re-

Titles and abstracts retrieved
from PubMed, Scopus,
Embase, Web of Science
(n=4,240)

l

Removal of duplicates
(n=2,599)

!

Titles and abstracts screened
and excluded (n=1,641)

Literatures works

considered after

PRISMA
Statement

Consider for final selection
(n=16) Included studies

Available for evaluation
(n=41)

Papers excluded after evaluation of full
text (n=34)

o Different surveys
e Conducted in one school
e Review article

reading titles and
abstract (n=75)

A 4

e Unfinished data
o Study design
e Based on the same population without
additional informations

Figure 1. PRISMA diagram of this study.
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search as well as the prevalence and criteria of
myopia. Figure 2 shows the comparative quality
assessment score of the studies included.

The prevalence rate is segmented by age and
gender in Table I. Compared to boys, girls exhibit
a lower SE (p<0.001). Females had a higher like-
lihood of boys having intermediate and high my-
opia (p<0.001). Yet, compared to boys, girls were
less expected to have low myopia (p<0.001). The
number of people with low myopia was 44.96%
overall, over 50% in the 9-12 age range. 6.98%
of people had high myopia, with the 17-18 age
groups having the highest frequency (more than
20%). However, 12.70% of people had high myo-
pia, with the 16-18 age groups having over 30% as
the maximum occurrence.

Discussion

Other studies®' have shown the occurrence and
distribution of myopia among young people in
China. The study involved over one million chil-
dren and teenagers aged 5-20, mainly living in
urban and suburban regions of the country. The
research produced three main findings: firstly, the
total prevalence of myopia was 75.35%. Second-
ly, girls had a higher proportion of moderate and
severe myopia but a lower incidence of low my-
opia. Lastly, low myopia was higher in primary
and secondary school students, while high myo-
pia was more prevalent in high school students.

This research provides preliminary results that
will strengthen the myopia monitoring system
and enable its spread to more cities nationwide®'%.

Myopia inhibition and management are cur-
rently part of China’s national strategy. Because
the nation’s future is tied to young people’s per-
spectives, disease prevention must be given top
priority by the entire society". In the past, cyclo-
plegia refraction was used in population-based
investigations in China®. According to Dong et
al?, the collective prevalence of myopia amongst
individuals aged 3 to 18 was 32.96%, and they
predicted that among Chinese children and ado-
lescents aged 3 to 19 in 2050, the prevalence of
myopia would be around 84%. The prevalence
of total myopia amongst adolescents aged 5 to
20 in our study, however, ranged from 45.47% to
82.37%, which was greater than that reported by
Dong et al™2.,

According to Thorn et al?, cycloplegia refrac-
tion may cause this discrepancy. Furthermore, we
predicted that the real myopia prevalence scenar-
io by 2050 may be worse than those predictions®.
Furthermore, we predicted that the real myopia
prevalence scenario by 2050 may be worse than
those predictions??°. Myopia and high myo-
pia were identified in a recent population-based
screening process” in Wenzhou that included
a million scale children and teenagers. Another
analysis was conducted to compare the results
with those of the Wenzhou study by Xu et al'®.,
Myopia was more prevalent overall (63.91%) than
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Table 1. Features of the investigations that were included in the systemic review that estimated the prevalence of myopia in

China''!,

MO | (e M)(/:/:)F),la My(:-;i‘;v (%) nmi?a"}if,, My:;;?ah(%) ass:sl;lrlnzlrjl?s"ts{ore
Angiu 95447 | 73.66 46.35 25.68 7.28 10
Binhai 17077 | 7259 42.14 26.36 9.43 10

Changle | 85405 | 77.06 45.42 27.47 8.92 9
Changyi | 56451 | 77.05 46.07 28.01 8.29 10
Fangzi 37544 | 6991 45.78 2333 6.79 9
Gaomi 103,310 | 7245 47.55 23.79 7.11
Gaoxin 37908 | 5861 2.72 17.44 5.49 10
Hanting 18,793 | 4121 29.12 13.14 321 9
Tingji 15836 | 57.94 46.00 16.46 3.14
Kuiwen | 47293 | 5670 43.74 16.05 3.89 10
Linqu 82,060 | 69.95 49.18 2127 6.09 10
Qingzhou | 89234 | 6476 45.53 20.69 5.54
Shouguang | 135171 | 68.47 42.78 23.98 7.47
Weicheng | 50,204 | 61.05 44.47 18.52 479 10
Xiashan | 22,498 | 69.42 4525 2381 5.94 9
Zhucheng | 118,966 | 75.82 43.75 27.95 9.37 10
Total 1,013,206

among the participants aged 6 to 20 in Wenzhou
(55.83%)*.

Further research® revealed that myopia and
high myopia were more common in Weifang than
in Wenzhou for different genders, ages, and edu-
cational levels. The fundamental cause of these
variances, related to lifestyle, the amount of work
required for studies, or genetic makeup, is un-
known. Further myopia studies at the city level
are required to provide evidence for prevention?*.

According to our research, the Hanting District
has a substantially lower rate of myopia. Hanting
District in Weifang City has been chosen as an
area of economic development. Compared to fam-
ilies with higher socioeconomic status, children
from lower-income families and mothers with
less education tended to develop myopia more
frequently'*. Most of those residing in the Hanting
District are adolescents with significant levels of
education and per capita income. A possible ex-
planation of myopia’s low prevalence is that this
segment of the inhabitants places supplementary
emphasis on the anticipation and management
of children’s myopia. In particular, participants
from Changle County, Changyi County-city, and
Zhucheng County-city had levels of myopia high-
er than 80%. Thus, it is also highly important and

merits attention to avoid myopia in rural areas
and urban-rural edges®.

Another school-based cross-sectional investi-
gation'® conducted in Chengdu with children aged
3 to 14 years old showed that females had a higher
probability than boys to have low myopia (28.4 vs.
25.0%), although extreme myopia (9.5 vs. 10.1%)
and moderate myopia (9.5 vs. 10.2%) were more
common across both genders. In line with earlier
research'™'®, the prevalence of myopia was overall
higher in females in our study than in males. In
contrast, our study found that the prevalence of
myopia was lower in females than in males but
females had a higher proportion of moderate and
high myopia'®*. Overall, females had a higher
probability of having myopia, and the prevalence
of extreme myopia in Weifang had a significant
role in this disparity. Our results were in line with
those of Li et al'®, who found that females had a
higher probability of having moderate or high
myopia, contrary to Wang et al'® findings. They
ccategorized myopia in children aged 3-14, but
our cross-sectional survey covered children and
adolescents aged 5-20'6%3,

Considering the severity of myopia, excessive
myopia can lead to consequences that are dan-
gerous to the eye’s health, such as rhegmatoge-
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nous retinal detachment (RRD), choroid neovas-
cularization (CNV), and macular hemorrhage
(MH)"2. Consequently, public health must pre-
vent and manage the development and progres-
sion of extreme myopia. According to our obser-
vations, high myopia increases with age, and SE
tends towards getting more myopic, which aligns
with earlier research®*. High school students also
have a greater possibility of suffering from severe
myopia than elementary or intermediate school
children, as they have a higher probability of hav-
ing minor or moderate myopia?>, Consequently,
this shows that we should concentrate on the early
detection and management of higher myopia on
behalf of high school children to avoid producing
complications®**?. The control of low and mod-
erate myopia should be given additional consid-
eration among primary and middle school pupils
to prevent the development of high myopia. Our
study’s advantages include a sizable sample size,
multidimensional structures, and an observation
of the entire city, and our findings provide some
inspiration for the next research?.

The prevalence of myopia amongst school-age
children in China and its dissimilarity through age,
gender, refraction method and other patterns are
estimated for the first time in this systematic re-
view?*. As previously said, associated with further
areas like Southeast Asia, the frequency of myopia
in China seems low. In order to solidify our under-
standing of myopia epidemiology within this par-
ticular group, forthcoming prevalence investiga-
tions could utilize the initial data from our current
study as a foundational reference point for com-
parative purposes®. This systematic review also
revealed that, compared to cycloplegic refraction,
non-cycloplegic refraction overstated the preva-
lence of myopia and produced further erratic esti-
mations of refractive errors. Researchers and deci-
sion-makers may need to be more informed about
how myopia prevalence data from non-cycloplegic
refraction are interpreted. Thus, it is advised that
any studies examining the prevalence of myopia in
children employ cycloplegic refraction.

Conclusions

The study concluded that complete myopia af-
fects children and adolescents between the ages
of 6 and 20 at startlingly high rates. The Hanting
economic development zone had the lowest prev-
alence of myopia among students. Boys are less
prone than girls to experience myopia, especially
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severe myopia. During aging, overall and high-
er myopia prevalence increases, while SE tends
to grow increasingly myopic. It is necessary to act
to prevent the increase of myopiaas it is becoming
more prevalent among high school students.
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