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Abstract

e AIM. To investigate the prevalence and associated
factors of comorbid myopia and scoliosis among primary
and junior school students in Binhu District, Wuxi, China.
e METHODS ; A stratified cluster random sampling method
was used to select students from 10 primary and junior
schools in Binhu District for visual acuity testing, scoliosis
examination, and a questionnaire survey on related
factors. The relationship between scoliosis and myopia
was detected using analysis. A Dbinary
multivariable logistic regression model was applied to
analyze the risk factors associated with comorbid myopia
and scoliosis.

e RESULTS: A total of 17 951 students were selected,
including 8948 (49.85%) boys and 9003 (50.15%) girls;
9784 (54.50%) primary school students and 8167 (45.50%)
junior school students. The detection rates of myopia,
scoliosis, and comorbidity were 68. 30%, 2.95%, and
2.76%, respectively. The comorbidity rate was higher in
girls (3.78%) than in boys (1.74%). Junior school
students (3.67% in Grade 7 - 9) had a higher total
comorbidity detection rate than primary school students
(2.00% in Grade 4-6; all P<0.001). Logistic regression
analysis showed that being in Grade 7 -9 [ odds ratio
(OR)= 4.43, 95% confidence interval (Cl); 2.36-7.85],
spending 2-3 h (OR=1.46, 95%CI. 1.02-2.16) or =3 h
(OR=1.5, 95%Cl. 1.21-2.55) on homework or reading
after school, engaging in > 60 min of moderate - to -
vigorous physical activity >6 days per week ( OR=1.39,
95%ClI. 1.08-1.7) , and not adjusting desk and chair height
to match the student’s height (OR=1.73, 95%CI. 1.2-2.25)
were positively associated with comorbidity (all P<0.05).

¢ CONCLUSION: The prevalence of comorbid myopia and
scoliosis among primary and junior school students in
Binhu District of Wuxi is concerning. Reducing the time of

univariate
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homework or reading and writing after school and
engaging in =60 min of moderate-to-vigorous physical
activity at least three days per week may help lower the
risk of comorbid myopia and scoliosis in this population.
e KEYWORDS: myopia; scoliosis; comorbidity; primary
school students; junior school students; prevalence;
risk factors
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INTRODUCTION
M yopia is a global public health concern and one of the
significant factors leading to visual impairment'''. It
increases the incidence of ocular diseases such as cataract,
glaucoma, and myopic retinopathy, and it also causes a severe
social and economic burden'>'. By 2050, an estimated 49.8%
of the global population (approximately 4758 million) will be
affected by myopia''"*'. Adolescent idiopathic scoliosis ( AIS)
is a complex rotational deformity of the spine in the three
planes. Epidemiological surveys show that the incidence of
AlS is about 2% to 3%, making it one of the three major
health concerns for adolescents in China, along with myopia
and mental health problems'*™® .
In recent years, myopia and scoliosis have been recognized as
two of the most common health problems affecting the healthy
development of students in China. Myopia is the leading cause
of visual impairment among adolescents, while scoliosis is a
three —dimensional structural deformity of thespine'”'. Previous
studies have reported that students with myopia often have
unequal visual acuity in both eyes, which can affect the
adjustment of the central nervous system to the posture of
adolescents and increase the risk of scoliosis™®'; the risk of
scoliosis in myopic students is 1.49 times that of without
myopia'”’ . Furthermore, the prevalence of scoliosis is higher
in students with myopia, and the prevalence of myopia is also
higher in students with scoliosis, suggesting a bidirectional
relationship between the two conditions”'. Recent data from
the National Survey on the Health of Students in China show
22.9% of primary and junior school students have two or more
common diseases, and these health problems often have
common behavioral factors and susceptible environments.
Investigating comorbidities among common health concerns
and identifying their related factors is essential for developing
targeted strategies to protect student health "’
So far, there are few studies on the myopia — scoliosis
comorbidity in the Yangtze River Delta of China. The present
study analyzed monitoring data on health conditions among
primary and junior school students in Binhu District, Wuxi,
from 2024 to 2025. Specifically, this study examined the
factors associated with comorbid myopia and scoliosis to
provide a reference for integrated prevention and
management strategies for these conditions in school —aged

populations.

PARTICIPANTS AND METHODS
Ethical approval
Committee of Wuxi Ninth People’s Hospital Affiliated to
Soochow  University with the ethical
LW20220045. This study was conducted in full accordance
with the ethical principles of the Declaration of Helsinki.

This research was approved by the Ethics

review number

Informed consent was waived because of the retrospective and
anonymous nature of this study.

Participants  Using a stratified cluster random sampling
method, students from primary and junior schools in the
Binhu District of Wuxi were selected as participants for
monitoring of common diseases among students in 2024-2025
(32 primary and junior schools). According to the method of
random number table, 5 primary schools and 5 junior schools
in Binhu District were selected as monitoring points, stratified
by stage of education, and whole classes of students were
included. The survey subjects were students from the Grade 4
of primary school to Grade 9 of junior school, stratified by
grade, with two or more classes extracted from each grade,
and all students in each class were taken as the research

subjects. The sample size formula for the screening was as
2

follows ; n=%, p is the prevalence of scoliosis in primary

and secondary school students, according to the literature,
3% is its value, d is the sensitivity value, d=0.15 p, and we
finally consider 6042 as the minimum sample size after
increasing by 10%.

Clinical Examinations The clinical examinations included
both visual acuity and refraction assessments. Distance visual
acuity examination was measured using a 5 m standard
logarithmic acuity chart, and refraction was assessed with an
automatic desktop refractor under noncycloplegic conditions
during school screening. Myopia is defined as uncorrected
visual acuity <5.0 (20/20) combined with a cycloplegic
spherical equivalent refractive error of <—0.50 D, when
undergoing further examination at the hospital. Students with
unilateral myopia were classified as myopic, and those
wearing orthokeratology lenses were also classified as myopic.
The scoliosis screening method were 1) Students were
examined in an upright standing position to observe head
lean, shoulder asymmetries, unequal inferior angle of the
scapula, scapular prominence, waist asymmetries, or pelvis
lean. 2) Adams’ forward bending test (FBT) was examined to
observe thorax asymmetries, scapular asymmetries, waist
asymmetries, pelvis lean, andspinous process line is not in
the longitudinal midline. Students with at least one positive
test were inspected angle of trunk rotation ( ATR). 3) The
inclusion criteria were that a curve progression of =3° was
used as ATR cut - off value and suspected of scoliosis. 4)
conform to the Peking Union Medical College ( PUMC )
classification " ; Type I (Ia, Ib, Ic) left curves ( diagnostic
criteria; lateral curvature of the spine observed on a full -
length standing position spinal anterior —posterior radiograph,

with a measured Cobb angle =10°).

1873



ERRRIZE 2026 E B 5E26% SE11H
B335 : 029- 82245172 85205906

https://www.ijo.cn
BB 3558 ij0.2000@ 163.com

Questionnaire Survey A self —designed questionnaire was
used to collect information on demographic characteristics
(sex, age, grade, etc.), learning and lifestyle behaviors
(reading and writing habits, physical activity, sleep, etc.),
and behavior related to spinal abnormalities ( backpack
carrying, standing posture, back and waist pain)'”’. The
questionnaire had a Cronbach o coefficient of 0.90 and a
validity coefficient of 0.86. Students from Grade 4 to Grade 9
participated in the questionnaire survey. All surveyors
received  professional  training and  distributed  the
questionnaires in a standardized manner. Students completed
the questionnaires independently, and responses were checked
for completeness and logical consistency at the time of
collection. Adequate sleep was defined as =10 h per day for
primary school students and =9 h per day for junior school
students. Sedentary time referred to the total time spent sitting
at a desk for study and screen each day. Desk and chair height
were adjusted according to height means that the height of
desks and chairs at home and school can be adjusted in a
timely manner each year in accordance with one’s height,
avoiding a mismatch between height and the height of desks
and chairs. Moderate —intensity physical activity was defined
as activity requiring a moderate level of effort, feeling a little
out of breath, sweating, or feeling a little tired. Vigorous —
intensity physical activity was defined as activity requiring a
high level of effort, feeling out of breath, sweating heavily, or
being very tired.

Quality Control

qualified professionals who underwent strict training and

The project personnel consisted of

assessment  before  implementation and  demonstrated
proficiency in the inspection procedures. All equipment met
the required standards, was reviewed by professional
institutions, and was calibrated before use. During the on-site
survey, 5% of students were selected for reexamination to
ensure the monitoring quality.

Statistical Analysis The database was established using
EpiData 3.1, and after logical checks and data matching,
statistical analysis was performed using SPSS 6.0. The current
prevalence of myopia and scoliosis was expressed in terms of
frequency and detection rate. The Chi—square (X*) test was
used for univariate analysis with comorbidity as the dependent
variable, and binary multivariable logistic regression was
conducted on factors that were statistically significant in the
univariate analysis. The significance level was set at
a=0.05.

RESULTS

Myopia and Scoliosis in Primary and Junior Students and
the Current Situation of Comorbidity A total of 17 951
primary and secondary school students were included in the
2-year survey, including 8948 boys (49.85%) and 9003
girls (50.15%) ; 9784 primary school students (54.50% )
and 8167 junior school students (45.50% ). The prevalence of
myopia and scoliosis among primary and junior students in

Binhu District in two years was 2.92% (2024) and 2.61%
1874

(2025), respectively. The total detection rate and co -
prevalence of myopia and scoliosis in two years were 68.30% ,
2.95%, and 2.76% , respectively. Detection rates of myopia,
scoliosis, and comorbidity were higher in girls than in boys,
and higher in students from Grades 7-9 compared with those
from Grades 4-6 (Table 1, Figure 1).

Univariate Analysis of Myopia and Scoliosis Co -
morbidity = The physical examination and questionnaire
survey data were matched, and a total of 13 287 records were
included in the analysis in 2024 —2025. The results showed
that the prevalence of comorbid myopia and scoliosis differed
significantly by school stage, weekly duration of moderate—to—
vigorous physical activity ( =1 h), after —school homework
time, sleep condition, sedentary time, height—adjustment of
the desks and chairs, and reminders from teachers and parents
regarding proper reading and writing posture ( P < 0. 05;
Table 2).

Table 1 The prevalence of myopia, scoliosis, and comorbidity
in primary and junior students in Wuxi Binhu
District in 2024-2025 n (%)

. Participants . L o
Variables (n) Myopia Scoliosis  Comorbidity
Year

2024 9056  6257(69.09) 280(3.09) 264(2.92)

2025 8895  6004(67.50) 249(2.80) 232(2.61)

2024-2025 17951 12261(68.30) 529(2.95) 496(2.76)

(total)

Sex

Male 8948  5915(66.10) 170(1.90) 156(1.74)

Female 9003  6346(70.49) 360(4.00) 340(3.78)

X’ 39.82 68.99 69.04

P <0.001 <0.001 <0.001
Grade

4-6 9784  5890(60.20) 239(2.44) 196(2.00)

7-9 8167  6372(78.02) 290(3.55) 300(3.67)

X? 653.03 19.11 46.20

P <0.001 <0.001 <0.001
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Variables
The prevalence of comorbid myopia and scoliosis was

Figure 1
higher in girls than in boys and higher in students
from Grades 7—9 than in those from Grades 4 -6
(*P<0.001).
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Multifactorial and Scoliosis

Comorbidity Myopia and scoliosis co—morbidity (no=0,

Analysis of Myopia
yes=1) as the dependent variable, the above single —factor
variables as independent variables, and multi — category
variables were included as dummy variables ( Table 3), and
binary logistic multi—factor regression analysis was performed.
results showed that Grades 7-9 (OR=4.43, 95%CI.2.36-
7.85), 2-3h (OR=1.46, 95%CI.1.02-2.16); =3h
(OR=1.75, 95% CI.: 1.21 —2.55) after school to write

homework , no adjustment of desk and chair height according

to students’body size (OR =1.73, 95% CI; 1.32 - 2.25;
Table 4).

DISCUSSION

The detection rates for myopia, scoliosis, and thecomorbidity
of myopia and scoliosis in students from grades 4 to 9 in Binhu
District, Wuxi, during 2024 -2025 were 68.30%, 2.95%,
and 2.76% , respectively, which were all higher than the
results of the study in Inner Mongolia from 2019 to 2022"".
The comorbidity detection rate of myopia and scoliosis was

higher than the screening results of primary and secondary

Table 2 Univariate analysis of comorbidity of myopia and scoliosis in primary and junior students in Binhu district in 2024-2025

Variables Participants (n)  Comorbidity (n,%) X? P
Grade 13.50 <0.001
4-6 6325 196 (3.10)
7-9 6962 300 (4.31)
More than 1 h of moderate—to—vigorous physical activity per week/day 74.17 <0.001
=3 6806 160 (2.35)
<3 6481 336 (5.18)
Homework time after school/h 70.71 <0.001
<1 274 5(1.82)
1-2 2903 66 (2.27)
2-3 5250 159 (3.03)
=3 4799 265 (5.52)
Not clear 61 1(1.64)
Sleep 34.34 <0.001
Adequate 4043 92 (2.28)
Inadequate 9244 404 (4.37)
Sedentary time /h 38.33 <0.001
<10 10071 318 (3.16)
=10 3216 178 (5.53)
Desk and chair height are adjusted according to height 26.41 <0.001
Yes 6243 177 (2.84)
No 7044 319 (4.53)
The teacher reminds attention to posture for reading and writing 12.89 <0.001
Occasionally/never 8277 347 (4.19)
Always/ often 5010 149 (2.97)
Parents pay attention to posture for reading and writing 5.00 0.025
Occasionally/never 6178 255 (4.13)
Always/ often 7109 241 (3.39)
Neck and shoulder pain 3.43 0.064
No 9439 334 (3.54)
Yes 3848 162 (4.21)
Table 3 Assignment of variable values in the logistic regression analysis
Encoding Variable Assignment
Y Myopia and scoliosiscomorbidity No=0, yes=1
X, More than 1 h of moderate to vigorous physical activity per week =3d=1,<3d=2
X, Homework time after school <l h=1,1-<2 h=2, 2-<3 h=3, =3 h=4, Not clear =5
X, Sleep time Adequate=1, inadequate=2
X, Sedentary time <10 h=1, =10 h=2
X, Desk and chair height adjusted according to height Yes=1, no=2
X The teacher reminds attention to posture for reading and writing Occasionally/never=1, always/often=2
X Parents remind attention to posture for reading and writing Occasionally/never=1, always/often=2

<
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Table 4 Multivariate logistic regression analysis of thecomorbidity of myopia and scoliosis in primary and junior students in Binhu

in 2024-2025

Variables Regression coefficient Standard error ~ Wald X* P OR (95%CI)
Grade

4-6 1.00

7-9 1.48 0.28 25.63  <0.001 4.43 (2.36, 7.85)

More than 1 h of moderate to vigorous physical activity

per week/d

=3

<3 0.35
Homework time after school/h

<1

1-<2 0.31

2-<3 0.37

=3 0.56

Not clear -0.03
Desk and chair height adjusted according to height

Yes

No 0.55

1.00

0.12 6.55  0.014 1.41 (1.07, 1.88)
1.00

0.32 0.89  0.099 1.36 (0.72, 2.57)

0.18 411  0.044  1.46 (1.02, 2.16)

0.18 8.81  0.004 1.75 (1.21, 2.55)

0.77 0.0l  0.958 0.96 (0.21, 3.46)
1.00

0.13 14.68  <0.001 1.73 (1.32, 2.25)

school students in Beijing from 2019 to 2022'"'. This may be
related to regional differences, suggesting that this area should
pay attention to the comorbidity of myopia and scoliosis in
primary and junior school students.

The prevalence of myopia, scoliosis, and theircomorbidity was
higher in females than in males, which aligns with previous

[9,12-13]

studies on these conditions This disparity may be
attributed to  several factors, including sex—specific
susceptibilities. Female sex hormones can influence refractive
power and contribute to the development of scoliosis by
affecting the rapid structural changes and growth of the eyes.
The age of menarche can also influence the onset of myopia

. [14-15
and scoliosis ",

Furthermore, girls tend to be less
physically active and are generally quieter than boys''® . The
detection rates of myopia, scoliosis and co—morbidity
increased with higher educational levels, and prolonged sitting
and increased screen time due to increasing academic
pressure. A lack of physical activity, poor visual habits, and
improper posture can elevate the risk of these conditions’onset
and progression. This is consistent with the growth curve of

{7781 These are potential explanations based on

adolescence
the previous literature.

After—school homework time was positively correlated with the
co —occurrence of the two health concerns, which may be
related to long periods of sitting and closer—range visual use.
Some studies indicated that sedentary time =2 h increases the

"5 In our country, primary and

risk of myopia and scoliosis
secondary school students spend a significant portion of their
daily time sitting. In the survey, it was found that the reading
and writing time of primary school students after school was
mostly about 2h. Extended sitting can exacerbate muscle

imbalances on both sides of the spine, alter spinal structure

1876

and contribute to the development of scoliosis'™ "', Prolonged
close — range visual use or asymmetrical visual use during
reading and writing can increase the risk of myopia. Daylight
exposure is currently considered an effective and sustainable
strategy for controlling the development and progression of
myopia' ). Therefore, promoting outdoor activities in sunlight
is essential.

The amount of moderate — and vigorous — intensity physical
activity during the week was negatively correlated with the risk
of scoliosis and myopia. It was found that the more sufficient
the moderate — and vigorous —intensity physical activity, the

-24]

lower the risk of scoliosis ® " ; some studies suggest that high

levels of physical activity can offset the negative impact of
long—term sedentary learning outside school on myopia''">".
Currently, both parents and schools tend to prioritize
academic learning over physical activity, yet the World Health
Organization recommends that children and adolescents engage
in at least 1 h of moderate— and vigorous—intensity physical
activity every day. Some studies have confirmed that
moderate— and vigorous — intensity exercise, particularly
functional training, can strengthen the muscles around the
spine, improve body flexibility, enhance the sustained
contraction of the eye’s ciliary muscle, increase
accommodative sensitivity, promote blood circulation, and

%72 These benefits have

relieve both muscle and eye fatigue'
a preventive and therapeutic effect on the co—occurrence of
scoliosis and myopia. Therefore, schools and parents should
try to reduce the burden of students’ studies and minimize
extracurricular homework time; students should develop
healthy behaviors such as 1 h of moderate—intensity physical
activity every day (>3 d a week).

The height of desks and chairs should be adjusted according to
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students’ height. There is a correlation between shoulder and
neck pain, scoliosis, and myopia. A mismatch between desk
and chair heights and students’ body sizes can lead to poor
sitting posture. Poor sitting posture can lead to shoulder and
neck pain.studies suggest that poor sitting posture is positively

28-29]

correlated with myopia and scoliosis' , and poor posture

back pain".

can cause Scientifically  designed and
standardized desks and chairs are essential for helping
students adopt proper reading and writing postures. It is
recommended that the education and health departments
should strengthen awareness and configure desks and chairs
matched with students’ height. This survey reveals that the
proportion of teachers or parents who remind students to pay
attention to their reading and writing posture decreases as
students’ progress through school. Conversely, the proportion
of students exhibiting poor posture increases with school
progression. These suggest the importance of cultivating
students’ correct reading and writing posture, and teachers or
parents should pay attention to correct students’ poor posture
at all stages.

To our knowledge, this investigation is the first report on
thecomorbidity of myopia and scoliosis among primary and
secondary schools in Binhu District, Wuxi. However, there
are some limitations in this study. The use of questionnaire
surveys may have introduced recall and reporting biases.
Additionally, the cross—sectional survey method used in this
study can only identify associations between comorbidity and
related factors. Nevertheless, this study provides a valuable
reference for future research. Future investigations could
explore the dose — response relationship between common
student diseases and comorbidity — related factors, facilitate
resource integration, and establish coprevention mechanisms.
These efforts would contribute significantly to the prevention of

myopia, scoliosis, and other related diseases in students.
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