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Introduction: Menarche is one of the important indicators of girls’ physical, 
nutritional, and reproductive health. This study aims to identify the relationship 
between the age at menarche and the risk of myopia at the age of 15.

Methods: Girls aged 15 were recruited when they visited the hospital for physical 
examination required for enrollment in the high school. Eligible participants 
underwent anthropometric measurements and an ocular examination, and 
they completed a questionnaire to gather personal information, including age 
at menarche. Ocular indexes were compared across early, normal, and late 
menarche groups, and multivariate regression was performed to analyze the 
relationships between age at menarche and myopia.

Results: Among the 376 participants around the age of 15, 115 girls were 
classified into the early menarche group, 185 into the normal menarche group, 
and 76 into the late menarche group. The prevalence of myopia was 95.7, 87.6, 
and 86.6% for the right eye (p = 0.048) and 89.6, 77.8, and 68.4% (p = 0.001) for 
the left eye in the early, middle, and late menarche groups, respectively. Age at 
menarche was negatively and significantly associated with myopia, particularly 
with moderate to severe myopia in 15-year-old girls (p = 0.039 for the right eye, 
p = 0.001 for the left eye).

Discussion: Age at menarche, as a marker of the onset of puberty, was identified 
as an independent risk factor of myopia in teenage girls, particularly for 
moderate to severe myopia. This implies that accelerated physical development 
during puberty may contribute to the onset and progression of myopia in the 
context of modern lifestyles in urban China. Additional interventions should 
be considered for this subgroup of children.

KEYWORDS

myopia, menarche age, adolescent, Chinese girls, puberty

OPEN ACCESS

EDITED BY

Shi Song Rong,  
Massachusetts Eye & Ear Infirmary and 
Harvard Medical School, United States

REVIEWED BY

Thiago Gonçalves dos Santos Martins,  
Federal University of São Paulo, Brazil
Ming Ming Yang,  
The Second Clinical Medical College of Jinan 
University & The First Affiliated Hospital of 
Southern University of Science and 
Technology, China

*CORRESPONDENCE

Xiaoya Qi  
 qixiaoya66@cqmu.edu.cn  

Xiyuan Zhou  
 300640@hospital.cqmu.edu.cn

†These authors have contributed equally to 
this work and share first authorship

‡These authors have contributed equally to 
this work

RECEIVED 09 March 2025
ACCEPTED 26 June 2025
PUBLISHED 15 July 2025

CITATION

Zhang J, Li R, Zhang Y, OuYang T, Ao D, 
Gong L, He L, Qi X and Zhou X (2025) 
Association between age at menarche and 
the risk of myopia at the age of 15 in 
Chongqing, China: a cross-sectional study.
Front. Med. 12:1590463.
doi: 10.3389/fmed.2025.1590463

COPYRIGHT

© 2025 Zhang, Li, Zhang, OuYang, Ao, Gong, 
He, Qi and Zhou. This is an open-access 
article distributed under the terms of the 
Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication 
in this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Original Research
PUBLISHED 15 July 2025
DOI 10.3389/fmed.2025.1590463

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2025.1590463&domain=pdf&date_stamp=2025-07-15
https://www.frontiersin.org/articles/10.3389/fmed.2025.1590463/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1590463/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1590463/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1590463/full
mailto:qixiaoya66@cqmu.edu.cn
mailto:300640@hospital.cqmu.edu.cn
https://doi.org/10.3389/fmed.2025.1590463
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2025.1590463


Zhang et al. 10.3389/fmed.2025.1590463

Frontiers in Medicine 02 frontiersin.org

Introduction

Myopia has become a significant global public health concern (1) 
with its rapidly increasing prevalence (2), irreversible complications 
(3), and heavy economic burden (4). In addition, the high prevalence 
of myopia was found to exist in East Asia, with the highest prevalence 
in China (5).

Menarche is one of the indicators of the onset of puberty in 
girls. It is believed to be associated with diseases in adults, such as 
reproductive cancers (6), metabolic syndrome (7), and 
cardiovascular diseases (8). Some studies have also explored the 
relationship between menarche and myopia. Studies based on the 
Korean National Health and Nutrition Examination Survey 
(KNHANES) (9) and the US National Health and Nutrition 
Examination Survey (NHANES) (10) have shown a negative 
association between age at menarche and myopia prevalence in 
adult female individuals. Teenage girls in post-menarche stage had 
a higher prevalence of myopia than those still in pre-menarche 
stage across all age groups from 10 to 15 years, according to data 
from the Chinese National Survey on Students’ Constitute and 
Health CNSSCH (1995–2014) (11). However, studies based on the 
CNSSCH did not account for the actual age at menarche within 
each age group when categorizing girls into pre-or post-menarche 
stages. In contrast, a cohort study that investigated the markers of 
puberty and myopia among children aged 6–14 years in Singapore 
found that early menarche (defined as age below the 50th 
percentile of the study cohort), or the age at menarche, was not 
associated with the age of myopia onset (12). However, this cohort 
study followed girls only until they reached grade 8 or age 14, 
which may not have been sufficient to detect the effect 
of menarche.

In addition to differences in the study design, there are variations 
in lifestyle across time periods and regions, which may have 
contributed to the differences in the findings of the studies 
mentioned above. Over the past decade, the average ages for the 
onset of myopia and menarche have decreased among Chinese 
adolescents, possibly due to significant changes in lifestyle (13). 
Therefore, it is necessary to confirm the relationship between 
menarche as a marker of puberty and myopia in adolescents within 
the context of current lifestyles.

Hence, we conducted a cross-sectional survey of female junior 
high school graduates in urban Chongqing, aiming to provide 
evidence for understanding the mechanisms underlying myopic 
development and to inform strategies for myopia prevention 
among adolescents.

Methods

Study participants

The participants were female junior high school graduates from 
urban Chongqing, approximately 15 years old, who visited the hospital 
for a physical examination required for senior high school enrollment. 
The Ethics Committee of Chongqing Medical University provided 
ethical approval for the study (No. CAF52704054B). The purposes and 
contents of the study were explained to all participants and their 

parents or legal guardians, and written informed consent was obtained 
from all participants.

Students who did not have menarche, who refused to participate, 
or who had pre-existing eye conditions such as strabismus, amblyopia, 
ocular inflammation, ocular trauma, corneal disease, congenital 
cataract, or choroid or retinal disorders were excluded from the study. 
Students with high astigmatism (astigmatism greater than three 
diopters or anisometropia greater than three diopters), high hyperopia 
(hyperopia greater than three diopters), or who wore contact lenses or 
orthokeratology lenses during the ocular examination were also 
excluded from this study.

Ocular examinations

Ocular examinations included visual acuity testing, slit-lamp 
examination, direct ophthalmoscopy, and non-cycloplegic refraction. In 
this study, both eyes were measured. All participants underwent 
measurement of uncorrected distance visual acuity (UCDVA) at 5 m 
using a standard logarithmic visual acuity E chart, with results recorded 
in logMAR scores. Visual acuity was tested with and without refractive 
correction for participants wearing spectacles. Previous studies have 
shown that, in children over 10 years old, non-cycloplegic refraction 
measurements are as accurate as cycloplegic measurements (14). In this 
study, refraction was assessed using non-cycloplegic measurement with 
an automatic computerized refractometer (-HRK-7000A, Huvitz Co. 
Ltd.). Each student’s eyes were measured thrice in a darkened room. 
Additional examinations were conducted if the difference in refractive 
error (RE) between readings was 0.50 diopters (D) or greater. The mean 
values of spherical diameter (SD) and cylindrical diameter (CD) were 
used for analysis.

Uncorrected visual acuity (UCVA) ≤ 0 logMAR was considered 
normal vision. The spherical equivalent refraction (SER) was 
converted by adding the spherical refraction and half of the cylindrical 
refraction. Myopia was defined as UCVA > 0 logMAR in either eye 
combined with an SER < = − 0.50 D1. Myopia severity was classified 
into three levels according to SER: mild myopia, −3.0 D < SER < −0.5 
D; moderate myopia, −6.0 D < SER ≤ −3.0 D; and severe myopia, 
SER ≤ −6.00D1.

Age at menarche

In this study, the age at menarche was self-reported by students. Based 
on their age at menarche, the students were arbitrarily divided into three 
groups to balance the sample size across groups: those who experienced 
menarche before 12 years of age were placed in the early menarche group, 
those at age 12 were placed in the normal menarche group, and those older 
than 12 years were placed in the late menarche group.

Confounders

Physical examination: Physicians from the Department of Health 
Medical Center conducted other physical examinations, including 
measurements of height (meters), weight (kilograms), heart rate 
(times per min), and blood pressure (BP; mmHg). Body mass index 
(BMI) was calculated as body weight (kg)/height (m)2.
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Pulmonary function test (PFT): Pulmonary function equipment 
(COSMED) was used to measure the students’ pulmonary function. 
The following measurements were recorded and used for analysis: 
forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), 
FVC% (the percentage of the actual FVC compared to the predicted 
value based on age, gender, and height), and FEV1% (the percentage 
of the actual FEV1 compared to the predicted value based on age, 
gender, and height).

Other variables: A structured questionnaire was administered 
through face-to-face interviews by a trained doctor to collect 
information about demographics, sociological background, the vision 
conditions of parents, eye-related behaviors, and the school to which 
each student was admitted. To avoid interviewer bias, a fixed team 
administered all questionnaires.

Quality control

Before the study started, all research team members, including 
three experienced ophthalmologists, two qualified optometrists, and 
one postgraduate student, were trained. All instruments were checked 
and adjusted before the examination.

Data analysis

Data were summarized as proportions for categorical variables 
and as mean± standard deviation (SD) for continuous variables. 
Variables were compared among the three menarche groups using 
chi-squared tests and analysis of variance (ANOVA), and the 
association between age at menarche and myopia was analyzed using 
univariate and multivariate logistic regression. A two-sided p-value of 
< 0.05 was considered statistically significant. All statistical analyses 
were conducted using SPSS 19.0.

Results

General characteristics of participants 
classified by age at menarche

Among the 376 participants with menarche, 115 girls were 
classified into the early menarche group, 185 into the normal 
menarche group, and 76 into the late menarche group. Early 
menarche was associated with higher weight and BMI. The other 

TABLE 1 Characteristics of the study population according to age at menarche.

Variables Early menarche Normal menarche Late menarche p

N = 115 N = 185 N = 76

Age (year) 15.0 ± 0.5 15.0 ± 0.5 15.0 ± 0.2 0.423

Height (cm) 161.3 ± 5.8 161.3 ± 5.7 161.8 ± 5.0 0.186

Weight (Kg) 55.9 ± 11.4 53.6 ± 8.8 51.2 ± 8.4 0.005

BMI (Kg/m2) 21.4 ± 4.1 20.6 ± 3.0 19.6 ± 2.9 0.001

Parental myopia

Father (n,%) 40 (34.8) 71 (38.4) 27 (35.5) 0.798

Mother (n,%) 49 (42.6) 74 (38.4) 28 (36.8) 0.675

Father and mother (n,%) 25 (21.7) 45 (24.3) 18 (23.7) 0.878

Academic level

Low (n,%) 30 (26.1) 42 (22.7) 25 (32.9) 0.461

Middle (n,%) 62 (53.9) 97 (52.4) 36 (47.4)

High (n,%) 23 (20.0) 46 (24.9) 15 (19.7)

Heart rate (time/min) 77.1 ± 13.0 75.0 ± 12.7 76.0 ± 12.6 0.325

Blood pressure

SBP (mmHg) 109.3 ± 13.1 108.6 ± 11.8 106.0 ± 11.3 0.161

DBP (mmHg) 66.5 ± 9.4 65.4 ± 7.4 65.5 ± 7.3 0.517

PET

FVC (liter) 2.95 ± 0.41 2.87 ± 0.39 2.88 ± 0.40 0.268

FVC% 93.1 ± 11.6 92.3 ± 17.3 91.2 ± 12.8 0.747

FEV1 (liter) 2.69 ± 0.48 2.61 ± 0.50 2.61 ± 0.35 0.371

FEV1% 92.2 ± 12.3 92.1 ± 23.6 90.6 ± 11.2 0.838

Hyperopia

Left eye 1 (0.9) 2 (1.1) 0 (0.0) 0.668

Right eye 0 (0.0) 3 (1.6) 0 (0.0) 0.210

Early menarche: menarche age<12; normal menarche: menarche age = 12; and late menarche: menarche age>12. PFT, pulmonary function test; FVC, forced vital capacity; FEV1, forced 
expiratory volume in 1 s; FVC%, the percentage of the actual FVC compared to the predicted FVC; FEV1%, the percentage of the actual FEV1 compared to the predicted FEV1.
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characteristics of the 376 enrolled students, according to age at 
menarche, are summarized in Table 1. There were no significant 
differences between the three groups in terms of age, height, 

myopic condition of parents, academic performance (based on 
the prestige of the schools they were admitted to), heart rate, BP, 
and PFT indexes.

Ocular parameters by age at menarche

Table 2 demonstrates that the girls in the early menarche group 
had the lowest values of uncorrected visual acuity (logMAR), spherical 
diameter (SD), and spherical equivalent refraction (SER) in both eyes. 
However, cylindrical diameter (CD) values were not significantly 
different among the three groups.

Myopia prevalence by age at menarche

The results in Table 3 demonstrate that the prevalence of myopia 
in the right eye was highest in the early menarche group (95.7%), 
followed by the normal menarche group (87.6%) and the late 
menarche group (86.6%). A similar pattern was observed in the left 
eye, with myopia prevalence of 89.6, 77.8, and 68.4% in the early, 
normal, and late menarche groups, respectively. The prevalence of 
myopia differed significantly across the menarche age groups in both 
eyes (p = 0.048 for the right eye, p = 0.001 for the left eye). Among the 
girls who experienced early menarche, moderate myopia was the most 
prevalent type (52.2% in the right eye and 44.3% in the left eye), while 
for girls with normal or late menarche, mild myopia was 
most prevalent.

Multivariate regression analysis of myopia 
and age at menarche

Table 4 shows that among the girls aged 15, age at menarche 
was negatively associated with the risk of myopia in both eyes, 
with a stronger association observed in the left eye (p < 0.001). 
After adjusting for all available confounders, the relationship 
between age at menarche and the risk of myopia in the right eye 
became marginally significant (p = 0.066), while the association 
remained significant in the left eye (p = 0.001). The girls with 
early menarche were more likely to develop myopia compared to 
those with normal or late menarche.

Multivariate regression analysis of 
moderate/severe myopia and age at 
menarche

When considering the severity of myopia, we performed a 
multivariate logistic regression analysis to examine the 
relationship between age at menarche and the risk of moderate/
severe myopia. Table 5 shows that age at menarche was negatively 
and significantly associated with the risk of moderate/severe 
myopia in both eyes (p < 0.05), even after adjusting for 
confounders. The girls aged 15 with early menarche had a 
significantly higher risk of mild/severe myopia compared to their 
peers with normal or late menarche.

TABLE 2 Ocular parameters of the participants by age at menarche.

Variables Early 
menarche

Normal 
menarche

Late 
menarche

p

N = 115 N = 185 N = 76

Right eye

LogMAR −0.63 ± 0.34 −0.57 ± 0.34 −0.45 ± 0.37 0.003

  SD −2.93 ± 1.76 −2.60 ± 1.95 −2.16 ± 1.88 0.025

  CD −0.82 ± 0.69 −0.74 ± 0.70 −0.62 ± 0.53 0.138

  SER −3.30 ± 1.82 −2.91 ± 2.09 −2.43 ± 1.96 0.013

Left eye

LogMAR −0.63 ± 0.39 −0.51 ± 0.37 0.39 ± 0.39 0.000

  SD −2.64 ± 1.91 −1.98 ± 2.23 −1.48 ± 2.08 0.001

  CD −1.01 ± 0.72 −1.00 ± 0.79 −0.82 ± 0.64 0.178

  SER −3.12 ± 2.02 −2.41 ± 2.32 −1.87 ± 2.21 0.001

Early menarche: menarche age<12; normal menarche: menarche age = 12; and late 
menarche: menarche age > = 13. SD, spherical diameter; CD, cylindrical diameter; SER, 
spherical equivalent refraction.

TABLE 3 Comparison of myopia prevalence between the different 
menarche age groups using left and right eye data.

Variables Early 
menarche

Normal 
menarche

Late 
menarche

p

N = 115 N = 185 N = 76

Right eye

Myopia 0.048

  No 5 (4.3) 23 (12.4) 10 (13.2)

  Yes 110 (95.7) 162 (87.6) 66 (86.6)

Myopia 

severity
0.014

  No 5 (4.3) 23 (12.4) 10 (13.2)

  Mild 44 (38.3) 78 (42.2) 38 (50.0)

  Moderate 60 (52.2) 66 (35.7) 24 (31.6)

  Severe 6 (5.2) 18 (9.7) 4 (5.3)

Left eye

Myopia 0.001

  No 12 (10.4) 41 (22.2) 24 (31.6)

  Yes 103 (89.6) 144 (77.8) 52 (68.4)

Myopia 

severity
0.002

  No 12 (10.4) 41 (22.2) 24 (31.6)

  Mild 43 (37.4) 69 (37.3) 31 (40.8)

  Moderate 51 (44.3) 59 (31.9) 14 (18.4)

  Severe 9 (7.8) 16 (8.6) 7 (9.2)

Early menarche: menarche age <12 years old; normal menarche: menarche age = 12 years 
old; and late menarche: menarche age >12 years old.

https://doi.org/10.3389/fmed.2025.1590463
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Zhang et al. 10.3389/fmed.2025.1590463

Frontiers in Medicine 05 frontiersin.org

Discussion

This study demonstrated that girls who experienced early 
menarche had lower values of ocular indexes, such as visual acuity, 
spherical diameter, cylindrical diameter, and spherical equivalent 
refraction, and a higher risk of myopia, especially moderate/severe 
myopia, than those with normal or late menarche at the age of 15.

These results are consistent with studies that have shown a 
negative relationship between age at menarche onset and myopia in 
female adults (9, 10). However, our results differ from other studies on 
teenagers. According to a series of national surveys of Chinese 
adolescents, post-menarche girls had a higher prevalence of myopia 
than pre-menarche girls at ages 10–14 years, but not at the age of 15 
(15). This may be because by age 15, nearly all girls had their menarche 

and are therefore classified as post-menarche, making it difficult to 
detect the influence of menarche at this age. In another cohort study 
conducted in Singapore, in which school girls aged 7–10 years were 
included and followed up until the age of 14, the results showed that 
the onset age of puberty, instead of menarche, was associated with the 
age of myopia onset (12).

In this study, we further confirmed the negative association between 
age at menarche and the risk of myopia in 15-year-old schoolgirls, which 
is older than the age examined in other studies. Therefore, the exposure 
time to sex hormones such as estrogen, progestin, and lutein in girls with 
earlier menarche is much longer than those in other studies. Regarding 
the role of sex hormones in the eyes, a 2-year follow-up cohort study by 
Wang et al. (15) showed that increased estradiol was associated with more 
negative refractive error and axial length elongation in Chinese children 
(16). Similarly, Xie also reported significant differences in the levels of 
estradiol, testosterone, follicle-stimulating hormone, and lutein hormone 
between myopia and non-myopia groups (17). Estrogen receptors have 
been found in multiple parts of the human eyes, including the retinal 
pigment epithelium (RPE) (18), sclera (19), cornea (20), and aqueous 
fluid in the vitreous body (19). The molecular mechanisms related to sex 
hormones include estrogen-regulating matrix metalloproteinases 
(MMPs) in the RPE and sclera (21, 22), which may contribute to the 
remodeling of the scleral and cornea. Insulin-like growth factor-1 (IGF-1) 
may be  involved in myopia (23, 24). by contributing to ocular axial 
elongation (25, 26).

After adjusting for all possible confounders, including pulmonary 
function, which may be positively related to physical activity, as noted 
by Ji J (23), the relationship between age at menarche and myopia 
remained significant in both eyes. This suggests that early menarche 
is an independent risk factor for myopia in teenagers aged 15 years.

In our study, we also found that ocular measurements such as SD 
and SER and the proportions of myopia were more adverse in the right 
eye than in the left eye in each menarche age group. A potential 
explanation may involve ocular dominance and asymmetry in visual 
behavior, which expose the right eye to more risk factors. 
Overexposure to other risk factors may reduce the influence of age at 
menarche on myopia, which is consistent with the regression analysis 
results showing that the regression coefficients were slightly smaller in 
the right eye than in the left eye.

As early menarche or puberty is an independent risk factor of 
myopia, especially for the moderate to severe degree of myopia, 
evidence-based interventions should be emphasized when signs of 
early puberty, such as early menarche, are observed. These 
interventions include increasing outdoor activities (recommended at 
least 2 h per day) (24), cultivating the habit of taking breaks during 
eye use (27), undergoing annual ocular examinations (28), and the 
proper use of low-dose atropine and optical interventions, such as 
orthokeratology or defocus glasses (29).

Strengths and limitations

This study has several strengths. The participants had a high 
homogeneity of age and shared similar living and educational 
environments, which helped reduce potential confounding factors such 
as age in the analysis of myopia. The measurement of SER is more 
accurate for identifying myopia than regular vision acuity tests or 
questionnaires, which have been used in other large-scale studies. 

TABLE 4 Multivariate logistic regression analysis of myopia and age at 
menarche using left and right eye data.

Models β SE p R2 AIC VIF

Right eye

Model 1 −0.601 0.277 0.030 0.016 245.5226 1.000

Model 2 −0.538 0.282 0.044 0.029 248.9927 1.040

Model 3 −0.587 0.289 0.042 0.049 207.0471 1.043

Model 4 −0.561 0.305 0.066 0.095 196.7198 1.047

Left eye

Model 1 −0.793 0.218 <0.001 0.045 372.0574 1.000

Model 2 −0.742 0.223 0.001 0.066 370.3294 1.040

Model 3 −0.764 0.225 0.001 0.078 296.309 1.043

Model 4 −0.796 0.238 0.001 0.127 284.8137 1.047

Early, normal, and late menarche were coded as 1,2, and 3, respectively (early menarche: 
menarche age <12; normal menarche: menarche age = 12; and late menarche: menarche age 
>12). AIC, Akaike Information Criterion; VIF, Variance Inflation Factor. Model 1: 
Unadjusted. Model 2: Adjusted for BMI, heart rate, SBP, and DBP. Model 3: Model 2 plus 
adjustments for FVC, FVC%, FEV1, and FEV1%. Model 4: Model 3 plus adjustments for 
parental myopia, father’ and mother’, and academic performance.

TABLE 5 Multivariate logistic regression analysis of moderate/severe 
myopia and age at menarche using right and left eye data.

Models β SE p R2 AIC VIF

Right eye

Model1 −0.374 0.166 0.024 0.017 515.9249 1.000

Model2 −0.359 0.171 0.036 0.036 516.6783 1.040

Model3 −0.365 0.172 0.033 0.045 431.1128 1.043

Model4 −0.363 0.176 0.039 0.086 423.77 1.047

Left eye

Model1 −0.615 0.174 <0.001 0.042 502.6674 1.000

Model2 −0.605 0.178 0.001 0.055 506.4649 1.040

Model3 −0.614 0.179 0.001 0.060 419.7281 1.043

Model4 −0.616 0.182 0.001 0.098 413.3949 1.047

Early, normal, and late menarche were coded as 1, 2, and 3, respectively (early menarche: 
menarche age <12; normal menarche: menarche age = 12; and late menarche: menarche age 
>12). AIC, Akaike Information Criterion; VIF, Variance Inflation Factor. Model 1: 
Unadjusted. Model 2: Adjusted for BMI, heart rate, SBP, and DBP. Model 3: Model 2 plus 
adjustments for FVC, FVC%, FEV1, and FEV1%. Model 4: Model 3 plus adjustments for 
parental myopia, father’ and mother’, and academic performance.
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Furthermore, we  surveyed the participants through face-to-face 
interviews, which may provide more accurate information about age at 
menarche than a self-administrated questionnaire. Finally, this study is 
the first to include both spherical and cylindrical lens measurements and 
to investigate the incidence and severity of myopia in the right and left 
eye separately to study the relationship between myopia and menarche.

However, several limitations should also be  noted. First, the 
sample size was relatively small and drawn from a single site, making 
selection bias inevitable and limiting the generalizability of the results 
to all teenage girls. Second, as this was a cross-sectional study, 
we could not establish a causal relationship between menarche and 
myopia, although it is unlikely that myopia influences the timing of 
menarche. Third, we had no information about hormone levels, the 
gold standard for measuring puberty. Therefore, the underlying 
mechanism linking menarche to myopia is still unclear. Fourth, we did 
not measure the axial lengths of these participants, which can more 
accurately and completely reflect the degree of myopia. Finally, the age 
at menarche was self-reported, which may have introduced recall bias. 
In addition, data on lifestyle behaviors, such as eye usage habits, 
outdoor activity, screen time, and sleep quality, were unavailable for 
analysis, which may cause bias in the results.

Conclusion

Early menarche, as an independent risk factor, can increase the 
risk of myopia in adolescents. More active interventions should 
be considered to reduce the risk of myopia in children with early 
menarche. In addition, longitudinal studies on the increased risk of 
myopia associated with early onset of puberty are warranted.
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