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Objective: To analyze and compare the temporal trends in the incidence of 
anisometropia among Chinese school-aged children both before and during 
the COVID-19 pandemic, and to investigate the impact of the pandemic on the 
incidence of anisometropia.

Methods: We conducted a retrospective study comprising six distinct and 
independent longitudinal cohorts, each including children aged 6 to 13  years 
who visited the Joint Shantou International Eye Center between January 2010 
and December 2021. Children were grouped into cohorts based on the year of 
their first eye clinic visit: 2010, 2012, 2014, 2016, 2018, or 2020. Only children 
without anisometropia at initial visits, followed for 18  ±  6  months, were included. 
The cumulative incidence and risk factors of anisometropia were analyzed using 
Kaplan–Meier estimation and Cox proportional hazards regression models. 
Subgroup analyses were performed based on sex, age groups, initial refractive 
error status, and initial interocular SE difference. Anisometropic children were 
further categorized into myopic and non-myopic, with subsequent subgroup 
analyses conducted.

Results: Of 11,235 children were recruited from six cohorts (2010: n  =  1,366; 
2012: n  =  1,708; 2014: n  =  1,896; 2016: n  =  2,354; 2018: n  =  2,514; 2020: 
n  =  1,397), 869 children developed anisometropia during a mean follow-up of 
17.5  ±  3.7  months. After adjustment of confounding factors, we found that the 
risk of anisometropia remained relatively stable before 2020 but significantly 
increased in the 2020 cohort (adjusted HR 2.93, 95% CI 2.23 to 3.86; p  <  0.001). 
This trend persisted in studies of spherical anisometropia (adjusted HR 2.52, 
95% CI 1.60 to 3.97; p  <  0.001) and cylindrical anisometropia (adjusted HR 2.91, 
95% CI 1.69 to 3.62; p  <  0.001). Older age and a greater initial difference in SE 
between the two eyes were also significantly associated with a higher risk of 
developing anisometropia (p  <  0.001). Subgroup analyses consistently showed 
increased risk in the 2020 cohort.

Conclusion: This study reveals a concerning rise in anisometropia incidence 
among Chinese school-aged children during the period of the COVID-19 
pandemic. These findings highlight the worrisome rise in anisometropia risk 
during the COVID-19 pandemic and emphasize the importance of early 
detection and management to safeguard children’s visual health.
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Introduction

Anisometropia, characterized by a significant difference in 
refractive error between the two eyes, is a condition that can have 
profound implications for children’s visual function and overall quality 
of life (1). This ocular condition has been associated with the 
development of amblyopia, strabismus, and binocular vision disorders, 
highlighting the importance of understanding its prevalence and 
associated risk factors (2–4). Despite multiple studies providing 
information on the ocular structure, demographic factors, and 
refractive status of individuals with anisometropia (5–9), the etiology 
and the connection between refractive anisometropia and lifestyle 
among school-aged children remain incompletely understood (10). 
Previous research has suggested a potential association between 
increased near work activities and a higher risk of myopia and 
anisometropia in children (11, 12). However, existing research on 
anisometropia has largely relied on cross-sectional studies, and only a 
limited number of longitudinal studies have explored temporal trends 
in anisometropia occurrence.

The year 2020 was marked by the outbreak of the coronavirus 
disease 2019 (COVID-19) pandemic, which had caused 
unprecedented changes in the lifestyle and behavior of children 
worldwide (13, 14). Due to lockdown measures and school closures, 
many children spent more time indoors and engaged in near work 
activities such as online learning, reading and gaming (15). Recent 
studies have highlighted the potential impact of the COVID-19 
pandemic on various aspects of healthcare (16, 17), including eye care 
(18–20). Disruptions in access to healthcare services, changes in 
lifestyle and screen time patterns, and increased psychological stress 
during the pandemic may have influenced the development of ocular 
conditions, including anisometropia, among children. However, 
limited research has specifically examined the association between the 
COVID-19 pandemic and the incidence of anisometropia in 
pediatric populations.

Exploring the potential association between the COVID-19 
pandemic and anisometropia will offer insights into the impact of 
this global health crisis on pediatric eye health. Therefore, the 
objective of this study was to provide a comprehensive description 
and comparison of the temporal trend in the incidence of 
anisometropia among a large cohort of Chinese school-aged 
children before and during the COVID-19 pandemic. Additionally, 
the study aimed to explore the potential impact of the COVID-19 
pandemic on the occurrence of anisometropia. We hypothesized 
that the 2020 cohort would show a higher risk of anisometropia 
than the previous cohorts due to the pandemic-related changes in 
lifestyle and environment.

Methods

Study participants

This was a retrospective cohort study for children aged 6 to 
13 years who visited Joint Shantou International Eye Center 
(JSIEC) of Shantou University and the Chinese University of 
Hong Kong (Shantou, China) from January 2010 to December 
2021. Only the medical records of children who underwent 
cycloplegic refraction and had no anisometropia at their first visit 

were reviewed. Children were included only if they first visited 
JSIEC in 2010, 2012, 2014, 2016, 2018, 2020 and followed up for 
18 ± 6 months. The study population was therefore classified into 
six period groups based on the year of their initial visit. Each 
cohort represents a distinct group of children with no overlap 
between older and more recent cohorts. Exclusion criteria 
included any missing data of required variables and presence of 
previous intraocular surgeries or intraocular pathology. The 
required data of individuals such as demographic details, 
cycloplegic refraction and progression data were extracted from 
the electronic medical records (EMR) database of JSIEC. Due to 
privacy and ethical considerations, specific health information, 
including COVID-19 status, was not included in the dataset. The 
study was approved by the Human Research Ethics Committee of 
JSIEC (EC20200120(1)-P14). The protocol adhered to the 
provisions of the Declaration of Helsinki for research.

Measurement of visual acuity and 
refraction

Visual acuity, measured with well-lit Snellen tumbling-E 
vision charts (Shantou City Medical Equipment, Ltd., Shantou, 
China), was conducted separately for each eye at a distance of 
5 m. The nontested eye was covered, and the right eye was tested 
first. A single optotype of each size was presented, starting at 
6/30. If a letter was not identified, testing began 2 lines above, 
with the child reading all optotypes on the line sequentially. 
Correct identification of more than half of the letters on a given 
line determined the acuity level. Cycloplegic refraction was 
applied by dropping cyclopentolate 1% (Cyclogel; Alcon 
Laboratories, Fort Worth, TX) and tropicamide 1% (Mydriacyl; 
Alcon Laboratories) into each eye four times, with a 5-min 
interval between each drop. After confirmation of pupillary 
dilation to at least 8 mm, autorefraction (RK-F1 Refractometer/
Keratometer; Canon, Inc., Tochigi, Japan) was performed. 
Following this, an ophthalmologist examined the autorefraction 
outcomes of each eye and adjusted them as needed. Based on 
these modified outcomes, spectacles were prescribed. Follow-up 
visits every 3 or 6 months were recommended for all children.

Definitions

The spherical equivalent (SE), which was calculated as the 
addition of the spherical power and half the magnitude of the 
cylinder power, was used to classify refractive status. Myopia was 
defined as SE ≤ -0.50 D based on the refractive status of the right 
eyes, and emmetropia was defined as −0.50 D < SE < +0.50 D, and 
hyperopia as SE ≥ +0.50 D. The primary outcome of the study was 
the incidence of anisometropia, defined as a difference in SE 
greater than or equal to 1.0 D between the two eyes at any 
follow-up visit. Cylindrical anisometropia was characterized by 
a substantial difference in diopter of the cylindrical power ≥ 1.0 
D between the eyes, and spherical anisometropia by a substantial 
difference in diopter of the spherical power ≥ 1.0 D (21). The 
differences in the angle of the cylindrical refractive error were 
not taken into account in this study.
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Statistical analysis

Descriptive statistics were employed to summarize the 
characteristics of the children. Continuous variables were presented 
as means (standard deviation [SD]) and medians (interquartile range 
[IQR]), while categorical variables were reported as frequency counts 
with percentages. One-way analysis of variance (ANOVA) was used 
to compare the means of continuous variables, and Pearson’s χ2 tests 
were used to compare distributions of categorical variables. The 
Kaplan–Meier estimation method was used to depict cumulative 
incidence curves of anisometropia over time for the entire dataset and 
for children in different time periods. The table of the number at risk 
was generated to show the number of children at risk of developing 
anisometropia at different time intervals during follow-up. The 
log-rank test was used to assess the statistical significance of the 
differences between the groups. Multivariate Cox proportional 
hazards regression models were employed to determine the risk 
factors associated with the development of anisometropia. Hazard 
ratios (HRs) with corresponding 95% confidence intervals were 
calculated to measure the strength of association between each risk 
factor and the development of anisometropia. The models were 
adjusted for age, sex, baseline SE, and initial interocular SE difference. 
The proportional hazard (PH) assumption for the Cox proportional 
hazard model was tested using the Schoenfeld residuals test. Adjusted 
survival curves for the risk of incident anisometropia in different time 
periods were plotted. All statistical analyses were performed using R 
software (version 4.3.0, R Foundation for Statistical Computing, 
Vienna, Austria).1 A two-sided p value of <0.05 was considered 
statistically significant.

1 www.R-project.org

Subgroup analyses

To explore the potential heterogeneity of the effect of time period 
on the risk of developing anisometropia across different subgroups of 
children, stratified analyses were conducted based on sex (female and 
male), age groups (6 to 8 years old, 9 to 11 years old and 12 to 13 years 
old), initial refractive error status (myopia, emmetropia and 
hyperopia), and interocular refractive difference at baseline (<0.25 D, 
0.25–0.5 D and ≥ 0.5 D). Additionally, for a more comprehensive 
insight into anisometropia subtypes, children with anisometropia 
were categorized into myopic anisometropia and non-myopic 
anisometropia, based on the presence or absence of myopia 
(SE ≤ −0.50 D in either eye) when anisometropia occurred, and then 
subgroup analysis was performed in these two groups. Adjusted 
survival curves were plotted for each subgroup to visualize the risk of 
incident anisometropia. Multivariate Cox proportional hazards 
regression models were applied to assess the significance of the 
associations within each subgroup.

Results

Baseline characteristics

A total of 11,235 children who did not have anisometropia (a 
difference in SE less than 1.0 D) at baseline and completed 1–2 years 
of follow-up at JSIEC from 2010 to 2021 were enrolled in the current 
analysis. Among these cases, 5,909 (52.6%) were male, and 5,326 
(47.4%) were female, with a mean age of 9.14 ± 2.18 (range: 6–13) 
years. The average follow-up duration was 17.5 ± 3.7 months (range: 
12 to 24 months). Table 1 showed the baseline characteristics of the 
study population stratified by different time periods. There was no 
statistically significant difference in sex distribution at baseline 

TABLE 1 The baseline characteristics of the participants in different period groups.

Baseline 
characteristic

Overall 2010 2012 2014 2016 2018 2020
Value of 

p*
N 11,235 1,366 1,708 1,896 2,354 2,514 1,397

Sex, No. (%) 0.89

Female 5,326.0 (47.4%) 657.0 (48.1%) 789.0 (46.2%) 911.0 (48.0%) 1,110.0 (47.2%) 1,198.0 (47.7%) 661.0 (47.3%)

Male 5,909.0 (52.6%) 709.0 (51.9%) 919.0 (53.8%) 985.0 (52.0%) 1,244.0 (52.8%) 1,316.0 (52.3%) 736.0 (52.7%)

Age, years <0.001

Mean (SD) 9.14 (2.18) 9.67 (2.15) 9.50 (2.21) 9.32 (2.19) 9.10 (2.15) 8.83 (2.15) 8.59 (2.07)

Median (IQR) 9.00 (7.00, 11.00) 10.00 (8.00, 11.00) 10.00 (8.00, 11.00) 9.00 (7.00, 11.00) 9.00 (7.00, 11.00) 9.00 (7.00, 10.00) 8.00 (7.00, 10.00)

Range 6.00, 13.00 6.00, 13.00 6.00, 13.00 6.00, 13.00 6.00, 13.00 6.00, 13.00 6.00, 13.00

SE, D <0.001

Mean (SD) −0.88 (2.18) −1.12 (2.29) −1.03 (2.03) −1.00 (2.14) −0.91 (2.23) −0.73 (2.16) −0.56 (2.16)

Median (IQR) −1.00 (−2.00, 0.00) −1.25 (−2.50, 0.00) −1.25 (−2.00, −0.25) −1.25 (−2.13, −0.25) −1.13 (−2.13, 0.00) −0.88 (−2.00, 0.25) −0.75 (−1.75, 0.38)

Range −13.00, 9.75 −9.50, 8.88 −9.25, 9.75 −10.38, 9.63 −10.75, 9.00 −13.00, 9.75 −8.75, 9.50

Interocular SE difference (absolute), D <0.001

Mean (SD) 0.28 (0.23) 0.26 (0.22) 0.27 (0.23) 0.27 (0.23) 0.28 (0.23) 0.28 (0.23) 0.31 (0.24)

Median (IQR) 0.25 (0.13, 0.50) 0.25 (0.00, 0.38) 0.25 (0.13, 0.50) 0.25 (0.13, 0.50) 0.25 (0.13, 0.50) 0.25 (0.13, 0.50) 0.25 (0.13, 0.50)

Range 0.00, 0.88 0.00, 0.88 0.00, 0.88 0.00, 0.88 0.00, 0.88 0.00, 0.88 0.00, 0.88

Incidence rate of 

anisometropia, No. (%)
869 (7.73%) 104 (7.61%) 108 (6.32%) 146 (7.70%) 194 (8.24%) 197 (7.84%) 120 (8.59%) 0.21

D, diopters; SD, standard deviation; IQR, interquartile range. *One-way analysis of variance (ANOVA) was used to compare the means of continuous variables, and Pearson’s χ2 tests were used 
to compare distributions of categorical variables.
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between time periods (p = 0.89). However, significant differences were 
observed in the distribution of age, SE and interocular SE difference 
at baseline (all p < 0.001).

Cumulative incidence analysis of 
anisometropia

Among the 11,235 children who did not have anisometropia at 
baseline, 869 (7.73%) developed anisometropia during a mean follow-up 
of 17.5 ± 3.7 months (range: 12 to 24 months). Table  1 presents the 
incidence rate of anisometropia in each cohort without considering the 
impact of follow-up duration. While the 2020 cohort had a higher 
incidence, the difference was not statistically significant (p = 0.21). 
Figure 1A presents the cumulative incidence of anisometropia over time 
for entire dataset, along with a 95% confidence interval (CI). Figure 1B 
displays the cumulative incidence of anisometropia over time for 
children in different time periods. The number at risk table demonstrates 
the number of children at risk of developing anisometropia at given time 
intervals during follow-up. Supplementary Table S1 provides additional 
details on the number of individuals developing anisometropia and 
those who were censored (no longer under observation) at specific time 
points for reasons other than experiencing the event. The log-rank test 
revealed a significant difference in the incidence of anisometropia 
between the 2020 cohort and the previous decades (p < 0.001).

Multivariate cox proportional hazards 
regress ion models

Figure  2A shows the results of multivariate Cox proportional 
hazards regression models for the risk of developing anisometropia. 
Figure 2B shows the adjusted survival curves for the risk of incident 
anisometropia by different time periods. The plot was based on Cox 
proportional hazards regression models, adjusted for age, sex, baseline 
spherical equivalent (SE) and initial interocular SE difference. The 
analysis revealed that the risks of developing anisometropia were 
similar across different time periods before the 2020 cohort (p > 0.05). 
However, the 2020 cohort had a significantly higher risk of developing 
anisometropia compared to the previous decades, with an adjusted 
hazard ratio of 2.93 (95% CI 2.23 to 3.86; p < 0.001), indicating over a 
twofold increased likelihood of anisometropia compared to earlier 
decades. This trend persisted in studies of spherical anisometropia 
(adjusted HR 2.52, 95% CI 1.60 to 3.97; p < 0.001) and cylindrical 
anisometropia (adjusted HR 2.91, 95% CI 1.69 to 3.62; p < 0.001; 
Supplementary Table S2). Older age (adjusted HR 1.07, 95% CI 1.03 
to 1.11; p < 0.001) and a greater initial difference in spherical equivalent 
between the two eyes (adjusted HR 5.76, 95% CI 4.74 to 7.00; p < 0.001) 
were also significantly associated with a higher risk of developing 
anisometropia (Figure  2A). However, there was no significant 
correlation between the incidence of anisometropia and sex or 
baseline SE in the Cox model (p = 0.23).

Subgroup analyses

The outcomes of subgroup analyses stratified by sex, age groups 
(6 to 8 years old, 9 to 11 years old and 12 to 13 years old), initial 

refractive error status (myopia, emmetropia and hyperopia), and 
initial interocular difference in SE (Diff <0.25 D, 0.25–0.5 D and ≥ 0.5 
D), are presented in Figure  3. Across all examined subgroups, a 
consistent and noteworthy pattern emerged: the 2020 cohort exhibited 
a significantly higher risk of developing anisometropia compared to 
the previous cohorts. Statistical analysis underscored the robustness 
of this finding, with all value of ps being lower than 0.001, except for 
the subgroup shown in Figure  3I (p = 0.003). The outcomes of 
subgroup analyses stratified by myopic anisometropia and non-myopic 
anisometropia are presented in Figure 4. Similarly, irrespective of the 
anisometropia subtype, a consistent and elevated risk of developing 
anisometropia was observed in the 2020 cohort when compared to the 
cohorts from previous years (p < 0.05).

Discussion

In this retrospective cohort study, we investigated the temporal 
trends of anisometropia incidence in different cohorts of children 
based on the year of their initial visit, with a particular focus on the 
potential impact of the COVID-19 pandemic. To the best of our 
knowledge, this is the first study to explore the association between 
the COVID-19 pandemic and anisometropia in pediatric populations.

One of the main contributions of this study is the analysis of 
temporal trends in the incidence of anisometropia over a long period. 
Our study included a large sample size of 11,235 children who initially 
did not have anisometropia and were followed up for a duration of 
1–2 years. The cumulative incidence curves were plotted to capture the 
dynamic changes in the incidence anisometropia over time, and the 
Multivariate Cox proportional hazards regression models were used 
to identify potential risk factors associated with its development. 
We found an overall incidence rate of anisometropia of 7.73% in the 
study population, with a mean follow-up duration of 17.5 months. 
This finding is consistent with the result reported in a longitudinal 
study conducted in Singapore, which revealed a 3-year cumulative 
incidence rate of 7.55% among children aged 7 to 9 years (22). 
Previous studies have examined the prevalence of anisometropia in 
school-age children, providing valuable insights into the occurrence 
of this condition. In a large-scale population-based study in Taiwan, 
the prevalence of anisometropia among 8-year-old students was found 
to be 5.3% (12). Another study conducted in an urban area of China, 
reported a prevalence of 25.6% among schoolchildren aged 7 to 
19 years (23). In contrast, a study in Australia found a lower prevalence 
rate of 1.6% among 6-year-old children (24). However, the prevalence 
of anisometropia varied across studies due to the differences in 
ethnicity, age, areas of residence, and study design, making it 
challenging to directly compare trends over time. By categorizing the 
study population into different cohorts according to the year of their 
first visit, we were able to observe the temporal trends of anisometropia 
incidence. The most striking finding of our study was that the risk of 
children developing anisometropia was relatively stable across the 
earlier decades but increased significantly in the 2020 cohort. The 
children in the 2020 cohort had a more than two-fold higher risk of 
developing anisometropia than those in the earlier cohorts, after 
adjusting for age, sex, baseline SE and initial interocular SE difference. 
This finding was consistent across different subgroups of children 
based on sex, age, initial refractive status and interocular refractive 
difference. These results support our hypothesis that the COVID-19 
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FIGURE 1

Cumulative incidence of anisometropia. (A) Overall cumulative incidence of anisometropia, along with a 95% confidence interval (CI); (B) Cumulative 
incidence of anisometropia stratified by time period cohorts. The number at risk table illustrates the count of children at risk of developing 
anisometropia at specific time intervals during follow-up. Supplementary Table S1 provides additional details on the number of individuals developing 
anisometropia and those who were censored at specific time points. Statistical significance between groups was assessed using the log-rank test.
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pandemic may have affected the development of anisometropia 
in children.

The specific mechanisms underlying the association between the 
COVID-19 pandemic and anisometropia remain unclear. However, 

several hypotheses can be proposed to explain the heightened risk of 
anisometropia development in the 2020 cohort. One possible 
explanation is the increased amount and duration of near work 
activities during the pandemic-induced lockdown measures and school 

FIGURE 2

(A) Forest plot of the multivariate Cox analysis for the risk of developing anisometropia; (B) Adjusted survival curves over time for the risk of incident 
anisometropia stratified by time period cohorts. The plot was based on Cox proportional hazards regression models, adjusted for age, sex, baseline 
spherical equivalent (SE), and initial interocular SE difference.
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FIGURE 3

Subgroup survival analysis for the risk of incident anisometropia by different time periods. Adjusted survival curves were plotted for each subgroup to 
visualize the risk of incident anisometropia. Subgroups were stratified as follows: (A,B) Sex Groups—Female and Male; (C–E) Age Groups—6 to 8  years 
old, 9 to 11  years old, and 12 to 13  years old; (F–H) Initial Refractive Error Groups—Myopic children, Emmetropic children, and Hyperopic children; (I–K) 
Initial Interocular SE Difference Groups—Diff <0.25 D, 0.25–0.5 D, and  ≥  0.5 D.

FIGURE 4

The outcomes of subgroup analyses stratified by myopic anisometropia (A) and non-myopic anisometropia (B).
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closures among children, such as online learning, reading, and gaming 
(25). Previous studies have suggested that extensive near work may 
induce transient myopia and increase the axial length of the eye, 
resulting in a mismatch between the refractive power and axial length 
of the two eyes (26–28). Hu et  al. conducted a large-scale cross-
sectional school-based study in Eastern China and found that the 
prevalence and the amount of refractive anisometropia increased with 
more time spent indoors reading or writing (11). Near work activities 
typically involve the convergence and accommodation of the eyes to 
achieve clear and single binocular vision of nearby objects. Mechanical 
pathways associated with convergence and accommodation are 
believed to contribute to the development of asymmetrical myopia 
(10). Previous research has indicated that convergence can exert 
mechanical forces on the eye, potentially causing transient changes in 
axial length, especially in downward gaze (29). Accommodation may 
also influence the development of anisometropia due to ciliary muscle 
contraction (30–32). Except for the mechanical mechanisms, optical 
factors such as astigmatism, higher-order aberrations and choroidal 
response may also affect the quality of retinal image and the visual 
feedback for ocular growth. Studies have provided evidence of 
interocular asymmetry in these factors among individuals with 
anisometropia, potentially contributing to the condition (33–35). In 
summary, near work activities may play a potential role in the 
development of anisometropia through mechanical or optical 
mechanisms. However, the evidence remains inconclusive, and further 
studies are necessary to establish a causal relationship. Our study 
contributes to the growing body of evidence by demonstrating a 
temporal association between the COVID-19 pandemic and an 
increased incidence of anisometropia in children.

Another possible explanation is that the pandemic may have 
reduced the outdoor exposure and physical activity of children (16, 
17), which may have affected their ocular development and 
refractive error. Several studies have reported that outdoor 
exposure and physical activity may have protective effects against 
myopia and anisometropia by stimulating dopamine release, 
reducing choroidal thickness and enhancing retinal image quality. 
The psychological and emotional stress experienced during the 
pandemic could also be  a factor contributing to the increased 
incidence of anisometropia (36). Stress has been linked to visual 
disturbances and changes in accommodative function (37), which 
could potentially affect the development of anisometropia. 
Understanding the relationship between psychological stress, 
visual function, and the risk of anisometropia could provide 
additional insights into this phenomenon.

While the exact mechanisms underlying the observed trends 
remain to be elucidated, evidence from existing literature suggests that 
the relationship between the COVID-19 pandemic and anisometropia 
is often associated with myopic anisometropia (10). However, our 
study adds a significant nuance to this understanding by indicating that 
the association extends beyond myopic anisometropia to encompass 
all types of anisometropia. To explore this further, we  conducted 
subgroup analyses, stratifying participants into myopic anisometropia 
and non-myopic anisometropia subtypes. As illustrated in Figure 4, our 
results reveal a consistent and elevated risk of developing anisometropia 
in the 2020 cohort, regardless of the anisometropia subtype. This 
observation suggests that the impact of the COVID-19 pandemic on 
anisometropia incidence is not confined to myopic anisometropia 
alone but extends to the broader spectrum of anisometropia subtypes. 

These findings highlight the complex interplay of various factors 
during the pandemic, including potential changes in near work 
activities, reduced outdoor exposure, and increased psychological 
stress. While our study does not conclusively identify the specific 
mechanisms responsible for the observed increase in anisometropia 
incidence, it underscores the importance of considering the 
multifaceted influences of the pandemic on ocular health.

The other findings of this study were that older age and a greater 
initial difference in SE between the two eyes were significantly 
associated with a higher risk of anisometropia development. These 
findings are consistent with previous studies that reported similar 
risk factors for anisometropia (23, 38). The biological mechanisms 
underlying these associations are not yet fully understood, but they 
may involve genetic factors, environmental factors or both. It is 
possible that older children have more accumulated exposure to 
environmental factors that affect their ocular growth and refractive 
error, such as near work, outdoor exposure and eye care services. 
Additionally, older children may have a greater genetic 
predisposition to develop anisometropia due to inherited ocular 
biometry or refractive error. Moreover, it is possible that a greater 
initial difference in SE between the two eyes may reflect a 
pre-existing asymmetry in ocular growth or refractive error 
between the two eyes, which may increase the likelihood of 
developing anisometropia over time.

The strengths of this study include its large sample size, long 
follow-up period, standardized measurement methods and 
comprehensive analysis. However, some limitations should also 
be acknowledged. First, this study only included children who visited 
a tertiary eye center in China, which may limit the generalizability of 
the findings to other populations or settings. Second, this study did not 
collect data on some potential confounding or mediating factors that 
may affect the development of anisometropia, such as near work time, 
outdoor exposure time, physical activity level, psychological stress 
level. Therefore, we could not directly assess the causal relationship 
between these factors and the development of anisometropia. Third, 
this study did not measure other aspects of ocular biometry or visual 
function that may be related to anisometropia, limiting the assessment 
of their impact and potential mechanisms involved. Longitudinal 
studies with detailed information on lifestyle changes, screen time 
exposure, access to eye care services, and psychological factors during 
the pandemic would be  valuable in elucidating the underlying 
mechanisms driving the increased incidence of anisometropia. Fourth, 
a limitation of this study is that the definition of refractive 
anisometropia did not consider the differences in the angle of the 
cylindrical refractive error. Future research could benefit from using 
power vector coordinates to examine the effects of refractive 
anisometropia on visual function and quality of life, especially for those 
with high or oblique astigmatism.

In conclusion, this study highlights the increased incidence of 
anisometropia during the COVID-19 pandemic, suggesting that the 
COVID-19 pandemic may have had a negative impact on the 
development of anisometropia among children. This finding has 
important implications for the prevention and management of 
anisometropia and its associated complications in pediatric 
populations, especially during the pandemic. Further research is 
necessary to confirm and elucidate the association between the 
COVID-19 pandemic and anisometropia, as well as to explore the 
underlying mechanisms and potential interventions.

https://doi.org/10.3389/fmed.2024.1322402
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Huang et al. 10.3389/fmed.2024.1322402

Frontiers in Medicine 09 frontiersin.org

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Joint Shantou International Eye Center (JSIEC) of 
Shantou University and the Chinese University of Hong Kong 
(Shantou city, China). The studies were conducted in accordance with 
the local legislation and institutional requirements. The Ethics 
Committee/institutional review board waived the requirement of 
written informed consent for participation from the participants or 
the participants’ legal guardians/next of kin because this study was 
retrospective, informed consent for inclusion was waived.

Author contributions

YH: Conceptualization, Data curation, Formal analysis, 
Methodology, Visualization, Writing – original draft, Writing –  
review & editing. KQ: Supervision, Writing – review & editing. YL: 
Methodology, Writing – review & editing. HW: Writing – review & 
editing. MZ: Funding acquisition, Methodology, Supervision, Writing –  
review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by Guangdong science and technology planning project 

(2011B031800267) and the internal funding (20–006) of JSIEC, 
Shantou, Guangdong, China.

Acknowledgments

We thank the participants of this study, as well as the staff of 
the Joint Shantou International Eye Center of Shantou University 
and the Chinese University of Hong Kong who made the 
survey possible.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1322402/
full#supplementary-material

References
 1. Brooks SE, Johnson D, Fischer N. Anisometropia and binocularity. Ophthalmology. 

(1996) 103:1139–43. doi: 10.1016/s0161-6420(96)30555-1

 2. Barrett BT, Bradley A, Candy TR. The relationship between anisometropia and 
amblyopia. Prog Retin Eye Res. (2013) 36:120–58. doi: 10.1016/j.preteyeres.2013. 
05.001

 3. Multi-ethnic Pediatric Eye Disease Study G. Prevalence of amblyopia and 
strabismus in African American and Hispanic children ages 6 to 72 months the multi-
ethnic pediatric eye disease study. Ophthalmology. (2008) 115:1229–1236.e1. doi: 
10.1016/j.ophtha.2007.08.001

 4. Donahue SP. Relationship between anisometropia, patient age, and the 
development of amblyopia. Am J Ophthalmol. (2006) 142:132–140.e1. doi: 10.1016/j.
ajo.2006.02.040

 5. Yamashita T, Watanabe S, Ohba N. A longitudinal study of cycloplegic refraction 
in a cohort of 350 Japanese schoolchildren. Anisometropia. Ophthalmic & physiological 
optics. J British College of Ophthalmic Opticians (Optometrists). (1999) 19:30–3. doi: 
10.1046/j.1475-1313.1998.00407.x

 6. Afsari S, Rose KA, Gole GA, Philip K, Leone JF, French A, et al. Prevalence of 
anisometropia and its association with refractive error and amblyopia in preschool 
children. Br J Ophthalmol. (2013) 97:1095–9. doi: 10.1136/bjophthalmol-2012-302637

 7. Yekta A, Fotouhi A, Hashemi H, Dehghani C, Ostadimoghaddam H, Heravian J, 
et al. The prevalence of anisometropia, amblyopia and strabismus in schoolchildren of 
shiraz. Iran Strabismus. (2010) 18:104–10. doi: 10.3109/09273972.2010.502957

 8. Weale RA. On the age-related prevalence of anisometropia. Ophthalmic Res. (2002) 
34:389–92. doi: 10.1159/000067040

 9. Borchert M, Tarczy-Hornoch K, Cotter SA, Liu N, Azen SP, Varma R, et al. 
Anisometropia in Hispanic and african american infants and young children the  

multi-ethnic pediatric eye disease study. Ophthalmology. (2010) 117:148–153.e1. doi: 
10.1016/j.ophtha.2009.06.008

 10. Vincent SJ, Collins MJ, Read SA, Carney LG. Myopic anisometropia: ocular 
characteristics and aetiological considerations. Clin Exp Optom. (2014) 97:291–307. doi: 
10.1111/cxo.12171

 11. Hu YY, Wu JF, Lu TL, Wu H, Sun W, Guo DD, et al. Prevalence and associations 
of Anisometropia in children. Invest Ophthalmol Vis Sci. (2016) 57:979–88. doi: 10.1167/
iovs.15-18647

 12. Lee CW, Fang SY, Tsai DC, Huang N, Hsu CC, Chen SY, et al. Prevalence and 
association of refractive anisometropia with near work habits among young 
schoolchildren: the evidence from a population-based study. PloS One. (2017) 
12:e0173519. doi: 10.1371/journal.pone.0173519

 13. Qiao C, Zhang H, He M, Ying G, Chen C, Song Y, et al. Symptomatic COVID-19 in 
eye professionals in Wuhan. China Ophthalmology. (2020) 127:1268–70. doi: 10.1016/j.
ophtha.2020.04.026

 14. Tsang HF, Chan LWC, Cho WCS, Yu ACS, Yim AKY, Chan AKC, et al. An update 
on COVID-19 pandemic: the epidemiology, pathogenesis, prevention and treatment 
strategies. Expert Rev Anti Infect Ther. (2021) 19:877–88. doi: 10.1080/14787210. 
2021.1863146

 15. Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T, Ferguson LJ, 
et al. Impact of the COVID-19 virus outbreak on movement and play behaviours of 
Canadian children and youth: a national survey. Int J Behav Nutr Phys Act. (2020) 17:85. 
doi: 10.1186/s12966-020-00987-8

 16. Pranoto NW, Chaeroni A, Rifki MS, Ilham A, Susanto N. The effects of inactivity 
during the COVID-19 pandemic on the psychomotor skills of kindergarten students. 
Ann App Sport Sci. (2023) 11:1162. doi: 10.52547/aassjournal.1162

https://doi.org/10.3389/fmed.2024.1322402
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1322402/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1322402/full#supplementary-material
https://doi.org/10.1016/s0161-6420(96)30555-1
https://doi.org/10.1016/j.preteyeres.2013.05.001
https://doi.org/10.1016/j.preteyeres.2013.05.001
https://doi.org/10.1016/j.ophtha.2007.08.001
https://doi.org/10.1016/j.ajo.2006.02.040
https://doi.org/10.1016/j.ajo.2006.02.040
https://doi.org/10.1046/j.1475-1313.1998.00407.x
https://doi.org/10.1136/bjophthalmol-2012-302637
https://doi.org/10.3109/09273972.2010.502957
https://doi.org/10.1159/000067040
https://doi.org/10.1016/j.ophtha.2009.06.008
https://doi.org/10.1111/cxo.12171
https://doi.org/10.1167/iovs.15-18647
https://doi.org/10.1167/iovs.15-18647
https://doi.org/10.1371/journal.pone.0173519
https://doi.org/10.1016/j.ophtha.2020.04.026
https://doi.org/10.1016/j.ophtha.2020.04.026
https://doi.org/10.1080/14787210.2021.1863146
https://doi.org/10.1080/14787210.2021.1863146
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.52547/aassjournal.1162


Huang et al. 10.3389/fmed.2024.1322402

Frontiers in Medicine 10 frontiersin.org

 17. Abdul Rahim N, Zainol Abidin MZA, Shalan NAAM, Bin Karim Z, Abdul Aziz 
NU, Avin FA. COVID-19 lockdown: physical activity, sedentary behaviour, and 
academic motivation among undergraduates university students in Malaysia [original 
article]. Ann App Sport Sci. (2023) 11:1047. doi: 10.52547/aassjournal.1047

 18. Wang G, Zhang Y, Zhao J, Zhang J, Jiang F. Mitigate the effects of home 
confinement on children during the COVID-19 outbreak. Lancet. (2020) 395:945–7. doi: 
10.1016/s0140-6736(20)30547-x

 19. Cui L, Zhou H, Lou X, Chen T, Guo Y, Li J, et al. Effects of behaviors and 
surrounding environment on myopia before and during the COVID-19 pandemic: a 
longitudinal analysis of children and adolescents in China. Z Gesundh Wiss. (2023) 
11:1–13. doi: 10.1007/s10389-023-01900-w

 20. Zhang X, Cheung SSL, Chan HN, Zhang Y, Wang YM, Yip BH, et al. Myopia 
incidence and lifestyle changes among school children during the COVID-19 pandemic: 
a population-based prospective study. Br J Ophthalmol. (2021) 106:1772–8. doi: 10.1136/
bjophthalmol-2021-319307

 21. Gong W, Zhu Z, Bulloch G, Wang J, Chen J, Du L, et al. Anisometropia and its 
association with refraction development in highly myopic children. Clin Exp Optom. 
(2023) 107:58–65. doi: 10.1080/08164622.2023.2198635

 22. Tong L, Chan YH, Gazzard G, Tan D, Saw SM. Longitudinal study of anisometropia 
in Singaporean school children. Invest Ophthalmol Vis Sci. (2006) 47:3247–52. doi: 
10.1167/iovs.05-0906

 23. Zhou Y, Zhang XF, Chen XJ, Wang M, Cai JR, Xiong YJ, et al. Prevalence of anisometropia 
and influencing factors among school-age children in Nantong, China: a cross-sectional study. 
Front Public Health. (2023) 11:1190285. doi: 10.3389/fpubh.2023.1190285

 24. Huynh SC, Wang XY, Ip J, Robaei D, Kifley A, Rose KA, et al. Prevalence and 
associations of anisometropia and aniso-astigmatism in a population based sample 
of 6 year old children. Br J Ophthalmol. (2006) 90:597–601. doi: 10.1136/
bjo.2005.083154

 25. Hedderson MM, Bekelman TA, Li M, Knapp EA, Palmore M, Dong Y, et al. 
Environmental influences on child health outcomes P. Trends in screen time use among 
children during the COVID-19 pandemic, July 2019 through august 2021. JAMA Netw 
Open. (2023) 6:e2256157. doi: 10.1001/jamanetworkopen.2022.56157

 26. Foreman J, Salim AT, Praveen A, Fonseka D, Ting DSW, Guang He M, et al. 
Association between digital smart device use and myopia: a systematic review and 
meta-analysis. Lancet Digital Heal. (2021) 3:e806–18. doi: 10.1016/s2589-7500 
(21)00135-7

 27. Saw S, Wu H, Seet B, Wong T, Yap E, Chia K, et al. Academic achievement, close 
up work parameters, and myopia in Singapore military conscripts. Br J Ophthalmol. 
(2001) 85:855–60. doi: 10.1136/bjo.85.7.855

 28. Ip JM, Saw SM, Rose KA, Morgan IG, Kifley A, Wang JJ, et al. Role of near work 
in myopia: findings in a sample of Australian school children. Invest Ophthalmol Vis Sci. 
(2008) 49:2903–10. doi: 10.1167/iovs.07-0804

 29. Ghosh A, Collins MJ, Read SA, Davis BA, Chatterjee P. Axial elongation associated 
with biomechanical factors during near work. Optom Vis Sci. (2014) 91:322–9. doi: 
10.1097/OPX.0000000000000166

 30. Drexler W, Findl O, Schmetterer L, Hitzenberger C, Fercher A. Eye elongation 
during accommodation in humans: differences between emmetropes and myopes. Invest 
Ophthalmol Vis Sci. (1998) 39:2140–7.

 31. Muftuoglu O, Hosal BM, Zilelioglu G. Ciliary body thickness in  
unilateral high axial myopia. Eye (Lond). (2009) 23:1176–81. doi: 10.1038/eye. 
2008.178

 32. Jeon S, Lee WK, Lee K, Moon NJ. Diminished ciliary muscle movement on 
accommodation in myopia. Exp Eye Res. (2012) 105:9–14. doi: 10.1016/j.exer.2012.08.014

 33. Vincent SJ, Collins MJ, Read SA, Carney LG. Retinal and choroidal thickness in 
myopic anisometropia. Invest Ophthalmol Vis Sci. (2013) 54:2445–56. doi: 10.1167/
iovs.12-11434

 34. Lin Z, Vasudevan B, Liang YB, Zhang YC, Zhao SQ, Yang XD, et al. Nearwork-
induced transient myopia (NITM) in anisometropia. Ophthalmic Physiol Opt. (2013) 
33:311–7. doi: 10.1111/opo.12049

 35. Angi M, Clementi M, Sardei C, Piattelli E, Bisantis C. Heritability of myopic 
refractive errors in identical and fraternal twins. Graefes Arch Clin Exp Ophthalmol. 
(1993) 231:580–5. doi: 10.1007/bf00936522

 36. Kola L, Kohrt BA, Hanlon C, Naslund JA, Sikander S, Balaji M, et al. COVID-19 
mental health impact and responses in low-income and middle-income countries: 
reimagining global mental health. Lancet Psychiatry. (2021) 8:535–50. doi: 10.1016/
S2215-0366(21)00025-0

 37. Zheng F, Hou F, Chen R, Mei J, Huang P, Chen B, et al. Investigation of the 
relationship between subjective symptoms of visual fatigue and visual functions. Front 
Neurosci. (2021) 15:686740. doi: 10.3389/fnins.2021.686740

 38. Deng L, Gwiazda JE. Anisometropia in children from infancy to 15 years. Invest 
Ophthalmol Vis Sci. (2012) 53:3782–7. doi: 10.1167/iovs.11-8727

https://doi.org/10.3389/fmed.2024.1322402
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.52547/aassjournal.1047
https://doi.org/10.1016/s0140-6736(20)30547-x
https://doi.org/10.1007/s10389-023-01900-w
https://doi.org/10.1136/bjophthalmol-2021-319307
https://doi.org/10.1136/bjophthalmol-2021-319307
https://doi.org/10.1080/08164622.2023.2198635
https://doi.org/10.1167/iovs.05-0906
https://doi.org/10.3389/fpubh.2023.1190285
https://doi.org/10.1136/bjo.2005.083154
https://doi.org/10.1136/bjo.2005.083154
https://doi.org/10.1001/jamanetworkopen.2022.56157
https://doi.org/10.1016/s2589-7500(21)00135-7
https://doi.org/10.1016/s2589-7500(21)00135-7
https://doi.org/10.1136/bjo.85.7.855
https://doi.org/10.1167/iovs.07-0804
https://doi.org/10.1097/OPX.0000000000000166
https://doi.org/10.1038/eye.2008.178
https://doi.org/10.1038/eye.2008.178
https://doi.org/10.1016/j.exer.2012.08.014
https://doi.org/10.1167/iovs.12-11434
https://doi.org/10.1167/iovs.12-11434
https://doi.org/10.1111/opo.12049
https://doi.org/10.1007/bf00936522
https://doi.org/10.1016/S2215-0366(21)00025-0
https://doi.org/10.1016/S2215-0366(21)00025-0
https://doi.org/10.3389/fnins.2021.686740
https://doi.org/10.1167/iovs.11-8727

	Temporal trend of anisometropia incidence in Chinese school-aged children before and during the COVID-19 pandemic
	Introduction
	Methods
	Study participants
	Measurement of visual acuity and refraction
	Definitions
	Statistical analysis
	Subgroup analyses

	Results
	Baseline characteristics
	Cumulative incidence analysis of anisometropia
	Multivariate cox proportional hazards regress ion models
	Subgroup analyses

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

