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ABSTRACT

Objectives To characterise the prevalence of myopia
and eye diseases among school adolescents and children
in Southwest China, and to evaluate the effectiveness of
myopia control tools.

Design Retrospective cohort study.

Setting Across 95 basic education institutions in
Southwest China.

Participants 96 146 children aged 3—17 years from a
school-based survey conducted between 2019 and 2021.
Primary outcome measures The data of vision
assessment and eye disease examination of school
students were analysed, including a total of four surveys
once per semester. The prevalence of myopia categorised
as low (-0.5D to —3.0D), moderate (—3.0D to —6.0D) and
high (>—6.0D), along with the prevalence of significant
ocular diseases, was assessed. Stratified analyses were
conducted to investigate the impact of correction time on
visual acuity (VA) and biological parameters. Subsequently,
the subjects across the groups were matched using the
nearest neighbour method, followed by multidimensional
statistical analysis.

Results The prevalence of myopia among the surveyed
students was 38.39%. After controlling for confounding
variables, the statistical analysis revealed a 0.1 increase
in mean VA within the orthokeratology group and a 0.1
decrease in VA within the spectacle group (p<0.001),
with statistically significant differences in corneal radius,
corneal curvature and equivalent spherical lens (p<0.05).
Multivariate analysis indicated a statistically significant
reduction in VA in the ophthalmopathy group compared
with the control group (p=0.031). Furthermore, it was
demonstrated that the risk of eye disease during vision
correction was greater among older students than their
younger counterparts (OR>1), and that female students
exhibited a higher risk than male students (OR=1.5).
Conclusions The current high prevalence of myopia
and eye diseases among Southwest China’s school
youths demands public health attention. Minors wearing
orthokeratology lenses at night, especially in primary
school, exhibit significantly improved naked-eye vision.
However, vigilant eye healthcare during the correction
period is crucial, especially for girls.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Evaluated the effectiveness of myopia control tools
through a longitudinal study design, with one follow-
up visit per semester for a total of four assessments.

= Included a large cohort of students aged 3—17 years,
encompassing comprehensive ocular biometric pa-
rameters, optical measures and distribution of eye
diseases.

= Controlled for confounding bias using propensi-
ty score matching to mitigate the impact of non-
random grouping inherent in observational studies.

= Did not account for potential genetic, environmental
or socioeconomic factors that may influence the de-
velopment and progression of myopia.

= Limited to schools in one city in Southwest China,
potentially affecting the generalisability of the find-

ings to the entire country.

BACKGROUND
Axial myopia is irreversible can only be
corrected with glasses or surgery, and is not
curable."™ High myopia can lead to serious
eye issues like retinal detachment, retinal
fissures and permanent damage to photore-
ceptor cells, which may worsen with age and
potentially lead to conditions like cataracts or
even blindness in severe cases.”™

Globally, the prevalence of myopia was esti-
mated to affect 2.5billion people in 2022,
with projections indicating an increase to
4.949billion by 2050.° The highest preva-
lence of myopia among school-age children
(6-19 years) is in Asia (60%; including East
Asia (73%)).” In Korea, 65.4%° of children
aged 12-18 have myopia, while in Hong
Kong,” ' myopia rates range from 30% in
6-7-year-olds to 74% in 16-17-year-olds."" In
contrast, the prevalence among Finnish chil-
dren is around 2%-3%. In China, the overall
myopia rate among children and adolescents
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was 52.7% in 2020; specifically, rates were 14.3% among
6-year-olds, 35.6% among primary school students, 71.1%
among junior high school students, and 80.5% among
high school students.'

Since 2016, China has implemented various policies
and plans to combat the rising prevalence of myopia
among children and adolescents.””® These initiatives
include the ‘Guidance on Strengthening Prevention and
Control of Myopia among Children and Adolescents’ and
the ‘National Eye Health Plan for the 14th Five-Year Plan
(2021-2025)"."" These efforts include large-scale surveys
on the eye health of school-age children.

In this study, we collected data from an eye health survey
of primary and secondary school students in Southwest
China to objectively assess the prevalence of myopia and
eye diseases among adolescents and children, as well as
the effectiveness of different myopia preventive measures,
recommendations for improving the implementation of
myopia preventive strategies in schools.

METHODS
Patient and public involvement
None.

Study population

This cohort study included students and preschoolers
from 95 primary schools, secondary schools and kinder-
gartens in Chengdu, Sichuan Province, China. Starting
from September 2019, ocular optometry and eye disease
examinations were conducted every 6 months, resulting in
four surveys by June 2021. Participants with vision-related
infections, lesions, trauma or complications (eg, keratitis,
leukoplakia, corneal opacity, cataracts) were excluded
from the baseline data. To ensure objective analysis, the
baseline data were processed as follows:

Group criteria:

1. Participants were categorised into the orthokeratolo-
gy (OK) lenses group and the framed spectacle group
based on the form of correction, while those who nev-
er received any form of correction were categorised as
‘uncorrected’.

2. Participants who changed their correction type during
follow-up were categorised according to new correc-
tion type and treated as new patients at baseline.

Exclusion criteria:

1. Participants wore spectacles with continuous correc-
tion for less than 12 months at the end of follow-up.

2. Participants wore OK lenses for less than 12 months
and switched to frames.

Data collection

The data for this study were obtained from the National
Youth Myopia Prevention and Control Programme,
which monitors minors in schools through qualified
institutions. Optometry indicators, such as visual acuity
(VA) and spherical equivalent (SE) lens, were assessed by

experienced senior optometrists using a Topcon KR800
instrument. Ocular biometric parameters, including axial
length (AL), keratometric power (KP) and corneal radius
of curvature (CR), were measured with a LENSTAR L.S900
instrument. Only data from the right eye'® were analysed
due to strong inter-eye correlation.

Definition

Myopia was defined as spherical equivalent refraction
(SER) <-0.50 diopters (D)+uncorrected visual acuity
(UCVA) >3.3 logMAR in children of different age
groups'® with non-cycloplegic refraction. Myopia severity
was classified as follows: low myopia (-3.00 DSSER<-0.50
D), moderate myopia (-6.00 D<SER<-3.00 D) and high
myopia (SER <-6.00 D). Uncorrected myopia was diag-
nosed if a child was myopic without corrective lenses,
while fully corrected myopia required glasses and normal
VA.

Propensity score matching (PSM)

To investigate the impact of myopia prevention and
control measures on eye health, we selected individuals
aged 3-17 years with SER <-0.5, without eye disease, who
had not received corneal intervention before enrolment.
Who voluntarily chose different interventions after the
baseline survey and completed the follow-up visit on
schedule. Information on VA, changes in ocular appear-
ance, fundus and ocular inflammation or pathology were
collected using the method of correction (lens-free,
framed spectacles and nocturnal keratoprosthesis) as the
grouping condition. To control for confounders, propen-
sity scores were matched for gender, grade and whether
or not they wore frames before entering the cohort.

PSM was employed to reduce bias and confounding
variables, ensuring balanced and comparable groups
for analysis. High-quality matching was considered when
the balance showed an absolute standardised mean
difference (SMD) of less than 0.1 (<10%)."" *” Matching
was considered to be of high quality when the balance
showed an SMD of less than 0.1. SMD between 0.1 and
0.2: this range indicates that the balance is poor and
there is still some mixing influence, but it may still be
acceptable in some cases. SMD >0.2: this indicates a
poorer quality of matching, a greater difference in the
distribution of covariates between the groups and a more
severe imbalance, which may affect the credibility of the
results of the study. Logistic regression modelled propen-
sity scores, considering gender, grade, bare-eye VA, prior
frame usage and full correction. The nearest neighbour
matching with a caliper of 0.25*SD(ps) and 1:1 or 1:4
pairing ratios was applied.

Statistical analyses

Descriptive statistics were used for baseline data, strati-
fied analysis for repeated measures and trend testing for
correction duration’s impact on ocular parameters. Statis-
tical significance was determined using %* or Wilcoxon
tests (p<0.05). All analyses were performed in R V.4.2.2.
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RESULTS

Baseline statistics

The baseline survey encompassed a total of 96146
school students and preschool children. Among them,
38.39% were identified as myopic, with further break-
downs revealing 6.91% having high myopia, 29.13%
with moderate myopia and 63.96% with low myopia. In
terms of grade, the myopia rate of high school students
was 82.82% (5331/6437), accounting for 18.61% high
myopia, 44.54% moderate myopia and 34.41% low
myopia; the myopia rate of junior high school students
was 73.23% (12012/16403), with 9.66% high myopia,
40.94% moderate myopia and 49.40% low myopia.
The myopia rate of upper primary school students
was 50.74% (12091/23827), with 2.65% high myopia,
13.99% moderate myopia and 73.35% low myopia.
The myopia rate of lower primary school students was
17.74% (7274/41013), consisting of 0.92% high myopia,
6.72% moderate myopia and 86.31% low myopia; lastly,
the myopia rate among preschool children was 2.43%
(206,/8466), of which 91.26% were low myopia.

Online supplemental figure SI illustrates the distribu-
tion of myopia across school age groups, indicating that
the proportion of myopic students surpasses that of non-
myopic students from upper primary grades onwards.
There is a clear tendency for the severity of myopia to
increase with age.

Among the students surveyed, 21 105 (21.95%) wore spec-
tacles, with 45.98% being fully corrected, 54.02% incom-
pletely corrected and a minimal 0.02% using OK lenses at
night. A total of 996 (1.04%) individuals were diagnosed
with eye diseases, which included 437 (0.45%) cases of
binocular disease, 341 (0.35%) cases affecting the right
eye and 218 (0.23%) cases impacting the left eye. These
cases encompassed various conditions such as trichiasis,
strabismus, congestion or inflammations, lens opacity, cata-
racts, prosthetic eyes and glaucoma, with details available in
table 1 and online supplemental table S1.

Effects of glasses wearing on vision in different school-age
groups

A total of 64096 participants completed four follow-up
visits from September 2019 to June 2021, representing a
follow-up rate of 66.7%. A sensitivity analysis comparing
these 64096 participants with the original baseline
survey data of 94146 participants was conducted to
construct online supplemental table S2. Of these, 22446
had myopic vision in the right eye at the first follow-up,
divided between those who wore glasses (17 278) and
those who did not (5,168). We compared the difference
between their last follow-up data and the baseline data
(online supplemental tables S3 and S4).

Over time, more myopic individuals opted for glasses,
especially among junior and high school students. At the
end of the study, subjects exhibited lower AL and AL/CR
than at the outset. High school students wearing glasses
increased from 3.2% to 17.2%, and junior high school
students increased from 17.7% to 42.6%. Conversely, the
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proportion of primary school students wearing glasses
decreased. Preschoolers showed no significant change.
Those wearing glasses experienced improved UCVA,
with an increase in high myopia from 3.6% to 7.1% and
moderate myopia from 24.2% to 35.1%. Across the four
follow-up visits, various vision indices in the right eye
changed significantly. AL and AL/CR decreased signifi-
cantly, while pupil size (P) and CR remained largely
unchanged.

The duration of spectacle wear correlated with changes
in measured parameters. Longer spectacle wear was asso-
ciated with smaller changes in AL and CR for preschoolers
and smaller deteriorations in UCVA, SE, CR and AL/
CR for primary school children. There was an interac-
tion between naked-eye VA, SE and school age. Long-
term spectacle wear in primary school led to significant
improvements in naked-eye VA, while long-term wear
in upper primary and lower secondary school improved
equivalent spherical VA. More details can be found in
table 2 and online supplemental table S5.

In terms of gender, more girls chose OK for ortho-
dontic treatment. By the end of the 2-year follow-up,
the percentage of people with fully corrected myopia
increased in the spectacle-wearing group (from 2.5%
to 3.1%), those wearing OK lenses at night (from 0%
to 12.5%) and those using both (from 0% to 15.7%).
Students wearing OK lenses also saw significant improve-
ments in high myopia, eye axis, and corneal curvature.

Analysis of differences in VA indicators after PSM

As shown in online supplemental figure S2, there was
an overlapping support area to perform PSM prior to
PSM, and participants were matched primarily within
the common area. After PSM, the SMD was almost always
less than 0.1 as shown in figure 1. Detailed SMD results
are shown in online supplemental tables S6-S11, and the
mirror histograms before and after matching are shown
in online supplemental figure S3. As shown in online
supplemental tables S6-S11, after PSM to exclude the
confounding effects of gender, grade, whether or not
they wore frame glasses before enrolment and whether
or not they were fully corrected, the results showed that
compared with minors who wore frames at night, minors
who wore OK lenses had significantly better naked-eye
VAs (mean increase in naked-eye VA of the OK group was
0.1, and mean decrease in naked-eye VA of the frames
group was 0.1, p<0.001) . The difference between the
two groups was not statistically significant for AL and
AL/CR, whereas the difference in P, CR and SE was
statistically significant (p<0.05). Compared with wearing
framed spectacles, wearing OK lenses is more effective in
reducing corneal curvature and preventing the increase
of equivalent spherical lenses (online supplemental
tables S6 and S7). Compared with adolescents without OK
lenses, people who wore OK glasses had better indicators
such as UCVA, SE, KP and CR, especially in controlling
the deterioration of CR and corneal curvature (online
supplemental tables S8 and S9). Besides, comparing the
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Figure 1

Standardized Mean Differences

Standardized Mean Differences

Dot plot of absolute standardised mean differences for all variables before and after matching. (A) Frame spectacles

versus no spectacles; (B) orthokeratology lens versus no spectacles; (C) frame spectacles versus orthokeratology lens).

survey data with and without spectacles, there were signif-
icant differences in all metrics, suggesting that spectacle
wear has a favourable effect on ocular biological changes
(online supplemental tables S10 and S11).

Statistical analysis of the occurrence of eye diseases
Univariate and multivariate analyses were performed
using the presence of ocular disease within 6 months
of follow-up as the outcome measure, and the results
are shown in table 3. The prevalence of eye disease was
0.28% (119/42335), of which 39.5% for boys and 60.5%
for girls (p=0.03), with an OR=1.5. The naked-eye VA of
the diseased group was lower than that of the normal
group (p=0.031). The incidence of eye disease in the
group wearing OK lenses and spectacles was higher than
that in the group without glasses, where the risk of the
glasses group increased by 43% and the risk in the OK
group increased by 13.67 times. What is clear is that the
incidence of eye disease is similar among students of
different ages.

Using no eye diseases as the reference, an unordered
multicategorical regression analysis was performed with
the distribution of eye disease types as the dependent
variable, gender, grade level, baseline naked-eye VA,
whether or not fully corrected and type of lens wear as
independent variables. The results showed no significant
difference in the distribution of eye disease types between
boys and girls. Taking the upper primary group as a refer-
ence, the incidence of all eye disease types was much
lower in preschool children and much higher in middle
school students. Among junior and high school students,
the proportion of inflammatory lesions increased by 64%
and 30%, the proportion of nystagmus increased by 65%
and 11%, the proportion of strabismus increased by 85%
and 12%, respectively, and other eye diseases increased
by 162% and 49%, respectively. Specifically, the risk of
trichiasis in high school students increased by 3.22 times,
and the risk of nystagmus and strabismus increased by
2.83-fold and 2.09-fold in the lower primary grades,

respectively (table 4). (The distribution of various types
of eye diseases is shown in online supplemental table
S12). The proportion of patients with various eye diseases
increases with school age, and the incidence is higher in
students who wear glasses.

DISCUSSION

China’s development is highly imbalanced between the
East and West, and this imbalance has resulted in much
less investment in healthcare, especially eye health, in the
Southwest region. Based on extensive in-school follow-up
data from tens of thousands of individuals, this study
aims to shed light on the prevalence and management of
myopia among adolescents in Southwest China, in addi-
tion to focusing on eye diseases presenting in different
school-age groups.

The overall myopia rate among high school students in
Southwest China was 82.8%, far exceeding that of Japan
(63.2%), as well as the USA and Europe (less than 30%).
This may be related to a more severe academic burden,
fewer outdoor activities and even insufficient education
on eye health habits. It is noteworthy that myopia even
affects children in the early grades of primary school and
preschool, with the youngest case being as young as 3
years old. Adolescent eye diseases are often overlooked
by parents and policymakers.”’ ** Our survey reveals a
lower prevalence of strabismus (0.16%) and childhood
cataracts (0.03%) compared with global averages, but
cases of lens clouding or pathology were detected, and
the prevalence of cataracts and glaucoma was neverthe-
less high, which highlights the potential risk to children’s
eye health. The above evidence suggests that the focus
of enhanced prevention and control policies in South-
west China should be on controlling the progression
of moderate to high myopia and addressing serious eye
diseases.
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In the baseline survey, myopia rates were higher among
girls than boys, consistent with previous research,” ** and
may be related to less outdoor activity among girls. The
overall myopia rate of 38.39% aligns with some studies
but is lower than that of Europe (49.2%)%* and higher
than certain developed nations like Spain (20.1%)* and
France (32.6%).** Notably, the myopia rate in Southwest
China rises significantly among high school (82.82%)
and junior high school (73.23%) students, surpassing
the national averages (80.5% and 71.1%)."* The myopia
rate in the upper primary group is slightly higher than
that in Shenyang (49.83%),” and the rate in the primary
to the junior group is higher than that in Chongqing
(33.9%).%® Under the criteria of SER <-0.50 D or SER
<-1.0 D, the results of this study for each age group are
almost all higher than those in the eastern, southern and
northeastern regions, such as Shanghai,” Zhejiang,”
Guangdong,” Shandong,™ Taiwan® and Hong Kong.™
However, the rates are lower compared with those in
central Shanxi.®® The age-specific myopia rates under
different criteria are shown in online supplemental table
S13.

In terms of vision correction, the OK lens, although
economically more costly, is superior to spectacles in
preventing myopia progression. Wearing glasses, partic-
ularly over 6 months, leads to an average increase in AL
of 0.12mm, which is associated with various eye complica-
tions.”*™ Conversely, OK lenses improve naked-eye vision
by 0.1 without affecting AL.

Despite the higher risk of eye diseases associated with
wearing lenses, it can be mitigated through proper
hygiene and regular eye exercises. WHO recommends
good eye habits for students, such as maintaining an
appropriate sitting position while reading and writing,
taking breaks every 40 min of close work, and increasing
outdoor activities.

CONCLUSIONS

This study sheds light on the current state of eye health
among adolescent students in Southwest China, espe-
cially filling the gap in data on lens opacity or lesion
prevalence. Through statistical evidence, we observed
the different effects of wearing glasses and OK lenses on
correcting myopia, exposed the risk factors associated
with myopia and eye diseases, demonstrated the value of
myopia prevention and control measures in Southwest
Chinese cities and made recommendations for family and
social policies to optimise for adolescent eye health. In
the future, further reducing the cost of OK lenses and
improving the use process to reduce the risk of infection
are potential directions to increase the benefits of adoles-
cent vision.

This study provides valuable insights into the eye
health status of middle and high school students in
Southwest China, addressing the issue of adolescent
myopia comprehensively. By comparing the applica-
tion practices of glasses and OK lenses in Eastern China

and internationally, significant differences in the effec-
tiveness of these correction tools for myopia treatment
and prevention have been identified. These empirical
findings are consistent with global research outcomes,
offering crucial insights for enhancing eye health policies
and practices in Southwest China.

Currently, the adoption rate and effectiveness of OK
lenses in Southwest China, particularly at the high school
level, are suboptimal. We recommend enhancing public
education to increase awareness and acceptance of OK
lenses among parents and students. Moreover, there
is a need to intensify training programmes for eye care
professionals to improve their skills and knowledge in
the correct usage of these lenses. Government and school
collaborations should focus on developing targeted eye
health policies, including financial support to reduce the
cost of correction tools and improve the accessibility and
quality of eye care services.

Future research should further explore the long-term
effects and cost-effectiveness of different correction tools,
as well as their impact on the long-term development
of adolescent eye health. Through continuous improve-
ment and innovation, we aim to effectively reduce the
prevalence of myopia, thereby enhancing the quality of
life and academic performance among adolescents.

Limitations

This study did not investigate the influence of genetic
and environmental factors on myopia, nor did it explore
the impact of other systemic diseases on VA. Additionally,
it only estimated the degree of eye use based on different
grades, without quantifying specific indicators like the
amount of time spent on intensive near-eye activities or
outdoor activities. Furthermore, the study did not differ-
entiate between the types of materials used for OK lenses.
Future research is needed to identify any potential eye
diseases associated with wearing glasses. Moreover, socio-
economic factors were not included in the survey due to
limitations in available resources.

In addition, this study was based on a national public
health programme, the Free Service Scheme for Preven-
tion and Control of Myopia in Children and Adolescents,
and the data were obtained from a whole cohort sample
of 95 primary and secondary schools in the first pilot units
in Southwest China. Data from these pilot units were fully
included in the study. However, because this study only
included data from 95 primary and secondary schools in
one city in Southwest China, it may not be representative
of the entire of China.
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