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Importance: Girls in East Asia have a higher myopia prevalence than boys. Less research has been done on whether girls' earlier puberty could explain this sex difference.

Objective: The purpose of this study was to evaluate the association between myopia and puberty and the role of puberty in explaining the sex disparity in adolescent myopia prevalence.

Design, Setting, and Participants: In this nationwide cross-sectional study, data came from five consecutive national surveys from 1995 to 2014 in China. We included 338,896 boys aged 11–18 and 439,481 girls aged 9–18.

Main Outcomes and Measures: Myopia was defined according to unaided distance visual acuity and subjective refraction; puberty status was defined dichotomously as menarche or spermarche status. The association between myopia and puberty was evaluated by robust Poisson GEE regression. Mediation analyses were used to quantify how much of the sex disparity in myopia could be explained by puberty.

Results: Post-menarche girls and post-spermarche boys showed 29–41% and 8–19% higher risk of myopia than pre-menarche girls and pre-spermarche boys, respectively. The association remained significant in girls [prevalence ratio (PR) = 1.07, 95%CI:1.04–1.10] but disappeared in boys (p > 0.05) after adjusting for potential confounders. Girls had a 12–23% higher risk of myopia than boys. A total of 16.7% of the sex disparity in myopia could be explained by girls' earlier puberty, whereas 11.1% could be explained by behavioral factors.

Conclusion and Relevance: Puberty status is independently associated with myopia in girls but not in boys. A significant proportion of the sex disparity in adolescent myopia could be explained by girls' earlier puberty, suggesting the need to consider sex-differentiated strategies for myopia prevention and treatment.
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INTRODUCTION

Myopia (near-sighted vision) has emerged as a major global public health concern (1) with its rapidly increasing prevalence (2) and heavy economic burden (3). The higher prevalence of myopia in girls is a consistent phenomenon in most ethnicities, but this trend has few satisfactory explanations (2). East Asians, including the Chinese (4), have the highest prevalence of myopia worldwide, reaching 80% at the age of 18 years. We previously found that the earlier a girl enters puberty, the higher their risk of myopia (5). Given that girls usually enter puberty 1–2 years earlier than boys (6, 7), earlier puberty may partly explain the higher prevalence of myopia in girls.

A cohort study found that nearly 80% of new myopia cases occurred in individuals aged 9–13 years (8), suggesting that myopia mostly develops during early and mid-puberty (1). Thus, we hypothesize that puberty development might be associated with myopia onset. This hypothesis is further supported by the finding that boys and girls with earlier growth spurts also experienced earlier axial growth and myopia onset (9). A total of two other cohort studies showed that growth in height before age 10 contributed was not associated with myopia development, indicating that puberty development after age 10 may play a bigger role (10, 11).

Evidence using puberty indicators other than growth is controversial and limited. A number of two cross-sectional studies investigating adults in India and South Korea found that women with an earlier menarche age had a higher prevalence of myopia. These results, however, may be compromised by recall bias because the age of menarche- and myopia-related covariates was collected in adulthood (12, 13). In contrast, another study found no association between the age of menarche and the age of axial growth or myopia onset, but this negative finding may result from selection bias and low statistical power because it only included 1,779 children from 3 schools in Singapore (9). Furthermore, studies have not been able to establish an association between myopia and spermarche, the male-specific puberty indicator. More studies with a large sample size and good measures of puberty status during adolescence are needed to clarify the role of puberty in myopia development. Such studies may be especially critical for China, the country with the largest myopic population (4).

Based on previous studies, we hypothesize that adolescent myopia is positively associated with the onset of puberty, as represented by menarche or spermarche status, and this association may help explain girls' higher myopia prevalence in China. The Chinese National Survey on Students' Constitute and Health (CNSSCH), a national survey of school-aged children, provided us with data to approach these questions. Testing these hypotheses could lead to more targeted or sex-specific strategies to prevent myopia.



METHODS


Study Design and Participants

Data were extracted from the 1995, 2000, 2005, 2010, and 2014 cycles of the CNSSCH, a series of cross-sectional national surveys among school-aged children in China that used identical stratified random cluster sampling procedures in each cycle. In total, the surveys reached 1,081,956 Han ethnicity students (the dominant ethnic group in China) aged 7–18, of which 1,080,030 (99.8%) had data on myopia. The CNSSCH covered 30 of the 31 mainland provinces (4 municipalities were also treated as provincial units), excluding Tibet where the Han people are a minority. Children from recognized non-Han ethnicity minority groups were not included (these groups constitute 8.9% of the population of the 30 included provinces). In each province, three cities or regions at different levels of economic development or regional socioeconomic status (SES) (“upper,” “moderate,” and “low”) were chosen. Children aged 7–18 clustered by classroom were randomly chosen from these schools, ensuring that each sex × age combination in each city/region included at least 100 children (6). The project was approved by the Medical Research Ethics Committee of Peking University Health Science Center (IRB00001052-18002).



Visual Acuity and Refraction Status Measurements

Myopia was defined based on the vision chart assessment of unaided distance visual acuity (VA) (4) in the worse eye combined with simple subjective refraction. Unaided distance VA for each eye was measured by certified optometrists using a retro illuminated logarithm of the minimum angle of resolution (logMAR) chart with tumbling-E optotypes (Precision Vision, Denver Colorado) (8). Reduced VA was defined as distance VA worse than 6/6.

For eyes with reduced VA, subjective refraction was used to detect the refractive status with a positive/ negative diopter spherical lens of +/-0.75D. Compared with the unaided distance VA, if the distance VA wearing the positive lens reduced ≥1 line on the chart, and the distance VA wearing the negative lens improved ≥1 line, then the examined eye was defined as having “myopia”; if the result was reversed, then the examined eye was defined as having “hyperopia.” Any other situations were defined as “other reduced VA.” If one of the two eyes was defined as myopia, then the participant was defined as having myopia. According to a validation trial performed by our collaborators in 2012 (refer to Supplementary Material), our definition of myopia achieved a sensitivity of 91.9% and a specificity of 83.6%, compared with the most commonly used definition (3) (spherical equivalent refractive error measured by cycloplegic refraction ≤-0.50 D).



Puberty Status Measurements

In each CNSSCH, individual puberty status was defined by the menarche or spermarche status responses given to sex-matched interviewers (6). Girls aged ≥9 years were asked whether menarche had occurred by a school nurse or female physician (6). Similarly, boys ≥11 years were asked whether they had experienced a first ejaculation by male physicians or health professionals (5). As detailed in our previous publications, when needed we used several scripted statements from our well-trained interviewers to ensure that students understood the question and answered the question in a relaxed way (5, 6).



Other Measurements

Participants in the 2014 CNSSCH were asked to complete a self-administered questionnaire in their classrooms and under the guidance of trained investigators. The questionnaire was designed by a panel of experts. Pilot studies were carried out to test whether the questionnaire could be understood and answered accurately by the students. Prior to filling in the questionnaire, students were informed that their answers would be kept confidential and would have no effect on their grades. The questionnaire covered different behaviors, such as sleep duration, physical activity, homework time, near screen time, weekend outdoor activity, and weekend study activity. For individual students, weekend outdoor activity and weekend study activity were classified as “in top 3” and “not in top 3,” meaning that the outdoor (or study) activity is one of the top three choices that the participants do on weekends. Age in years and age in days (exact age, presented in hundreds) were both calculated according to participants' date of birth and date of physical examination in the survey. Provincial Gross Domestic Product (GDP) per capita at 2014 prices in different survey years was sourced from the China Statistical Yearbook to provide a measure of regional socioeconomic status (SES). For each participant, VA, puberty status, and all other measures were performed in 1 day.



Statistical Analyses

First, we used the full sample to evaluate the association between myopia and puberty status. We compared the age-standardized prevalence of myopia between pre-menarche/spermarche and post-menarche/spermarche girls and boys across different ages and survey years using chi-square tests. A total of 338,896 boys aged 11–18 and 439,481 girls aged 9–18 with complete data on myopia and puberty status were included in this analysis. We used robust Poisson regression models based on a generalized estimated equation (Poisson GEE) to detect the association between myopia and puberty status (14, 15). This family of models adjusts for the cluster effect of school and estimates prevalence ratios (PRs), which are unbiased estimators of relative risk in cross-sectional studies (14, 15). PRs avoid the problem of odds ratios, which overestimate the relative risk when the prevalence is higher than 10% (14, 15).

Second, we used matched samples to evaluate the association between myopia and puberty status. To make the pre- and post-menarche girls or pre- and post-spermarche boys as comparable as possible, we extracted 5,641 pairs of boys and 6,151 pairs of girls from the 2014 CNSSCH. In each pair, one was pre-menarche or pre-spermarche whereas the other was post-menarche or post-spermarche, and they were the same age and from the same school. This pairing procedure helped to control the effect of age and other confounders at the school level or above and avoids the multi-collinearity of adding age to the regression model.

Finally, mediation analyses with two steps of regression were used to estimate the proportion of sex disparity in myopia explained by puberty and myopia-related behaviors, quantified as the percentage of excess risk mediated (PERM) (refer to Supplementary Material) (16). The median age at menarche or spermarche and their 95% CI were estimated by probit analyses (5, 6). The PRs and their 95% CI were estimated for each model. A two-sided p < 0.05 was considered statistically significant. We used SPSS (version 20.0, IBM, Chicago, Illinois, USA) to perform the probit analyses. All other analyses were performed in R (version 3.3.2, Boston, Massachusetts), and the geepack package (version 1.2-1) in R was used to perform the regression analyses.




RESULTS


The Myopia Prevalence Among Pre- and Post- Menarche/Spermarche Girls and Boys

From 1995 to 2014, the age-standardized prevalence of myopia was 8.7–12.8% points greater in post-menarche girls than pre-menarche girls aged 9–18 (all p < 0.001).

A similar pattern was seen in boys, but the disparity between pre- and post-puberty boys was smaller than that of girls. From 1995 to 2014, the age-standardized prevalence of myopia was only 2.5–5.8% points greater in post-spermarche boys than pre-spermarche boys aged 11–18 (all p < 0.001) (Table 1).


Table 1. Comparison of myopia prevalence between pre- and post-menarche/spermarche subjects by sex and age, 1995–2014 [sample size (%)].
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The Association Between Myopia and Puberty Status

As shown in Figure 1, post-menarche girls aged 9–17 had 29–41% (PRs ranged from 1.29 to 1.41, all p < 0.05) higher risk of being myopic than the pre-menarche girls at the same age. After adjusting for demographic and socioeconomic factors, the PRs consistently reduced to 1.13–1.32 in girls aged 9–17, but all remained statistically significant (p < 0.05). The result in 18-year-olds was slightly different, mainly due to the small sample of pre-menarche girls at 18 years of age, as shown in Table 1.


[image: Figure 1]
FIGURE 1. The association between myopia and puberty (menarche for girls and spermarche for boys) status by age in the 1995, 2000, 2005, 2010, and 2014 CNSSCH. (A) Girls (unadjusted model). (B) Girls (adjusted model). (C) Boys (unadjusted model). (D) Boys (adjusted model). PR, prevalence ratio, represents the relative risk of myopia for post-menarche girls (or post-spermarche boys) compared to pre-menarche girls (or pre-spermarche boys). CNSSCH, Chinese National Survey on Students' Constitute and Health. The total sample sizes for girls and boys were 429,814 and 332,161, respectively. The unadjusted model only adjusted for the cluster effect of school. The adjusted model additionally adjusted for survey year, urban–rural location, regional socioeconomic status (SES) within province and provincial GDP per capita. The error bars represent 95% confidence intervals (CI).


Similarly, unadjusted regression results in boys showed that post-spermarche boys aged 11 to 18 had an 8–19% (PRs ranged from 1.08 to 1.19) higher risk of being myopic than pre-spermarche boys at the same age. All PRs were statistically significant (higher than 1, p < 0.05) except in 18-year-olds, where the pre-spermarche sample is small. When further adjusted for demographic and socioeconomic factors, PRs reduced to 1.01–1.11 in the 8 age groups, and only the results of 13–15 and 17-year-olds remained statistically significant (p < 0.05).

Table 2 shows the basic characteristics of boys and girls from the paired sample. The median age of post-spermarche boys was only 3 days older than pre-spermarche boys, and the post-menarche girls were only 24 days older than pre-menarche girls (Table 2). Meanwhile, the distribution of pre- and post-spermarche/menarche exact ages was largely overlapping (Supplementary Figure 1), and thus, the residual confounding effect of age in paired sample analyses tended to be minimal.


Table 2. The basic characteristics of included pre- and post- menarche/spermarche subjects matched by sex, age, and school from the 2014 CNSSCH, n (%).
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In the paired sample, post-menarche girls had significantly higher myopia prevalence (66.2 vs. 62.0%), less weekend outdoor activity, more near screen time, and shorter sleep duration than pre-menarche girls (p < 0.05). No significant differences were seen between the two groups in weekend study activity, daily physical activity time, daily homework time, and self-reported study pressure (p > 0.05). Post-spermarche boys had significantly longer near screen time than pre-spermarche boys (p < 0.05), but there were no significant differences in myopia prevalence (66.4 vs. 65.4%) or in the six other measured behaviors (Table 2).

Based on the paired sample, post-menarche girls have a 7% (PR = 1.07, 95% CI:1.04–1.10) higher risk of being myopic than pre-menarche girls. This association changed very less when stratified by or adjusted for the seven behaviors (Table 3). However, the association between myopia and spermarche in boys' paired samples was non-significant (unadjusted PR = 1.02, 95% CI:0.99–1.04) and remained non-significant after being stratified by or adjusted for the seven measured behaviors (Table 4).


Table 3. The association between menarche status and myopia in girls from the paired sample in the 2014 CNSSCH, stratified by behavioral factors.
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Table 4. The association between myopia and spermarche status in boys from the paired sample in the 2014 CNSSCH, stratified by behavioral factors.
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The Sex Disparity in Myopia

The prevalence of myopia was consistently higher in girls than in boys regardless of age and survey year. Interestingly, in all survey years, the sex differences in myopia prevalence first went up after 9 years of age and then went down after reaching the highest values at 13–15-year-olds. These changes seemed to be in line with the changing pattern of sex disparity in puberty status (Supplementary Table 2).

The sex disparity in myopia was influenced by puberty status. Among post-spermarche/menarche adolescents, girls were 7.8–17.5%points higher in myopia prevalence than boys aged 11–18-year-olds (p < 0.05). However, among pre-spermarche/menarche adolescents, the sex differences ranged from −2.7–6.9% points, only reaching significance in 11–13-year-olds (Figure 2).


[image: Figure 2]
FIGURE 2. Sex disparity of myopia prevalence among boys and girls aged 11–18 years in the 1995, 2000, 2005, 2010, and 2014 CNSSCH, stratified by age and menarche/spermarche status. P (Girls) and P (Boys) represent the prevalence of myopia in boys and girls, respectively. * represents the statistical significance of sex differences in myopia prevalence.


Figure 3 shows that girls had a 12–23% (PRs ranged from 1.12 to 1.23, all p < 0.05) higher risk of myopia than boys at the same age, from 7 to 18 years in both the unadjusted and adjusted models. The post-menarche girls had 11–49% (PRs ranged from 1.11 to 1.49, all p < 0.05) higher risk of myopia than post-spermarche boys. However, for pre-spermarche/menarche adolescents aged 11–18 years, girls only had a 1–22% higher risk of myopia than boys.
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FIGURE 3. The sex disparity in myopia prevalence estimated by regression models among boys and girls aged 7–18 in the 1995, 2000, 2005, 2010, and 2014 CNSSCH, stratified or unstratified by puberty status. (A) Unstratified (unadjusted model). (B) Stratified (unadjusted model). (C) Unstratified (adjusted model), (D) Stratified (adjusted model). PR, prevalence ratio, represents the relative risk of myopia for girls compared to boys. CNSSCH, Chinese National Survey on Students' Constitute and Health. The unadjusted model only adjusted for the cluster effect of school. The adjusted model additionally adjusted for survey year, urban–rural location, regional socioeconomic status (SES) within province, and provincial GDP per capita. The error bars represent 95% confidence intervals (CI).




The Role of Puberty in Explaining the Sex Disparity in Myopia

As shown in Supplementary Table 2, the biggest difference between sex was puberty status. The median age at menarche was 12.2 years (95%CI: 12.0–12.4), which is 1.6 years earlier than the median age at spermarche (13.8, 95%CI:13.5–14.0). Girls showed less weekend outdoor activity, more weekend study activity, shorter daily physical activity time, shorter sleep duration, and longer homework time; boys were engaged in longer near screen time and reported heavier study pressure (all p < 0.001) (Supplementary Table 3).

According to the basic model 1, after adjusting for puberty status, the PR for sex disparity decreased from 1.122 to 1.102, indicating that 16.71% [PEMR = (1.122–1.102)/(1.122–1)] of the sex disparity in myopia could be explained by puberty status. In comparison, the seven measured behaviors only explained 0.19–4.78% of the sex disparity in myopia, altogether equaling 11.14%. When fully adjusting for the seven behaviors (basic model 2), puberty explained 16.75% of the sex disparity in myopia (Table 5). Using adolescents aged 11–18 years in the 1995, 2000, 2005, and 2010 CNSSCH to repeat the mediation analyses provided consistent results: across years, puberty explained 15.86–21.97% of the sex disparity in myopia after controlling for demographic and socioeconomic factors (Supplementary Table 4).


Table 5. The proportion of sex disparity in myopia explained by puberty and behavioral factors, in boys and girls 11 to 18 years of age in the 2014 CNSSCH. sample size = 125,466).
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DISCUSSION

Menarche is a major milestone of female puberty (17), just as spermarche is for boys. We found that menarche was associated with a 7% higher risk of myopia among girls, but the association between spermarche and myopia in boys was smaller and non-significant. The sex disparity in myopia was consistent across 7–18-year-olds in all 5 surveyed years. Interestingly, the sex disparity in myopia was stronger and significant in post-menarche/spermarche adolescents, but smaller or non-significant in pre-menarche/spermarche adolescents. Over 16% of the sex disparity in myopia could be explained by girls' earlier puberty, compared to ~11% explained by several other behavioral factors together.

The mechanism underlying the association between myopia and puberty is unclear. It is plausible that when the body grows rapidly during puberty, the axial length of the eyes also grows faster, so puberty could create a risk for myopia onset due to axial growth. The mechanisms that link puberty development and axial growth are unknown, but Lyu believes that increased estrogen after menarche could explain the association (12). Although two case–control studies found that serum estrogen was not higher in myopic girls compared with non-myopic girls, the two studies had several major flaws, including a small sample size and not controlling for critical confounders (e.g., age, outdoor time) (18, 19). Insulin-like growth factor-1 (IGF-1) is another, perhaps more convincing mediator. Serum IGF-1 level grows rapidly after menarche/spermarche (20, 21), and it could accelerate axial elongation in eyes (22) according to experimental studies in chicks (23, 24) and genetic studies (25). More human-based evidence is needed to test whether IGF-1 is an underlying mechanism driving axial growth during puberty.

The sex difference in the association between myopia and puberty may be explained by the differences in physiological and behavioral changes during puberty. Physiological changes could include hormone changes during puberty (e.g., androgen in boys vs. estrogen in girls), although the role played by hormones in myopia onset remains unknown (18, 19, 26). As for behavioral changes, menarche and spermarche, the milestones of sexual maturity (27), may make adolescents more concerned about appearance. In the perspective of Asian countries, white skin is a key component of attractiveness in girls. Thus, post-menarche girls may reduce outdoor activity to avoid being tanned and sweating from activities. This was supported by our finding that post-menarche girls were less active in weekend outdoor activities than pre-menarche girls, whereas no such difference was found between pre- and post-spermarche boys.

Sex disparity in myopia is a widespread phenomenon, especially in eastern Asia (2). Our results further support this conclusion. Traditional Chinese culture typically requires women to be quiet and men to be active (28), so previous studies have suggested that the sex disparity in myopia may be due to behavioral differences in outdoor activity and near work (activities requiring near focus). Also, the interest Chinese girls have in paler skin may make them avoid outdoor activities that are known to protect against myopia (29, 30). Girls generally study harder than boys and have longer homework time (29), predisposing them to myopia. However, the seven measured behaviors in our mediation analyses could each only explain 0.19–4.78% of the sex disparity in myopia (cumulatively explaining 11.14%). In contrast, puberty could explain more than 16% of the sex disparity. The mediation effect of puberty had two foundations. One was the association between myopia and puberty, as we discussed above. The other was the difference in puberty timing, where boys generally start puberty 1–2 years later than girls (5, 6). Compared to the behavioral factors described above, puberty is a better explanation of the sex disparity in adolescent myopia in other countries where the sex difference in those behaviors (e.g., outdoor activity, white skin preference, and homework time) may not exist or be reversed. Admittedly, puberty cannot explain the sex disparity in 7–9-year-olds, and there is still a large proportion of the sex disparity to be explained by other factors, such as opsin genetics. The human retina contains three types of cone photoreceptors, which are sensitive to long (L), middle (M), or short (S) wavelengths of light. Recent studies indicate that the L:M cone ratio, combined with L and/or M opsin exon 3 haplotypes at chromosome location Xq28, cause minor splicing defects that could increase myopia susceptibility. Because girls have two X-chromosomes, they are two times as likely to carry a cone opsin polymorphism, potentially making them more likely to develop myopia (31, 32).

This study has two public health implications. First, girls' earlier puberty contributes significantly to their higher prevalence of myopia than boys. This will put them at a higher risk of developing larger-grade myopia at an earlier age and therefore increase their risk of developing secondary ocular pathology (33–35). For these reasons, early interventions for preventing myopia onset might be more important in girls. Because our study did not analyze refraction and axial length data, it remains unclear whether earlier puberty could lead to a higher degree of myopia in girls. Until the evidence becomes clear, it is suggested to use early prevention and intervention methods against myopia irrespective of sex. The second public health implication is that menarche status seems to be an independent risk factor of myopia in girls. Thus, the early phases of puberty may be a sensitive period to control myopia in girls, and preventive strategies such as vision screening and increasing outdoor activity should be targeted to girls during this period.

The results of our study are consistent with findings from India (12) and South Korea (13), but our study uniquely minimizes recall bias because menarche statuses and covariates were gathered in participants' adolescence rather than in their adulthood. Although our findings differ from an analysis from Singapore (8), our study benefited from large, nationwide samples, minimizing selection bias and the risk of false-negative results due to low statistical power. Moreover, our study detected a small association between myopia and spermarche that was not observed in the previous studies.

Our study had several limitations that should be acknowledged. First, although our definition of myopia is not widely used, it is useful in the context of Chinese schools, where nearly 90% of vision impairment is due to uncorrected myopia. The increased statistical power of the large, uniformly-collected dataset justifies our use of unaided visual acuity as a surrogate for myopia (36). The convenience and accuracy of using unaided visual acuity assessment combined with simple subjective refraction has led the Chinese government to advocate its use for myopia screening in school children (37). Also, our validation trial has shown this method achieved high accuracy (refer to Supplementary Material) despite some misclassifications. The misclassifications tended to be non-differential (i.e., not related to sex and puberty) because the VA measurement followed a standard procedure independent of the participant's sex and puberty status. Additionally, the VA procedure had been used for over 30 years in CNSSCH and was implemented by well-trained examiners. If anything, non-differential misclassifications would likely attenuate the effects of puberty status and sex on myopia. Second, our study was not a cohort study, so the causal relationship between outcome and exposure cannot be established with certainty. While prospective studies could help to establish causality, it is unlikely that myopia causes early puberty. Third, CNSSCH questionnaires did not gather longitudinal information before or at puberty onset for each child, so important factors such as hormonal changes in puberty and social development were not considered. Plus, the questionnaires could not precisely measure behavioral factors such as near work, physical activity, and outdoor time, which could lead to residual confounding. For example, daily outdoor time was estimated by weekend outdoor activity frequency and daily physical activity time (given that most school gyms in China are outdoors). Despite this limitation and the lack of hormone biomarkers of sexual development, our findings provide a solid platform that can inform health and educational policies. Also, we did not measure actual refraction and axial length, and thus, our study can only provide implications on the impacts of puberty and sex on the prevalence of myopia, but not on the degree of myopia. The Chinese government is planning to include these measures in the future national monitoring system (37). Further, future iterations of the CNSSCH may be useful for assessing the regional and national impacts of evolving policies. Finally, while puberty and age are closely related and associated with the development of myopia, our matched sample analysis allowed us to precisely separate these two highly correlated factors.

Previous evidence suggests that physical activity might affect the timing of puberty onset in girls (33), potentially confounding menarche–myopia associations. Inaccurate physical activity measurements could also cause residual confounding. Fortunately, the overall confounding effect of the behaviors analyzed in this study was minimal. Additionally, although the timing of puberty onset in girls can also be affected by the age of parental puberty, body weight, high animal protein intake, and family stressors (38), these factors had a weak link with myopia (39) and are unlikely to confound or bias menarche–myopia associations.

In conclusion, puberty status among Chinese adolescents might be an independent risk factor for myopia in girls but not boys, suggesting early and mid-puberty may be a sensitive period for girls' myopia prevention. Earlier puberty in girls explained a significant proportion of the sex disparity in myopia prevalence, but detailing the public health implications of this finding requires further longitudinal studies with more accurate measures of myopia and puberty status.
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Weekend study activity
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Physical activity time per day
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Homework time per day
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>2h

Self-report study pressure
Heavy or very heavy

So-s0 or not heavy

Near screen time per day
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Sleep duration per day
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=8h
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1,801 (31.9)
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1,662 (27.7)
4,079 (72.3)

698 (12.4)
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1,211 (21.8)
2910(51.6)
1,620 (26.9)

1,767 (31.3)
2218(39.3)
1,656 (20.4)

1,996 (35.4)
3,645 (64.6)

2507 (46.0)
1,342 (23.8)
1,702 (30.2)

1,694 (30.0)
1,951 (34.6)
1,996 (35.4)

Boys

Post-

5,641 (100.0)

1,895 (33.6)
3,746 (66.4)

0(0.0)

1,007 (17.9)

4,126 (73.1)
508 (9.0)

51.2(48.6,54.4)

2,884 (51.1)
2,757 (48.9)

2,026 (35.9)
1,801 (31.9)
1,814 (32.2)

1,510 (26.8)
4131(73.2)

709 (12.6)
4,932 (87.4)

1,161 (20.6)
2,870 (50.9)
1,610(28.5)

1,714 (30.4)
2212(39.2)
1,715 (30.4)

2,073(36.7)
3,568 (63.3)

2,504 (44.4)
1,314 (23.3)
1,823 (32.3)

1,807 (32.0)
1,913 (33.9)
1,921 (34.1)

p-value

0.26

0.00
1.00

0.16

0.05

0.14

0.40

0.14

0.05

0.07

Pre-

6,151 (100.0)

2,336 (38.0)
3,815 (62.0)

433(7.0)
4,376(71.1)
1,312(21.3)

30005)
44.5(42.3,46.9)

3,208 (52.2)
2,043 (47.8)

2,112 (34.3)
1,998(32.6)
2,041 (332)

1,610 (26.2)
4541(73.8)

445 (7.2)
5,706 (92.8)

1,083 (17.1)
3,340(54.3)
1,758 (28.6)

2,719(44.2)
2,351(38.2)
1,081 (17.6)

1,045 (17.0)
5,106 (83.0)

3711 (603)
1,400 (22.8)
1,040 (16.9)

786(12.8)
1,656 (26.9)
3,709 (60.3)

Girls

Post-

6,151 (100.0)

2,077 (338)
4,074 (66.2)

433(7.0)
4,376(71.1)
1,312(21.3)
30(0.5)
44.8(42.7,47.1)

3,208 (52.2)
2943 (47.8)

2,112 (34.3)
1,998 (32.5)
2,041 (33.2)

1,832 (29.8)
4319(702)

468 (7.6)
5,683 (02.4)

1,104 (17.9)
3,262 (53.0)
1,785 (29.0)

2,749 (44.7)
2,241 (36.4)
1,161 (189)

1,001 (16.8)
5,150 (83.7)

3,343 (54.3)
1,506 (24.5)
1,302 (21.2)

998(16.2)
1,861 (30.3)
3,202 (53.5)

p-value

<0.001

<0.001
1.00

<0.001

0.44

0.31

0.06

03

<0.001

<0.001

CNSSCH, Chinese National Survey on Students’ Constitute and Health. Near screen time refers to time spent using a computer, cellohone, tablet, playing video games or reading
e-books. All p-values were obtained from chi-square tests except when testing the difference in age in days x 100 (in which a rank sum test was used). ‘i top 3" and *not in top 3"
refers to whether the outdoor (or study) activity s a top 3 choice that the participant usually does on weekends. Because the samples displeyed in this table were selected matched
samples, rather than the original survey sample, it is inappropriate to use this table to compare the characteristics between boys and girs. To compare boys and girs, please refer to

Supplementary Table 3.
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Physical activity time per day

<30 min 2,157
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Homework time per day
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1-2h 4,592
=2h 2,242
Self-reported study pressure

Heavy or very heavy 2,046
So-50 of not heavy 10,256
Near screen time per day
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0.5-1h 2,906
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Sleep duration per day

<7h 1,784
7-8h 3,517
=8h 7,001
Overall (unadjusted model) 12,302
Overall (adjusted model) 12,302

myopia

2,178
5711

514
7,375

1,379
4,140
2,370

3,334
3,009
1,546

1272
6,617

4502
1,873
1,424

1,147
2,360
4,382
7,889
7,889

P for

ratio (95% CI) difference*
109(1.04,1.15)  Ref
1.06(1.03,109) 0267
103(091,1.16)  Ref
107 (1.04,110)  0.499
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107 (102, 1.41) 0,497
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1.08(1.08,1.13) 0538
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107 (104,110 —
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CNSSCH, Chinese National Survey on Students’ Constitute and Health. Near screen time
refers to time spent using a computer, cellphone, tablet, playing video games or reading
e-books. In stratified analyses by behavioral factors, an unadjusted model wes used to
estimate prevalence ratios and their 95% Cl. The unadjusted model only controlled the
cluster effect of school, while the adjusted model further controlled all behavioral factors
in this teble. “in top 3" and ‘not i top 3" refers to whether the outdoor (or study) activity
is a top 3 choice that the participant usually does on weekends.
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Age (years)

Girls

Total

1995

Pre Post

8,179(18.6)  15(33.3)
8679(22.7) 80 (27.5)
7988(287) 676 (40.2)
5924 (34.0) 2,675 (43.7)
2,458(406) 6,096 (52.9)
808(42.3) 7,767 (56.2)
307 (42.8 8277 (616)
177 (54.8) 8,340 (68.2)
144(54.9) 8,386 (72.4)
114(62.3) 8,343 (74.0)
34,778 (27.4) 50,655 (63.3)

Standardized total 34,778 (40.1) 50,655 (52.9)

Boys
1"

Total

8,605 (22.9) 145 (27.6)
8306(285) 434 (29.7)
6712(385) 2,020 (42.1)
4,330 (41.4) 4,419 (48.3)
2238 (45.6) 6,508 (52.7)
901 (61.6)  7.781(61.0)
364(57.1) 8,365 (64.4)
286(63.9 8,369 (64.6)

31,742 (33.4) 38,050 (58.1)

Standardized" total 31,742 (43.6) 38,050 (48.8)

p-Value

0.14
031
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
001
<0.001
<0.001

022
0.62
0.004
<0.001
<0.001
<0.001
0.01
0.70
<0.001
<0.001

2000

Pre Post

8912(17.8) 87(32.2)
8942 (22.7) 1,78 (27.5)
8088(27.3 874(380)
5848(29.4) 3,170 (43.4)
2583 (34.4) 6,377 (46.5)
807 (42.3) 8,071 (53.9)
279(495) 8,641(84.3)
101 (64.4) 8,867 (72.1)
152(66.4) 8,809 (77.9)
115(72.2) 8,885 (78.5)
35,917 (25.6) 53,959 (64.6)
35,917 (42.6) 53,959 (53.4)

8612(20.8 275(14.5)
8358(25.6) 621 (27.7)
6551(32.2) 2,339 (39.5)
3977(375) 5,007 (46.2)
1,648 (42.1) 7,362 (54.1)
615(56.6) 8,379 (62.1)
407 (54.1) 8,487 (68.6)
194(67.0) 8,736 (69.6)

30,362 (29.4) 41,206 (59.5)

30,362 (42.0) 41,206 (47.8)

p-Value

<0.001
0.13
<0.001
<0.001
<0.001
<0.001
<0.001
0.08
0.002
0.10
<0.001
<0.001

0.02
0.26
<0.001
<0.001
<0.001
0.01
<0.001
0.49
<0.001
<0.001

2005

Pre Post

8954 (283) 43 (41.9)
8945(352) 272(412)
8017 (40.4) 1,286 (50.0)
5824 (43.1) 3,311(54.6)
2,360 (46.9) 6,976 (57.5)
688(47.4) 8,586 (63.6)
203(68.5) 9,262 (70.0)
31(516) 9,354 (75.9)
77(636) 9,267 (788)
69(85.5) 9,304 (79.8)
35,168 (37.3) 57,661 (69.9)
35,168 (50.6) 57,661 (61.3)

8103(319) 362(37.3)
7,248(35.4) 859 (40.6)
5412 (428) 2,592 (47.0)
2978(44.6) 5373 (52.0)
1,422(54.1) 7,679 (59.7)
686(68.1) 8,630 (67.1)
533(67.7) 8,805(713)
307 (635) 9,081 (71.1)
26,779 (39.7) 43,351 (63.6)
26,779 (51.0) 43,351 (55.7)

p-Value

005
0.04
<0.001
<0.001
<0.001
<0.001
0.05
0.002
0.001
024
<0.001
<0.001

0.04
0.003
<0.001
<0.001
<0.001
0.61
0.09
0.001
<0.001
<0.001

2010

Pre Post

7,448(38.3) 53 (45.3)

7.849(463) 285 (58.7)
7,005 (52.4) 1,490 (62.8)
4,288(54.7) 4,423 (60.7)
1,613 (66.1) 7,123(68.8)
374(607) 8350 (71.7)
96 (740) 8,690 (74.9)
45(71.1)  8,778(80.3)
17(647) 8849 (82.4)
18(66.7) 8,822(816)

28,703 (47.9) 56,813 (75.2)

28,703 (68.5) 56,813 (68.7)

6,872(45.1) 230 (50.0)
6,369 (49.6) 801 (47.8)
4,935 (55.2) 2,465 (59.0)
2,596 (58.9) 5,105 (63.7)
1,181 (62.1) 6,862 (66.9)
382(743) 8,163 (72.4)
193(73.1) 8,480 (74.7)
183(710) 8518(75.2)
22,711 (52.0) 40,624 (70.0)
22,711 (61.2) 40,624 (63.7)

P-Value

0.30
<0.001
<0.001
<0.001
<0.001
<0.001

0.76

0.08

0.05

0.08
<0.001
<0.001

0.16
0.31
0.002
<0.001
<0.001
0.49
0.61
0.22
<0.001
<0.001

2014

Pre Post

7,487 (39.9)  84(44.0)

7546 (47.7) 536 (54.1)
6211 (54.1) 2,233 (63.5)
3514(562) 5,178 (64.7)
1,139 (62.0) 7,688 (70.3)
266 (63.5) 8,607 (75.1)
48(66.7)  8878(769)
12(683)  8919(79.3)
11(81.8) 8945 80.0)
7714 8518@81.3)
26,241 (49.0) 59,586 (75.4)
26,241 (60.2) 59,586 (68.9)

6,605(19.2) 360 (508)
6,249 (53.5) 1,183 (65.9)
4506 (57.7) 3,199 (62.1)
2316 (61.4) 5,630 (63.4)
839(66.0) 7,393 (70.0)
307 (74.3) 8,302 (72.5)
174(74.1) 8,539 (73.8)
125(71.2) 8254 (74.2)
21,261 (55.0) 42,810 (70.1)
21,261 (63.4) 42,810 (65.3)

P-Value

0.45
0.01
<0.001
<0.001
<0.001
<0.001
0.12
0.06
0.94
0.46
<0.001
<0.001

0.59
0.37
<0.001
0.19
0.02
0.77
0.99
0.40
<0.001
<0.001

“Standardized by age, with this aggregate based on each age having the same weight . p-Values for standardized total were obtained from logistic regression models, which tested statistical significance of the effect of puberty status
(independent variable) on myopia (dependent variable) after adjusting for age. All other p-values came from a Chi-square test.
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Sample No.with Prevalence P for
size  myopia ratio (95% CI) difference*

Weekend outdoor activity

Notintop 3 3072 2021 1.00(095,1.05  Ref
Intop3 8210 5418 102(099,105) 0496
Weekend study activity

Notintop 3 1,407 780 1.06(096,1.16)  Ref
Intop 3 9,875 6,654 1.03(0.93, 1.13) 0379
Physical activity time per day

<80min 2372 1539 1.04(098,1.11)  Ref
30-60min 5780 8818 101(097,1.04) 0221
=60min 3130 2,077 1.01(097,1.06) 0256
Homework time per day

<th 3481 2007 1.02(097,1.08)  Ref
1-2h 4430, 2967 1.01(0.98,1.05 0789
=2h 3371 2,460 1.00(097,1.04) 0560
Self-report study pressure

Heavy or very heavy 4069 2,653 1.02(097,1.07)  Ref
So-50 or not heavy 7213 4781 102(0.98,1.05) 0945
Near screen time per day

0-05h 5101 8493 105(1.01,109)  Ref
05-1h 2656 1745 099(0.94,1.05 0.119
>1h 3525 2,196 099(095,1.04) 0087
Sleep duration per day

<7h 3,501 2,407 1.03(0.99, 1.08) Ref
7-8h 3864 2561 1.01(096,1.05 0652
=8h 3917 2466 1.00(0.96,1.05 0738

Overall (unadjusted model) 11,282 7,434 102(0.99,1.04)  —
Overall (adjusted model) 11282 7,434 101(099,1.04)  —

CNSSCH, Chinese National Survey on Students’ Constitute and Health. Near screen time
refers to time spent using a computer, cellphone, tablet, playing video games or reading
e-books. In stratified analyses by behavioral factors, an unadjusted model was used to
estimate the prevalence ratios and their 95% CI. The unadusted model only controlled
for the cluster effect of school, while the adjusted mode! further controlled all behavioral
factors in this table.  estimated by adding an interaction term to the model. ‘i top 3" and
“not in top 3" refers to whether the outdoor (or study) activity s a top 3 choice that the
participant usually does on weekends.
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Sex (girls vs. boys) PERM

3 PR (95%Cl) 3
Unadjusted model 041 1.118(1.105,1.132) <0001 NA
Basic model 1 0.12 1.122(1.110, 1.135) <0.001 NA
Additionally 010 1.102(1.090,1.114) <0001  16.71%
adjusted models

Puberty

Weekendoutdoor 042 1.122(1.109,1.184) <0001  0.61%
activity

Weekend study 0.11 1.116(1.105, 1.129) <0.001 4.78%
activity

Physical activity 041 1.421(1.109,1.184) <0001  0.94%
time per day

Homework time 041 1.417(1.105,1.129) <0001  4.30%
per day

Self-report study 042 1.422(1.110,1.185) <0001  0.19%
pressure

Near screen time 0.11 1.120(1.108, 1.133) <0.001 1.68%
per day

Sleep durationper 0.1 1.121(1.108,1.139 <0001  1.41%
day

All seven 010 1.409(1.007,1.120) <0001  11.14%
behavioral factors

(Basic model 2)

Basic model 2 + 009  1.090(1079,1.102) <0001  16.75%
puberty

PR, prevalence ratio. PERM, percentage of excess risk mediated. NA, not applicabe. In
the basic model, we adusted for exact age, urban-rural location, regional SES within
province, fixed effect of province, and the cluster effect of school.
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