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adolescents aged 4-18 years
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The prevalence of visual impairment (VI) increases with axial length (AL) and spherical equivalent
(SE). This study aims to explore the prevalence and associated factors of myopia and AL-related

Vlin children and adolescents, including analysis of sex-specific differences. This cross-sectional
survey included 2595 children and adolescents aged 4-18 years from nine educational institutions

in a large municipality. The survey comprised a questionnaire, visual acuity examination, refractive
screening and AL measurement. The prevalence of myopia and AL-related VI were 56.53% and 50.98%
respectively and increased with age (P <0.01). The myopia rate was higher in females than in males
(60.23% vs. 52.71%, x2=14.93, P<0.05), with a significant difference observed in those aged 9 years
and older. However, there was no sex difference between in the prevalence of AL-related VI (51.37%
vs. 50.61%, x2=0.15, P=0.70). The research showed that older adolescent was a risk factor for both
myopia (OR=2.28, 95%Cl =2.06-2.53) and AL-related VI (OR=2.49, 95%Cl =2.23-2.77). Having a
myopic parent was also significantly associated with myopia (OR=1.21, 95%Cl=1.12-1.32) and
AL-related VI (OR=1.25, 95%Cl=1.16-1.36). The prevalence of myopia and AL-related VI were high
and increased with age in children and adolescents, with sex-specific differences in myopia but not in
AL-related V1. Therefore, it is possible to predict the risk of myopia by considering age- and sex-specific
factors.
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factors

Childhood visual impairment (VI) is a global public health challenge, particularly in low- and middle-income
countries'. Globally, it is estimated that there are 19 million children under the age of 15 years old suffer from
VI2, with uncorrected refractive error (RE) being the predominant cause!. The consequences of childhood VI
extend far beyond visual deficits, potentially causing profound and sometimes irreversible impact on children’s
psychological well-being, educational attainment, and social performance, which can persist into adulthood and
affect individuals’ quality of life’.

Myopia is a type of refractive error in which the eye’s refractive system focuses parallel light rays in front of
the retina rather than directly on it when in the relaxed state*. The World Health Organization (WHO) projects a
staggering more than 3.36 billion cases of myopia by 2030, respresenting a 72.3% increase since 2010°. The WHO
also reported that the highest overall prevalence of myopia worldwide is in high-income countries in the Asia
Pacific region (53.4%), followed by East Asian countries (51.6%)°. In East Asian countries, up to 80% of high
school graduates have myopia and 10% have high myopia®. China exemplifies this growing crisis, with recent
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National Health Commission survey reporting the overall myopia prevalence of 51.9% among children and
adolescents in 2022, which shows a trend of early onset and high incidence’. If without effective intervention,
myopia might progress to high myopia,potentially causing permanent irreversible vision damage or other severe
ocular complications®®.

Cycloplegic refraction remains the gold standard for myopia detection'®. However, the administration of
cycloplegic eyedrops presents practical challenges in children, particularly in large-scale epidemiological studies
where resources for cycloplegic refraction may be limited. Thus, non-cycloplegic refraction continues to be widely
employed in population-based studies to assess the prevalence and severity of pediatric myopia'!. Previous study
suggested that combining non-cycloplegic refraction with visual acuity measurements significantly improves
myopia detection accuracy compared to using non-cycloplegic refraction alone'?. The approach endorsed
by China for school-based myopia screening in children. Critically, AL elongation is the hallmark of myopia
pathogenesis'®. Axial myopia is diagnosed when the increase in AL surpasses the compensatory reduction in
corneal and lenticular refractive power!>. Current studies suggest that VI is more strongly associated with AL
than with refractive error alone', and excessive AL elongation gives precipitate vision-threatening complications
including myopic retinopathy, retinal detachment, and glaucoma®®. These clinical insights underscore the
critical need to investigate risk factors associated with AL-related V1.

Although many previous studies have reported on the prevalence and risk factors of myopia and VI in
school-aged children!-**%10.1>-18 ‘There remains a significant gap in research regarding the epidemiology of AL-
related VI in children. Early myopia control clinical studies did not measure and monitor axial elongation,
making refractive error the preferred outcome measure. More recently, the measurement of ocular biometric
components of the eye has become more widely included and is a key measurement in myopia control clinics.
The advantages of using axial elongation versus refractive error as the primary outcome measure relates to the
direct relationship between the excessive growth of the myopic eye and the associated risk for posterior pole
complications, although the two are strongly correlated'®. Current evidence primarily focuses on refractive error
as the primary metric for VI, with few population-based studies examining the burden and risk factors of AL-
related VI?*2!. Myopia-related VI is associated with structural changes of the retina and the globe because of
elongation of the eye axis. Previous study demonstrated that VI is associated with AL and spherical equivalent
(SE)?2. This gap is critical given that excessive AL elongation precipitates vision-threatening complications (e.g.,
myopic maculopathy, retinal detachment) and is more strongly associated with irreversible vision loss than
refractive error alone. The AL-VI might provide a missing link between anatomical change and functional vision
loss, enabling targeted screening prior to refractive shift. The aims of this study were to assess the common causes
of myopia and AL-related VI, and examine variations in prevalence rates by sex and age groups. The findings
might inform the development of targeted ocular health care services for children in specific geographic regions.

Methods

Overview

This cross-sectional observational study constituted a sub-study of Beijing Children and Adolescents Health
Cohort (BCHC) from 2022 to 2023%. The parent BCHC is a prospective cohort study that enrolled 5579 children
and adolescents from a demographically representative district of Beijing, characterized by urban-suburban
integration and moderate socioeconomic status. At baseline, all participants underwent comprehensive
assessments of exposure factors related to obesity, myopia, growth and development, physical activity, dietary
patterns, sleep behaviors, and other behavioral determinants. For this sub-study, we employed a stratified cluster
random sampling approach to select 2742 children and adolescents aged 4-18 years from nine educational
institutions in Beijing.

Participants recruitment

All procedures were approved by the Institutional Review Board of the Capital Institute of Pediatrics prior to
study commencement. We conducted a vision survey in which all students from nine educational institutions
in Beijing (186 students from one kindergarten, 1452 students from five primary schools, 1394 students from
two middle schools, and 664 students from one high school) who met the inclusion criteria were enrolled as
study participants in 2022. The inclusion criteria were: (1) children and adolescents aged 4-18 years who were
permanent residents of Beijing; (2) no history of ocular diseases, eye injuries, or ocular surgeries(except for
refractive errors); (3) in good physical and mental health without congenital developmental abnormalities or
systemic conditions that might affect vision or refractive examinations; (4) no wearing of corneal gas-permeable
contact lenses within the previous month; and (5) willingness to cooperate by both children and their parents or
guardians. In total, 2742 children and adolescents aged 4- 18 years underwent comprehensive screening, including
non-cycloplegic refraction, binocular uncorrected visual acuity testing, AL measurement. Standardized testing
conditions were maintained by optimizing ambient illumination and minimizing potential visual distractions.
A questionnaire survey was administered (completed by their parents for kindergarten children, and jointly
by participants and their parents for school-age children). Following data quality control procedures involving
logical verification and exclusion of inconsistent records, complete datasets were obtained for 2595 participants
(effective response rate: 94.6%), as detailed in Fig. 1. The study participants were stratified into four age groups:
4-6 years (children), 7-9 years (children), 10-12 years (adolescents), and 13-18 years (adolescents).

Based on the reported myopia prevalence rate of 51.9% among children and adolescents in 20227, we
estimated a similar rate of myopia in our target population. Allowing for an error of 2% level of significance
(type 1 error), a 95% confidence interval, and a loss to follow-up rate less than 8%, a sample size of 2582 children
and adolescents would be needed to achieve our study objectives.

Scientific Reports |

(2025) 15:35277 | https://doi.org/10.1038/s41598-025-18400-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

measurement during the study period

‘ Children attending axial length
(n=2742)

J

Children were lost to follow-up )
(n=4)

examination during the study period

’ Children attending visual acuity ‘
(n=2738)

children were too young to
cooperate with the examination

Excluded(n=90) ‘

—_—

~

p
Children attending refractive screening
during the study period

(n=2648)
(“Excluded(n=53) A
@ 33 children had congenital or
acquired ophthalmopathy;
@ 20 cases did not fill in the
i \_questionnaire J
- ~N
Included in the analyses
(n=2595)
. /

Fig. 1. Flow chart of the selection of Chinese children and adolescents aged 4-18 years in 2022.

Ethical considerations

We followed all Helsinki declaration and national ethical standards. All participants were ensured about the matter
of confidentiality, written consent of the participants who was witnessed and formally recorded, was obtained
before data collection. Identifiable information was removed from the collected data to ensure confidentiality,
and access to these digital files was restricted to members of the research team. This study was approved by the
Medical Ethics Committee of the Capital Institute of Pediatrics (SHERLL2022043). The guardian and/or their
children provided informed consent and were willing to participate, and the investigation was approved by the
local education bureau and school. To express our gratitude for their contributions, participants were given a
Health check-up report which was promptly emailed to them following their interview.

Measurements and devices

This study evaluated visual acuity, refractive status, and AL in children and adolescents following standardized
protocols. Visual acuity testing was performed using logarithmic visual acuity charts compliant with the GB/T
11,533-2011 standard for, which is a 5-mark record. Refractive status was assessed using a desktop autorefractor
(KR-800; Topcon Corporation, Tokyo, Japan) that meets ISO 10,342 ophthalmic instrument standards for non-
cycloplegic measurements. AL was measured using an optical biometer (IOL Master; ZEISS Group, Oberkochen,
Germany). All instruments were validated and approved by regulatory authorities. Both autorefractors and
biometers underwent simulated human eye calibration prior to use!. Participant screening followed the
Guidelines for Appropriate Techniques for Myopia Prevention and Control in Children and Adolescents
(Updated Version) issued by China’s National Health Commission®’.

Myopia definition

Myopia in children aged 4-6 years: According to the Guidelines for Pediatric Eye Evaluations Preferred Practice
Pattern (Updated Version) issued by the American Academy of Ophthalmology®, the criteria for determining
myopia were that children aged 4-6 years with the sphere power(S) of <—2.00 diopters(D) (detected using a
computer refractometer in a noncycloplegic refraction state)?.

Myopia in children and adolescents aged > 7 years: According to the International Myopia Institute (IMI)*
and the National Health Commission’s “Guidelines for Appropriate Techniques for Prevention and Control of
Myopia in Children and Adolescents (Updated Edition)”?, the criteria for determining myopia eye the standard
logarithmic visual acuity of the naked eye < 5.0 and SE <-0.50D.

While non-cycloplegic refraction is a practical approach, particularly in large-scale studies, it is predisposed to
overestimating refractive error in younger children (versus cycloplegic gold-standard)*”. The myopia prevalence
in pre-school children and school-age children were defined respectively, and should be interpreted as screening
indicators.

AlL-related VI definition

According to the Expert Consensus on AL Reference Ranges for School-Aged children in 20222, and the average
normal AL is 23.5 mm (range: 22-24.5mm). Clinically, AL is shorter than average in hyperopic eyes and longer
than average in myopic eyes?. AL>23.5 mm is generally regarded as indicative of abnormal axial elongation.
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In this study, we defined AL-related VI as AL measurement >23.5 mm and uncorrected visual acuity <5.0. Any
participant meeting the definition in at least one eye was included in the total count of AL-related VI cases.

Data collection

We designed a self-administered questionnaire based on “the work plan of monitoring and intervention of
common diseases and health effects among students” normative guidelines, and similar previous studies®®3!.
The questionnaire including demographic and behavioral data (e.g., sex, age, parental myopia, visual behaviors
and environment, screen time, reading habits) were collected and administered by trained investigators. Both
participants and their parents or legal guardians were imformed ahout the study, provided their consent and
filled out questionnaires. Before completing the questionnaire, the survey or explained the significance of the
survey, emphasized the confidentiality of the questionnaire, and any questions that were not understood would
be explained by the investigator until the participants or their parents could understand the questions correctly
in order to guarantee the credibility of the results. This approach aimed to enhance response reliability,though
some degree of recall bias may still be present in the questionnaires.

Quality control

The on-site investigation was conducted by trained and qualified medical personnel using standardized vision
examination methods and survey questionnaires®®>!. The original data were collected and organized by the
school as a unit.Designated personnel verified and entered the data. Health records were created for follow-
up care and to notify participant of the results. Vision examinations adhered to national standards (using a
standard light box), adhering to prescribed methodology, testing environment and viewing distance. In a semi-
dark room, refractive testing of children in the natural state was performed to ensure that the system error was
within a reasonable range. All examinations took place in a controlled environment with fixed conditions and
appropriate lighting. The child’s seat was fixed within a radius of 50 cm, the head was kept upright, and the eyes
were level with the instrument. The interocular distance between the right and left eyes was 35 cm. The average
value of at least three consecutive readings from an autorefractor was used for analysis, and the average value of
at least five consecutive readings from an axial biometric instrument was used for analysis.

Statistical analysis

The data were entered into an Excel 2007 spreadsheet. All statistical analyses were performed with R software
4.1.3. The Shapiro Wilk test was used to determine the normality of the data. Continuous variables were presented
as mean + standard deviation (mean + SD). For skewed variables, non-parametric tests (Mann-Whitney U) were
employed. Descriptive data are presented as frequency and percentage or mean with Wald 95% confidence
interval (CI). Categorical variables are presented as frequency and percentage, and continuous variables are
expressed as mean with standard deviation. These associations were tested using chi-square analyses or the
correlation index, depending on the type of variables involved. Variables, which have a p-value of less than 0.05
in the univariate analysis of myopia, were selected and evaluated by multivariable logistic regression models.
Our models demonstrated excellent discriminative power (AUC=>0.70). The low VIF values (< 1.12) indicates
no multicollinearity. Hosmer-Lemeshow P>0.05 (adequate fit). The results of multivariable logistic regression
are presented with odds ratio (OR) and 95%ClI. Statistical significance was defined as P<0.05.

Results

Basic information of myopia and AL-related VI among children and adolescents

In total, 2595 children and adolescents were surveyed. The overall myopia rate was 56.53% (1467/2595),with
a higher rate in females (60.23%) compared to males (52.71%) (x?=14.93, P=0.03). By age group, the myopia
rate was 7.73% in children aged 4-6 years, 36.12% in children aged 7-9 years, 58.26% in adolescents aged 10—
12 years, and 69.05% in adolescents aged 13-18 years. Sex difference in myopia rates between females and males
were statistically significant in the 7-9 and 13-18 age groups (x?=3.85, P=0.05; x>=12.37, P=0.00). The rate of
AlL-related VI was 50.98% (1323/2595), with rates of 51.37% in boys and 50.61% in girls. By age group, the rate
of AL-related VI was 5.31% in children aged 4-6 years, 26.68% in children aged 7-9 years, 51.42% in adolescents
aged 10-12 years, and 64.79% in adolescents aged 13-18 years. In contrast to myopia, there was no statistically
significant sex difference in AL-related VI rates (XZ:O.IS, P=0.70), as detailed in Table 1. Furthermore, the
analysis revealed that the overall myopia rate was higher in females than in males, and this difference was
significantly greater among females aged >9 years compared to males of the same age. Conversely, the overall

Females with | Males with Females with | Males with
Age Sample size | Myopia myopia myopia X P AL-related VI | AL-related VI | AL-related VI | y* P
4-6 years 207 (7.98) 16 (7.73) 8(7.48) 8 (8.00) 0.02 | 0.89 11 (5.31) 3(2.80) 8(8.00) 2.77 | 0.10
7-9 years 371 (14.30) 134 (36.12) | 73 (41.24) 61 (31.44) 3.85 | 0.05 |99(26.68) 42 (23.73) 57 (29.38) 1.51 | 0.22
10-12 years | 702 (27.05) | 409 (58.26) | 215(60.39) | 194(56.07) | 1.35 | 025 | 361 (51.42) 170 (47.75) 191 (55.20) 3.90 | 0.04
13-18 years | 1315 (50.67) | 908 (69.05) | 499 (73.38) 409 (64.41) | 12.37 | 0.00 | 852 (64.79) 453 (66.62) 399 (62.83) 2.06 | 0.15
Total 2595 (100.00) | 1467 (56.53) | 795 (60.23) 672 (52.71) | 14.93 | 0.00** | 1323 (50.98) 668 (50.61) 655 (51.37) 0.15 | 0.70

Table 1. Characteristics of children and adolescents with myopia and AL-related VI by age and sex in 2022 (n,
%). Significant values are in asterisk.*P <0.05,**P<0.01.
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AlL-related VI rate was generally similar between males and females.However, it was significantly higher in males
aged 10-12 years than in females of the same age group, as illustrated in Fig. 2.

Univariate analyses of factors associated with myopia and AL-related VI

The analysis of influencing factors for myopia and AL-related VIin children and adolescents revealed statistically
significant differences associated with age, reading distance, long-distance reading time on electronics, near
work time, children’s knowledge of the 20-20-20 rule, learning lighting, and parental myopia (all P<0.05).
Conversely, time spent on near screen using electronics, daily reading posture, and table arrangement were not
significant influencing factors for either myopia or AL-related VI in this population (P>0.05). Females were
significantly more prone to developing myopia than males (x*=14.93, P<0.01). However, the difference in AL-
related VI rates between females and males was not statistically significant (x*=0.15, P=0.70). Both myopia
and AL-related VI showed a strong correlation with increasing age (x*=330.91, P<0.01; x*=353.04, P<0.01,
respectively). Details are shown in Table 2.

Multivariable logistic regression analysis of myopia and AL-related VI

We applied multivariable logistic regression models to identify the effects of the investigated factors on Myopia
and AL-related VI. A total of nine variables with P<0.05 in the univariate analysis (Table 2) were entered into
the initial multivariable logistic regression model for Myopia. Similarly, a total of eight variables with P <0.05 in
the analysis (Table 2) were entered into the initial multivariable logistic regression model for AL-related VI. In
multivariable model, female sex, age and parental myopia were significantly associated with myopia. The survey
shows that older age and parental myopia were significantly associated with AL-related VI. According to this
analysis, each additional year of age was associated with a 2.28-fold higher risk for myopia (95% CI 2.06-2.53;
P=0.00), and a 2.49-fold higher risk for AL-related VI (95% CI 2.23-2.77; P=0.00). Females were significantly
more likely to have myopia (adjusted OR=1.29, 95% CI 1.08-1.53; P=0.005). Additionally, compared with the
reference group (children with no myopic parents), participants with either one parent or both parents had
myopia had a higher risk of both myopia and AL-related VI (adjusted OR=1.21, 95% CI 1.12-1.32; P=0.00;
adjusted OR=1.25, 95% CI 1.16-1.36; P=0.00), as detailed in Table 3.

Discussion

Compared with other ocular structures, such as the cornea and crystalline lens, AL was the principal
morphological factor related to refractive error progression?. In this study, we investigated the prevalence of
myopia and its associated risk factors among children and adolescents in Beijing, with novel consideration of
AL-related VI. The overall prevalence of myopia and AL-related VI were 56.53% and 50.98% among participants
aged 4-18 years, respectively. It underscored the growing public health concern of VI in younger populations.
Notably, our myopia prevalence exceeded national?® and global maxima’, despite methodological variations
across studies'®. Rigorous school-based sampling and standardized measurements enhance result validity.

The analysis reinforced the importance of age as a key predictor of both myopia and AL-related VI. The
prevalence of myopia rose dramatically from 7.73% in the preschoolers to 69.05% in the high school adolescents,
while AL-related VI increased dramatically from 5.31% to 64.79% across the same age groups. While our
study used a fixed AL threshold (>23.5 mm) to define AL-related VI, we acknowledged that AL varies with
age during ocular development!*?%32, At younger ages, the range of AL across the population was narrow but
progressively expanded with age. Influence of environmental risk factors would be minimal at younger ages,
whereas the expanding range of AL may suggest greater influence of environmental risk factors at older ages'*.
The prevalence of myopia increased with age, and it increased particularly rapidly after 7 years old. The sharpest
myopia acceleration occurred in children aged 7-9 years (from 7.73% to 36.12%), followed by adolescents
aged 10-12 years. These findings were consistent with the previous surveys'®*.This trend aligns with evidence
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Fig. 2. Comparison of myopia and AL-related VI between males and females among Chinese children and
adolescents by different age in 2022
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Variables Sample size | Myopia b P AL-related VI | 42 P

Age (years) 348.24 <0.01** 360.79 <0.01**
4-6 207 (7.98) 16 (7.73) Linear correlation 11 (5.31) Linear correlation

<0.01** <0.01**

7-9 371(14.30) | 134 (36.12) | 330.91 99 (26.68) 353.04

10-12 702 (27.05) | 409 (58.26) 361 (51.42)

13-18 1315 (50.67) | 908 (69.05) 852 (64.79)

Sex 14.93 <0.01** 0.15 0.70
Male 1275 (49.13) | 672 (52.71) 655 (51.37)

Female 1320 (50.87) | 795 (60.23) 668 (50.61)

Long distance reading time on electrics 6.85 <0.01** 11.84 <0.01**
<60 min 655 (25.24) | 399 (60.92) 372 (56.79)

=60 min 1940 (74.76) | 1068 (55.05) 951 (49.02)

Near reading time on electrics 1.41 0.24 2.93 0.087
<60 min 300 (11.56) | 160 (53.33) 139 (46.33)

=60 min 2295 (88.44) | 1307 (56.95) 1184 (51.59)

Near work time 11.86 <0.01** 11.73 <0.01**
<60 min 143 (5.51) | 61 (42.66) 53 (37.06)

=260 min 2452 (94.49) | 1406 (57.34) 1270 (51.79)

Reading distance>33 cm 5.42 0.02* 4.74 0.03*
Yes 1330 (51.25) | 716 (53.83) 642 (48.27)

No 1114 (42.93) | 652 (58.53) 587 (52.69)

Deficiency 151 (5.82)

Know the 20-20-20 rule 7.22 <0.01** 5.93 0.02*
Yes 1120 (43.16) | 660 (58.93) 594 (53.04)

No 1292 (49.79) | 691 (53.48) 621 (48.07)

Deficiency 183 (7.05)

Daily reading posture 3.92 0.14 1.87 0.39

Sit up 1727 (66.55) | 964 (55.82) 862 (49.91)

Lie prostrate 428 (16.49) | 231(53.97) 220 (51.40)

Lie supine 313 (12.06) 191 (61.02) 169 (53.99)

Deficiency 127(4.89)

Learning lighting 8.21 0.02% 9.92 <0.01**
Table lamp 320 (12.33) | 169 (52.81) 149 (46.56)

Roof light 697 (26.86) | 367 (52.65) 327 (46.92)

Desk lamp— Roof light 1477 (56.92) | 864 (58.50) 786 (53.22)

Deficiency 101 (3.89)

Desk arrangement 1.10 0.30 2.46 0.12
Facing the window 724 (27.90) | 417 (57.60) 384 (53.04)

Away from the window 1675 (64.55) | 926 (55.28) 830 (49.55)

Deficiency 196 (7.55)
Parents with myopia 23.93 0.00** 33.55 0.00**
Nobody 1306 (50.33) | 682 (52.22) 598 (45.79)

Only father with myopia 350 (13.49) | 228 (65.14) 215 (61.43)

Only mather with myopia 581 (22.39) | 350 (60.24) 316 (54.39)

All myopia 358 (13.80) | 207 (57.82) 194 (54.19)
Total 2595 (100) 1467 (56.53) 1323 (50.98)

Table 2. Univariate analyses of factors associated with myopia and AL-related VI among children and
adolescents aged 4-18 years in 2022 (n, %). *P<0.05, **P<0.01. (1) Long-distance reading time on electronics
refers to the average total time that children spend watching medium- and long-distance electronic products
such as projection screens and television screens each day, excluding the class time required by the school. (2)
Near reading time on electronics refers to the average total time that children spend watching mobile phones,
tablets, and other near work with digital device each day, excluding the class time required by the school. (3)
Learning time at a close distance refers to the total eye-use time for children to read and do homework at home
every day, excluding class time. (4) AL-related VI: anyone who was determined to be AL>23.5 mm and naked
eye visual acuity of <5.0 in one eye.
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Variables [or [sE [z [P [ 95% C1
Myopia

Sex 1.29 | 0.12 | 2.79 | 0.005** | 1.08, 1.53
Age 2.28 | 0.12 | 15.75 | 0.00** | 2.06, 2.53
Long distance reading time on electrics | 0.98 | 0.10 | -0.17 | 0.86 0.80, 1.20
Near work time 1.15 | 0.23 0.70 | 0.49 0.78,1.71
Reading distance >33 cm 1.16 | 0.11 1.56 | 0.12 0.96, 1.39
Know the 20-20-20 rule 0.96 | 0.09 | -0.45 | 0.65 0.80, 1.15
Learning lighting 1.06 | 0.07 | 0.85 | 0.40 0.93,1.20
Parents with myopia 1.21 | 0.05 | 4.77 | 0.000** | 1.12,1.32
AL-related VI

Sex 0.86 | 0.08 | -1.66 | 0.10 0.72,1.03
Age 249 | 0.14 | 16.43 | 0.00** | 2.23,2.77
Long distance reading time on electrics | 0.93 | 0.10 | -0.71 | 0.48 0.76,1.14
Near work time 1.19 | 0.25 | 0.81 | 0.42 0.79, 1.79
Reading distance >33 cm 1.14 | 0.11 1.41 | 0.16 0.95,1.37
Know the 20-20-20 rule 0.98 | 0.09 | -0.16 | 0.87 0.82,1.19
Learning lighting 1.08 | 0.07 1.25 | 0.21 0.96,1.23
Parents with myopia 1.25 | 0.05 | 5.65 | 0.00** | 1.16,1.36

Table 3. Multivariable logistic regression analysis of factors associated with myopia and AL-related VI among
children and adolescents aged 4-18 years in 2022. *P <0.05, **P<0.01. (1) Sex (1 =male, 2 =female). (2) Age
(1=4-6 years old, 2=7-9 years old, 3=10-12 years old, 4=13-18 years old). (3) Long distance reading time on
electrics:Except for the class time required by the school, the average daily total time children spend watching
long distance electrics.(1: <60min, 2: > 60 min). (4) Near work time: total eye-use time for children to near
work time (reading and doing homework) at home every day, excluding class time (1: < 60min, 2: > 60 min). (5)
Reading distance >33 cm: (1 =yes, 2=n0). (6) Know the 20-20-20 rule: briefly look away from the screen for at
least 20-s to a distant scene at least 20 feet (6 m) away after every 20 min of continuous work (1 =yes, 2=no).
(7) Learning lighting (1 = Table lamp, 2 =Roof light, 3 = Desk lamp—Roof light). (8) Parents with myopia

(1 =nobody with myopia;2 = father with myopia ;3 =mother with myopia; 4 = father and mother with myopia).

suggesting earlier myopia onset age and increasing progression rates'’. The following are possible contributing
factors. First, the irreversible nature of myopia might lead to cumulative prevalence in older adolescents. Second,
children in China generally entered school around age 7 years old, and as their academic burden increased, they
generally spent less time outdoors and more time engaged in near work such as close reading®. This prolonged
near work might strain the ciliary muscles, increasing the risk of myopia development.

Sex differences were identified as an independent risk factor of myopia. Females showed higher prevalence
of myopia than males (60.23% vs. 52.71%), particularlyfrom age 9 years onward, which was consistent with
prior surveys!'®34. This disparity might reflect behavioral differences, as males typically engage in more outdoor
activities (a known protective factor)®®, while females favor indoor near work tasks®®. In contrast, the overall
rate of AL-related VIwas similar between sexes (51.37% vs. 50.61%), although males aged 10-12 years showed
elevated rates. The result might be related to the educational levels, near work time, outdoor activity and reach
puberty by sex difference. It was possible that females who reach puberty earlier are also more likely to be heavier
and taller than males of the same age and to develop myopia earlier’”. However, the underlying mechanisms
behind this sex difference remain unclear. These findings support initiating sex-specific myopia prevention
before puberty. Thus, the early phases of puberty might be a sensitive period to control myopia in females. In this
regard, special attention should also be paid to increase females’ outdoor physical activity and vision screening
on myopia, and targeted measures should be formulated according to different genders to effectively protect the
eye health of children and adolescents®®.

Parental myopia was also identified an independent risk factor for both myopia and AL-related VI.
Multivariable analyses confirmed that age, sex, and parental myopia as independently risk factors for myopia,
while age and parental myopia as independently risk factors for AL-related VI. Hereditary influences align with
prior studies®, although environmental modulators remain critical.

Univariate analyses identified additional significant risk factors for myopia and AL-related VI, including
shorter reading distance, prolonged near-work time, inadequate learning lighting, and etc. These findings
emphasized the role of environmental and genetic factors in the development of VI. While congenital factors
are immutable, environmental factors and individual modifiable behaviors are critical intervention targets
to prevention and control of myopia, such as visual habits, lifestyle, and outdoor activity. Detrimental eye
habits associated with increased the risk of myopia include prolonged near work time exceeding 60 minutes
continuously, reading distance less than33 c¢m, incorrect reading and writing postures, excessive using screen
time, and reading in bed or in moving vehicles*. In the past, it was believed that correct reading and writing
posture should be maintained to achieve “one fist, one foot, and one inch”?>%. Different reading postures might
affect reading comfort, but the main risk factors affecting the occurrence of myopia were reading distance and
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near work time*!. The present study showed that a near learning time of >60 min and reading distance of
<33 cm between the eyes and the book during reading were associated with myopia,which was consistent with
the previous survey results??. Additionally, the 20-20-20 rule, which encouraged regular breaks during near-
work activities, was an effective strategy for reducing digital eye strain and dry eye symptoms®. Its direct impact
on myopia progression remains unproven. However, this study suggested that children and adolescents who
were aware of the 20-20-20 rules had a significant association with myopia, suggesting that the 20-20-20 rule
compliance might be a potential protective. Heredity played a role, but modifiable habits (adherence to the 20-
20-20 rule in your daily eye habits might enhance visual health) were protective*4. The 20-20-20 rule might help
with eyestrain by allowing for intermittent distance viewing which may reduce accommodative lag. Previous
studies have suggested a possible relationship between variability in accommodation and the development of
myopia®.

Whether near screen time increased the risk of myopia remains controversial. A meta-analysis showed no
significant correlation between screen use and myopia ocurrence?®, aligning with our survey’s null result for near
screen time, possibly attributable to parental restrictions limiting exposure?’. This contrasts with established
evidence linking prolonged near-vision work to elevated myopia risk, where each additional daily hour of digital
screen time significantly increased odds ratios in prior studies?’. Notably, our data revealed a paradoxical pattern,
participants who used long-distance electronic devices for more than one hour per day had a lower prevance of
myopia. The association remained insignificant for screen time exposure of up to one hour per day, suggesting a
potential safety threshold?’. The use of long-distance electronic products might reduce near work time and avoid
high tension of the ciliary muscles and excessive lens flexion to a certain degree. In addition, many parents of
children and adolescents with myopia required that the screen use did not exceed one hour per day. These factors
might also contribute to reduce the risk of myopia.

Unexpectedly, we found that the combined use of both a fluorescent desk lamp and roof light was associated
with myopic refraction, which was inconsistent with previous study?®. Artificial natural light in the classroom
of primary schools might result in reducing incidence rate of myopia®. In our study, combined traditional
fluorescent lamp with low frequency of flicker and LED lamp on the desk increased risk, possibly due to
fluorescent lamp with low frequency of flicker implicated in animal models to be capable of inducing myopia®.
Whether this association attributed to the lamp characteristic remained unclear. Desk placement near windows
showed no protective effect on myopia (P>0.05), which was similar to prior study, though natural light exposure
might offer indirect benefits on eyes®!. Previous studies have shown that violet light with a wavelength of 360-
400 nm might inhibit the progression of myopia by activating the secretion of retinal dopamine or regulating
scleral fibroblasts, thereby inhibiting excessive axial elongation®?. This might relate to the majority of windows
glass block the violet light>?, some children indoor seated near window could not exposure and get violet light
enough.

This study provided some insights into the prevalence and risk factors of myopia and AL-related VI among
children and adolescents. The high prevalence rates and strong association with age and parental myopia
highlighted the need for targeted public health strategies, including promoting outdoor activities, optimizing
learning environments, and strengthen beneficial eye behavior habits. Future research should explore
longitudinal trends and the effectiveness of interventions to reduce the burden of VI in children and adolescents.
This knowledge acquisition potentially facilitates self-regulated behavioral changes, such as maintaining optimal
reading distance beyond33 cm and complying with the 20-20-20 rule, which function as critical mediators
buffering axial elongation progression. Notably, this cognitive-behavioral translation requires contextual
reinforcement including parental supervision and school-based policy support, to achieve clinically significant
protective effects*2.

This study had two major strengths. First, we investigated the visual status of children and adolescents aged
4-18 years in a specific district of Beijing, covering a wide age range and providing intervention measures in
children. The preschool-aged children were included, it would be useful to know how the younger children
responded to the environmental change. Second, most previous studies used the equivalent spherical diopter to
determine myopia, but the present study added AL-related VI to provide a more comprehensive and in-depth
study.

This study had several limitations. First, the main limitation of the study was that a questionnaire survey
was used to understand the influencing factors, and recall bias might be present as a result. Second, another
limitation was that because this was a cross-sectional study in Beijing, the study design does not allow for causal
inference or the determination of temporal sequences, which limits the interpretation of associations between
risk factors and outcomes. Third, it must be noted that the 20-20-20 rule (visual break protocols) was based
only on the subjective awareness rather than any objective behavioral measurements (complying with the 20-
20-20 rule). Future studies should incorporate with electronic device monitoring (such as Clouclip) to quantify
the actual implementation in future. Fourth, refractive error was assessed via non-cycloplegic autorefraction,
which is a practical approach in large-scale studies, it might overestimate refractive error in younger children.
Moreover, AL varies with age during ocular development. We will perform cycloplegic refraction and establish
age-stratified AL criteria, which may result in more accurate results in future. Finally, our study was conducted
in a certain district of Beijing and its generalizability was limited for other regions. We will perform multi-center,
larger sample studies that were conducted by expanding the regional scope to further investigate and validate
the conclusions.

Conclusion

This study highlights the high prevalence of myopia (56.53%) and AL-related VI (50.98%) among children
and adolescents aged 4-18 years in Beijing, underscoring a significant public health concern. Key risk factors
include older age, female sex, and parental myopia, with environmental influences such as prolonged near-
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work, inadequate lighting, and insufficient outdoor activity further exacerbating the burden. The findings call for
targeted strategies, including early screening, promoting outdoor activities, optimizing learning environments,
and sex-specific prevention programs. Future research should expand to multicenter, longitudinal studies to
validate these findings and evaluate intervention efficacy in curbing myopia progression and AL-related VI.

Data availability
The data that support the findings of this study are available on request from the corresponding author upon
reasonable request.
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