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Hospital of Xiamen University, School of Medicine, Xiamen University, Xiamen, Fujian, China

Background: Incidence of eye problems increased during the COVID-19

pandemic when home confinement measures were adopted. The aim of this

study was to investigate the changes of incidence of eye problems after the

ending of COVID-19 pandemic.

Methods: Vision screening results were retrospectively extracted from the health

examination results of children from Southwestern China who were aged 3–

6 years in either 2022 or 2023. After interpretation of the vision screening

results using an official standard, percentages of abnormal vision screening

results were calculated and compared between year 2022 and 2023 using

statistical software.

Results: In all, vision screening results were extracted from 26396 children

in 2022 and 31324 children in 2023. The standardized overall incidence

of eye problems was 9.13% in 2022, and 8.78% in 2023. The standardized

incidence of myopia, hyperopia, astigmatism, and anisometropia were 0.84%,

0.55%, 8.64%, and 0.87% in 2022, and 0.60%, 0.61%, 8.06%, 0.45% in

2023, respectively. Logistic regression showed that odds of having eye

problems, myopia, astigmatism, or anisometropia were significantly lower

in 2023.

Conclusion: In the cohort of children aged 3–6 years, the overall incidence

of eye problems and incidence of myopia, astigmatism and anisometropia

was lower in 2023, together with higher incidence of hyperopia in

2023. Incidence of astigmatism was much higher than that of other

types of eye problems. More efforts should be made to lower the

incidence of astigmatism in pre-school children, as well as understand the

underlying mechanism on the impact of COVID-19 on the eye health of

pre-school children.
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1 Introduction 

On 11 March, 2020, the World Health Organization (WHO) 
designated coronavirus disease 2019 (COVID-19) as a pandemic 

(1). During the COVID-19 pandemic, in order to slow down 

the spreading of the disease, home confinement measures have 

been adopted in many countries, which started in 2020. During 

that period, many researchers observed increased incidence of 
eye problems (e.g., myopia, astigmatism, or anisometropia) in 

children compared to pre-pandemic period, possibly due to limited 

outdoor activities and prolonged screen time during the home 

confinements (2–12). As summarized in two relevant systemic 

reviews, myopia progression appeared to be accelerated during 

COVID-19 pandemic, possibly due to reduced outdoor time 

and increased screen time (13, 14). In addition, incidence of 
astigmatism has been found to be significantly increased in children 

during COVID-19 pandemic (10, 11). Besides of the above studies 
which were focusing on school-aged children, two other studies 
investigated the incidence of myopia in pre-school children (15, 
16). Both studies reported relatively stable myopia rate during the 

COVID-19 pandemic compared to pre-pandemic period, which 

indicated relatively smaller impact of home confinement on the 

myopia progression in pre-school children. 
During the COVID-19 pandemic, when spreading of the 

disease was controlled, home confinement measures were 

temporarily suspended, and most social activities were restored 

(e.g., year 2021 in China). Previous studies also investigated the 

myopia rates of children during this period (17, 18). One study 

reported that mean spherical equivalent refraction of school-
aged children returned to pre-pandemic level in 2021 (18). The 

other study showed conflicting results that the impact of home 

confinement on myopia development did not vanish and could still 
be observed in 2021 (17). For pre-school children, study by Li et al. 
(16) reported that their myopia rate slightly increased from 3.3% in 

2020 to 3.5% in 2021. 
On 5 May 2023, WHO announced that COVID-19 was no 

longer a public health emergency of international concern (1), 
putting an end to the 3-years pandemic. All the home confinement 
measures were removed and social activities were fully restored. 
Although increased incidence of eye problems in children was 
observed during the COVID-19 pandemic, few studies compared 

the incidence of myopia or astigmatism in children before and 

after the ending of COVID-19 pandemic, especially in pre-school 
children. It is still unknown whether the impact of COVID-19 on 

the eye health of children has also decreased or vanished after all 
the hurdles for social activities were removed. 

In this study, we aimed to compare the incidence of eye 

problems (hyperopia, myopia, astigmatism, and anisometropia) in 

children aged 3–6 years during and after COVID-19 pandemic 

period. Results of this study should be treated carefully since 

the vision screening of this study was performed using an 

autorefractor system which was known to overestimate myopia and 

underestimate hyperopia (19–21). 

2 Materials and methods 

Vision screening results were retrospectively and anonymously 
collected from the results of yearly obligatory health examination 
for pre-school children provided by Jinniu Maternity and Child 
Health Hospital of Chengdu. The health examination was 
obligatory for the pre-school children, including those with ocular 
disease or previous treatments. During the data extraction, vision 
screening results and demographic information were only collected 
from children who were 3 to 6 years old in either 2022 or 2023. 
Informed consent was waived by the Institutional Review Board 
of Aÿliated Hospital of Chengdu University since this was a 
retrospective and non-interventional study. 

The vision screening as included in the routine health 
examination for pre-school children was performed using a 
commercial vision screener (VS100, Welch Allyn, USA). The 
measurement was non-cycloplegic. One reading per eye was usually 
taken, but in case of uncertain results, multiple measurements 
were performed to ensure the correctness of the results. To 
ensure the quality of measurement results, vision screener was 
regularly maintained and calibrated. The readouts of the vision 
screener were recorded and interpreted following the Standard 
of Eye Health and Vision Examination Services for Children 
Aged 0 ∼ 6 years released by National Health Commission of 
the People’s Republic of China. The vision screening results were 
labeled abnormal if the following criteria were met. For children 
aged 3 ∼ 4 years: astigmatism > 2.00 D; hyperopia > +4.00 D; 
myopia < −3.00 D; anisometropia: dierences in hyperopia or 
myopia > 1.50 D, or dierence in astigmatism > 1.00 D. For 
children aged 5 ∼ 6 years: astigmatism > 1.50 D; hyperopia > +3.50 
D; myopia < −1.50 D; anisometropia: dierences in hyperopia 
or myopia > 1.50 D, or dierence in astigmatism > 1.00 D. 
If abnormal vision screening results were found in left and/or 
right eye, the case was suspected to have eye problems, including 
myopia, hyperopia, astigmatism, and/or anisometropia. Children 
with multiple abnormal vision screening results (e.g., both myopia 
and astigmatism) were counted once in the calculation of the 
overall prevalence of eye problems. Demographic information was 
also collected during the health examination, including gender, date 
of birth, and date of health examination. 

The extracted vision screening results and demographic 
information of pre-school children were firstly analyzed using 
Microsoft Excel (Microsoft Corporation). Incidence of eye 
problems were calculated by dividing the number of cases suspected 
to have eye problems in either 2022 or 2023 by the total number of 
children in the same year who were involved in this study, including 
the specific incidence of myopia, hyperopia, astigmatism, and 
anisometropia. Age on the day of vision screening was calculated 
by subtracting date of birth from the date of health examination, 
and the results were rounded down to the nearest integer (e.g., 
children aged 3 years 0 day to 3 years 11 months 30 days were 
all considered 3 years old). Incidence of eye problems, including 
myopia, hyperopia, astigmatism, and anisometropia, was compared 
between year 2022 and 2023 using Chi-square test. Subgroup 
analysis was also performed after stratification by gender (male and 
female) and age group (3-years old, 4-years old, 5-years old, and 6-
years old). All the statistical analysis was performed using IBM SPSS 
19.0 (IBM), and P < 0.05 was considered statistically significant. 
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TABLE 1 Demographic information. 

Demographics Overall 2022 2023 P 

N 57720 26396 31324 

Gender 

Male 52.0% 51.9% 52.1% 0.615 

Female 48.0% 48.1% 47.9% 

Age 

3 years old 13.4% 12.1% 14.5% <0.001 

4 years old 30.4% 31.5% 29.5% 

5 years old 33.6% 36.8% 30.9% 

6 years old 22.6% 19.6% 25.1% 

Vision screening time 

Spring (March -
May) 

65.8% 52.9% 76.7% <0.001 

Summer (June -
July) 

34.2% 47.1% 23.3% 

3 Results 

As shown in Table 1, in all, vision screening results were 
retrospectively collected from the health examination results of 
57720 children in 2022 (n = 26396) and 2023 (n = 31324) 
(Supplementary Table 1). No significant dierence was found 
in gender between 2022 (percentage of male: 51.9%) and 2023 
(percentage of male: 52.1%, P = 0.615). Significant dierence was 
found in the age distribution between 2022 and 2023 (P < 0.001). 
Higher percentages of age 4 (31.5%) and 5 (36.8%) was observed 
in 2022 compared to 2023 (29.5% and 30.9%, respectively), and 
higher percentages of age 3 (14.5%) and 6 (25.1%) were shown 
in 2023 compared to 2022 (12.1% and 19.6%, respectively). The 
time of vision screening was similar between 2022 and 2023, which 
scattered from March to July in both years. After dividing the vision 
screening time into seasons (spring: March to May; summer: June 
to July), higher proportion of children attended vision screening in 
spring in 2023, compared to 2022 (76.7% versus 23.3%, respectively, 
P < 0.001). Although the socioeconomic status of the children 
was not recorded, the average socioeconomic status of the children 
included in this study should be similar between 2022 and 2023, 
considering that the two cohorts were from the region, attended 

the same group of kindergartens, and were consisted of large 
numbers of children. Length of outdoor activities of the children 
was also not recorded since this was not the main focus of this 
study. However, outdoor activities were expected to be decreased 
during the pandemic (in 2022) when home confinement was often 
conducted. Subgroup analysis by gender, age or vision screening 
time was performed and the results are described below. 

As shown in Figure 1 and Table 2, the overall incidence of eye 
problems was 9.62% in 2022, and 8.60% in 2023 (P < 0.001). After 
standardization by age and vision screening time, the dierence of 
overall incidence of eye problems was smaller between 2022 and 
2023 (9.13% in 2022 versus 8.78% in 2023). After stratification 
by gender, the overall incidence of eye problems was significantly 
lower in 2023 in both male (P = 0.022) and female children 
(P < 0.001). After stratification by age, incidence of eye problems 
were also lower in 2023 in all age groups, although the dierence 
was not significant in children aged 3 or 4 years (3-years old: 
P = 0.151; 4-years old: P = 0.089; 5-years old: P = 0.008; 6-years 
old: P = 0.013; Figure 2A and Table 2). After stratification by vision 
screening time, the overall incidence of eye problems were lower 
in 2023 in both spring and summer, but the dierences were not 
statistically significant (P = 0.063 and 0.099, respectively, Table 3). 
Logistic regression analysis showed that the odds of having eye 
problems was significantly larger when age increases (adjusted odds 
ratio = 1.070, P < 0.001) or when vision screening was performed 
in summer (adjusted odds ratio = 1.230, P < 0.001, Table 4). Odds 
of having eye problems were significantly smaller in 2023 (adjusted 
odds ratio = 0.928, P = 0.012, Table 4). 

The incidence of myopia was 0.82% during the COVID-19 
pandemic (in 2022) which was lower than 1%, and was 0.59% 
after COVID-19 pandemic ended (in 2023) (P = 0.001, Figure 1A 
and Table 2). After standardization, the incidence of myopia was 
0.84% in 2022 and 0.60% in 2023. In both male and female 
children, incidence of myopia was significantly lower in 2023 (male: 
P = 0.003; female: P < 0.001; Figures 1B, C and Table 2). In 6-
years old children, the incidence of myopia was also significantly 
lower in 2023 (0.80%), compared to 2022 (1.29%) (P = 0.006, 
Figure 2B and Table 2). In other age groups, myopia incidence 
were lower in 2023, although the dierences were not statistically 
significant (3-years old: P = 0.178; 4-years old: P = 0.255; 5-years 
old: P = 0.126; Figure 2B and Table 2). Myopia incidence was 
also lower in 2023 in children who received vision screening in 
spring (P < 0.001, Table 3). Logistic regression showed that odds of 

FIGURE 1 

Prevalence of myopia, hyperopia, astigmatism, and anisometropia in the study cohort during and after the COVID-19 pandemic. (A) Overall 
prevalence; (B) prevalence of eye problems in male children; (C) prevalence of eye problems in female children. ∗ P < 0.05, ∗∗ P < 0.01, ∗∗∗ P < 0.001. 
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TABLE 2 Comparison of the prevalence of eye problems between 2022 and 2023, % (95% confidence interval). 

Overall Gender Age 

Year Crude Standardized (age and 
vision screening time) 

Male Female 3 years old 4 years old 5 years old 6 years old 

Eye problems 

2022 9.62 (9.27–9.98) 9.13 (8.78–9.48) 9.27 (8.78–9.75) 10.01 (9.48–10.53) 8.29 (7.34–9.25) 9.21 (8.59–9.83) 10.00 (9.40–10.59) 10.40 (9.57–11.23) 

2023 8.60 (8.29–8.91) 8.78 (8.47–9.10) 8.51 (8.09–8.94) 8.70 (8.25–9.15) 7.41 (6.65–8.17) 8.48 (7.91–9.05) 8.89 (8.32–9.45) 9.09 (8.46–9.73) 

P <0.001 0.022 <0.001 0.151 0.089 0.008 0.013 

Myopia 

2022 0.82 (0.71–0.93) 0.84 (0.73–0.95) 0.91 (0.75–1.07) 0.72 (0.57–0.86) 0.50 (0.26–0.75) 0.58 (0.41–0.74) 0.88 (0.69–1.06) 1.29 (0.99–1.60) 

2023 0.59 (0.51–0.68) 0.60 (0.52–0.69) 0.62 (0.50–0.74) 0.56 (0.44–0.68) 0.31 (0.15–0.47) 0.45 (0.32–0.59) 0.68 (0.52–0.85) 0.80 (0.60–1.00) 

P 0.001 0.003 <0.001 0.178 0.255 0.126 0.006 

Hyperopia 

2022 0.55 (0.46–0.64) 0.55 (0.46–0.63) 0.56 (0.44–0.69) 0.54 (0.42–0.67) 0.69 (0.40–0.98) 0.51 (0.35–0.66) 0.55 (0.40–0.69) 0.56 (0.36–0.76) 

2023 0.63 (0.54–0.71) 0.61 (0.53–0.70) 0.58 (0.47–0.70) 0.67 (0.54–0.80) 0.62 (0.39–0.84) 0.63 (0.47–0.79) 0.59 (0.44–0.74) 0.67 (0.49–0.85) 

P 0.258 0.820 0.168 0.692 0.282 0.688 0.419 

Astigmatism 

2022 8.87 (8.53–9.22) 8.64 (8.30–8.98) 8.36 (7.89–8.82) 9.43 (8.92–9.94) 7.67 (6.75–8.59) 8.64 (8.04–9.25) 9.18 (8.61–9.76) 9.40 (8.60–10.19) 

2023 7.88 (7.58–8.18) 8.06 (7.75–8.36) 7.78 (7.37–8.20) 7.98 (7.55–8.42) 6.68 (5.96–7.41) 7.85 (7.30–8.40) 8.16 (7.62–8.71) 8.25 (7.64–8.86) 

P <0.001 0.070 <0.001 0.096 0.057 0.012 0.023 

Anisometropia 

2022 0.87 (0.76–0.98) 0.87 (0.76–0.98) 0.74 (0.59–0.88) 1.01 (0.83–1.18) 0.85 (0.53–1.16) 0.81 (0.61–1.00) 0.96 (0.76–1.15) 0.81 (0.57–1.05) 

2023 0.44 (0.37–0.52) 0.45 (0.38–0.52) 0.45 (0.35–0.56) 0.43 (0.33–0.54) 0.33 (0.16–0.50) 0.45 (0.32–0.59) 0.37 (0.25–0.49) 0.58 (0.42–0.75) 

P <0.001 0.001 <0.001 0.002 0.003 <0.001 0.124 
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FIGURE 2 

Prevalence of eye problems in children of different age during and after the COVID-19 pandemic. (A) Overall prevalence; (B) prevalence of myopia; 
(C) prevalence of hyperopia; (D) prevalence of astigmatism; (E) prevalence of anisometropia. ∗ P < 0.05, ∗∗ P < 0.01, ∗∗∗ P < 0.001. 

TABLE 3 Comparison of the prevalence of eye problems in children 
who received vision screening in different time period of 2022 and 
2023, % (95% confidence interval). 

Vision screening time 

Year Spring (March 
- May) 

Summer 
(June - July) 

P

Eye problems 

2022 8.75 (8.28–9.22) 10.61 

(10.06–11.15) 
<0.001 

2023 8.20 (7.85–8.55) 9.93 (9.25–10.62) <0.001 

P 0.063 0.099 

Myopia 

2022 0.84 (0.69–0.99) 0.80 (0.64–0.95) 0.712 

2023 0.55 (0.46–0.65) 0.71 (0.52–0.91) 0.121 

P 0.001 0.513 

Hyperopia 

2022 0.52 (0.40–0.63) 0.60 (0.46–0.73) 0.382 

2023 0.63 (0.53–0.73) 0.60 (0.43–0.78) 0.777 

P 0.150 0.948 

Astigmatism 

2022 8.01 (7.56–8.46) 9.84 (9.32–10.36) <0.001 

2023 7.50 (7.17–7.83) 9.12 (8.46–9.79) <0.001 

P 0.072 0.099 

Anisometropia 

2022 0.87 (0.71–1.02) 0.87 (0.71–1.03) 0.981 

2023 0.41 (0.33–0.49) 0.55 (0.38–0.72) 0.126 

P <0.001 0.012 

having myopia were significantly larger in older children (adjusted 
odds ratio = 1.395, P < 0.001) and smaller in 2023 (adjusted odds 
ratio = 0.715, P = 0.001, Table 4). 

Dierent from other eye problems, the incidence of hyperopia 
was slightly higher in 2023 (0.63%) compared to 2022 (P = 0.258; 
Figure 1A and Table 2). The standardized incidence was also 0.55% 
in 2022 and 0.61% in 2023. After stratification by gender, age or 
vision screening time, the hyperopia incidence was also slightly 
higher in 2023 in both male and female children (male: P = 0.820; 
female: P = 0.168; Figures 1B, C and Table 2), in children aged 4, 
5, or 6 years (4-years old: P = 0.282; 5-years old: P = 0.688; 6-years 
old: P = 0.419; Figure 2C and Table 2), and in children who received 
vision screening in spring (P = 0.150, Table 3). In children aged 
3 years, hyperopia incidence was slightly lower in 2023 (P = 0.692; 
Figure 2C and Table 2). 

Among all the eye problems screened, astigmatism showed 
the highest incidence (8.87% in 2022, and 7.88% in 2023), which 
was much higher than the other eye problems (see Figure 1A and 
Table 2). Similar as myopia, prevalence of astigmatism was also 
significantly lower in 2023 (P < 0.001; Figure 1A and Table 2). 
After standardization, the dierence of astigmatism prevalence 
between 2022 and 2023 was smaller (8.64% in 2022 versus 8.06% 
in 2023), which may account for the smaller dierence of overall 
eye problems after standardization as mentioned above. Incidence 
of astigmatism was also lower in 2023 in both male and female 
children (male: P = 0.070; female: P < 0.001; Figures 1B, C and 
Table 2), in dierent age groups (3-years old: P = 0.096; 4-years 
old: P = 0.057; 5-years old: P = 0.012; 6-years old: P = 0.023; 
Figure 2D and Table 2), and in children who received vision 
screening in spring or summer (P = 0.072 & 0.099, respectively, 
Table 3). Logistic regression analysis results indicated that odds 
of having astigmatism was significantly higher in female children 
(adjusted odds ratio = 1.084, P = 0.007), older children (adjusted 
odds ratio = 1.062, P < 0.001), and when vision screening was 
performed in summer (adjusted odds ratio = 1.241, P < 0.001, 
Table 4). Odds of having astigmatism were significantly lower in 
2023 (adjusted odds ratio = 0.924, P = 0.011, Table 4). 

Similar as the incidence of myopia or hyperopia, the incidence 
of anisometropia was lower than 1%. The anisometropia incidence 
was 0.87% in 2022 and 0.44% in 2023 (P < 0.001, Figure 1A and 
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TABLE 4 Logistic regression analysis on the prevalence of 
different eye problems. 

Covariate Adjusted odds ratio 
[N (95% confidence 

interval)] 

P 

Eye problems 

Gender 1.058 (0.999–1.119) 0.054 

Age 1.070 (1.039–1.102) <0.001 

Vision screening time 1.230 (1.158–1.306) <0.001 

Year 0.928 (0.875–0.984) 0.012 

Myopia 

Gender 0.842 (0.690–1.026) 0.088 

Age 1.395 (1.254–1.552) <0.001 

Vision screening time 1.043 (0.846–1.286) 0.691 

Year 0.715 (0.583–0.876) 0.001 

Hyperopia 

Gender 1.073 (0.867–1.327) 0.516 

Age 1.000 (0.896–1.115) 0.995 

Vision screening time 1.052 (0.835–1.326) 0.667 

Year 1.146 (0.918–1.431) 0.229 

Astigmatism 

Gender 1.084 (1.022–1.150) 0.007 

Age 1.062 (1.030–1.095) <0.001 

Vision screening time 1.241 (1.166–1.321) <0.001 

Year 0.924 (0.869–0.982) 0.011 

Anisometropia 

Gender 1.198 (0.976–1.471) 0.084 

Age 1.073 (0.964–1.195) 0.198 

Vision screening time 1.096 (0.883–1.360) 0.405 

Year 0.520 (0.418–0.646) <0.001 

Table 2). After standardization, the anisometropia incidence was 
0.87% in 2022 and 0.45% in 2023. After stratification by gender, 
anisometropia incidence was also significantly lower in 2023 in 
both male and female children (male: P = 0.001; female: P < 0.001; 
Figures 1B, C and Table 2). After stratification by age, all the age 
groups showed significant lower anisometropia incidence in 2023, 
except for 6-years-old children (3-years old: P = 0.002; 4-years 
old: P = 0.003; 5-years old: P < 0.001; 6-years old: P = 0.124; 
Figure 2E and Table 2). After stratification by vision screening time, 
incidence of anisometropia was also significantly lower in 2023 
in children receiving vision screening in spring (P < 0.001) and 
summer (P = 0.012, Table 3). Odds of having anisometropia were 
significantly lower in 2023 (adjusted odds ratio = 0.520, P < 0.001, 
Table 4). 

After dividing the vision screening time into spring (March 
- May) and summer (June - July), the overall incidence of eye 
problems was significantly higher in summer than in spring in 
both 2022 and 2023 (P < 0.001, Table 3). Further analysis showed 
that incidence of astigmatism was significantly higher in summer 
than spring in both 2022 and 2023 (P < 0.001, Table 3), and no 

significant dierence was observed between spring and summer in 
the incidence of myopia, hyperopia, or anisometropia. 

4 Discussion 

During the 3-years COVID-19 pandemic, home confinement 
measures and more generalized lockdowns were adopted in many 
countries to slowdown the spreading of the disease. During the 
COVID-19 pandemic period, myopia progression and increased 
incidence of astigmatism or anisometropia were observed in 
school-aged children, possibly due to the dramatically decreased 
outdoor time and increased screen time (10, 11, 13, 14). In pre-
school children, the myopia incidence remained stable during the 
COVID-19 pandemic, as reported in two previous studies (15, 
16). After the ending of COVID-19 pandemic, there is no home 
confinement and lockdowns, and the social activities have been 
fully restored. However, studies on the incidence of eye problems 
after the ending of COVID-19 pandemic in 2023 are still lacking, 
especially for pre-school children. In this study, by retrospectively 
collecting vision screening results from regular health examination 
of pre-school children in Jinniu District, Chengdu, China, we 
compared the incidence of eye problems of pre-school children 
aged 3–6 years, including myopia, hyperopia, astigmatism, and 
anisometropia, during and after the COVID-19 pandemic. 

In this study cohort, suspected eye problems were observed in 
9.62% of the study cohort during COVID-19 pandemic, and 8.60% 
after the pandemic. Lower overall incidence of eye problems in 2023 
was also observed after standardization by age and vision screening 
time (9.13% versus 8.78% in 2022 and 2023, respectively), and after 
stratification (in both male and female children, in all age groups, 
and in children receiving vision screening in spring or summer). 
Odds of having eye problems were also significantly lower in 
2023. In the four types of eye problems investigated, astigmatism 
showed the highest incidence (8.87% and 7.88% in 2022 and 2023, 
respectively, and 8.64% and 8.06% after standardization), which 
was more than ten times of the incidence of other types of eye 
problems. As reported in two previous studies from China, the 
incidence of astigmatism was 33.9% in school-aged children in 
2018, and increased to 46.5% and 49.1% in 2020 (10, 11). A previous 
systemic review and meta-analysis reported a pooled prevalence 
of 16.5% for astigmatism in Chinese children (22), which is much 
higher than many other countries [e.g., 3% in India (23), 7.7% 
in Saudi Arabia (24), 2.2% in Nepal (25), 1% in Ethiopia (26), 
and 6.7% in Australia (27)]. The reason for the high prevalence 
of astigmatism in Chinese children could be their ethnicity (more 
prone to astigmatism) and high academic stress (22). These results 
indicate that not just in school-aged children, astigmatism is also a 
major threat of eye health in pre-school children. Similar as myopia, 
the incidence of astigmatism increases from pre-school children to 
school-aged children. Currently, most of the studies investigating 
eye problems were focusing on myopia, and few studies focused 
on astigmatism. Based on the above-mentioned results, more 
eorts should be made to understand the underlying mechanism 
of the high incidence of astigmatism in both pre-school and 
school-aged children. In addition, eorts should also be made to 
prevent the occurrence and progression of astigmatism, e.g., earlier 
screening of astigmatism to allow early intervention, education on 
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parents to increase their awareness on the harm of astigmatism, 
and encouragement of outdoor activities both in school (between 
classes) and out of school (after class), in hope of decreasing the 
incidence of astigmatism in Chinese children in the future. 

The incidence of myopia was 0.82% in 2022 and 0.59% in 
2023, which were much lower than the previous reports by Yang 
et al. (10.3%) and by Li et al. (3.3%) (15, 16). These dierences 
in myopia incidence could be partially explained by the dierent 
criteria used to define normal/myopia. In the two previous studies, 
myopia was defined when spherical equivalent < −0.50 D in either 
eye, while our study used a much stricter criteria (< −3.00 D 
or < −1.50 D depending on age as described in the Section “2 
Materials and methods”). In addition, dierent from Li et al.’s study 
which showed limited impact of home confinement on the myopia 
incidence of pre-school children (16), our study results showed 
significantly lower myopia incidence after the ending of COVID-19 
pandemic, from 0.82% in 2022 to 0.59% in 2023, and significantly 
lower odds of having myopia in 2023 (adjusted odds ratio = 0.715). 
A recently-published study by Zontag reported conflicting results 
that the incidence of uncorrected myopia (≤ −0.5 D) in 5-years 
old children dramatically increased from 4.9% in year 2013 to 
12.6% in year 2023 (28). Similar increases were also observed in 
the percentage of children with mild myopia (−1.0 D to −0.5 D), 
moderate myopia (−3.0 D to −1.0 D), or severe myopia (< −3.0 
D). Possible explanation of the conflicting results might be dierent 
genetic background, length of outdoor activities, and screen time 
between the two study cohorts. However, since designs of the two 
studies were both cross-sectional, it is diÿcult to determine the 
exact cause of the conflicting results. 

Along with these results for myopia, we also observed higher 
incidence of hyperopia in 2023 (0.63%) compared to 2022 (0.55%) 
in the study cohort, although the dierence was not statistically 
significant. This result is not surprising since pre-school children 
normally have slight hyperopia [hyperopia reserves (29)] which 
gradually disappears after they grow up. After the risk factors 
for myopia (e.g., home confinement, excessive screen time) were 
removed after the pandemic, vision of the children tended to 
return to slight hyperopia, the normal vision of pre-school children. 
The results of myopia incidence and hyperopia incidence together 
indicate a hyperopia shift in pre-school children after the ending 
of COVID-19, possibly due to the increase of outdoor activities 
and less screen time. The overall hyperopia shift in the pre-
school children could have led to the slight increase of hyperopia 
incidence as we observed. 

As shown in the results of this study, the incidence of 
anisometropia in pre-school children was significantly lower in 
2023 (0.44%) compared to 2022 (0.87%). However, literature search 
revealed that no study has investigated the anisometropia incidence 
in pre-school children during COVID-19 pandemic. Only a study 
investigated the anisometropia incidence in school-aged children, 
and reported a concerning rise in the anisometropia incidence 
during the COVID-19 pandemic, compared to pre-pandemic 
period (12). 

Our results also showed that overall incidence of 
eye problems and the incidence of astigmatism were 
significantly higher in summer than spring in 2022 and 
2023, which was not shown in myopia, hyperopia, and 
anisometropia. These observations might be caused by the 
progression of astigmatism in these pre-school children in 

the spring of both 2022 and 2023. A previous study showed 
myopia progression was faster in spring than summer and 
autumn (37). 

TABLE 5 Criteria used in vision examination in different studies. 

Study Criteria 

Myopia 

Our study 3 ∼ 4 years old: < −3.00 D; 5 ∼ 6 years old: < 

−1.50 D 

Yang et al. (15) 5 ∼ 6 years old: ≤ −0.50 D in either eye after 

cycloplegia 

Li Q et al. (16) 3 ∼ 6 years old: ≤ −0.50 D in both or either eye 

Zontag et al. (28) 5 years old: ≤ −0.50 D in either eye 

Lan et al. (31) 3 ∼ 6 years old: ≤ −0.50 D 

Wang X et al. (32) 2 ∼ 6 years old: ≤ −0.75 D 

Li T et al. (33) 4 ∼ 6 years old: ≤ −1.00 D 

Al-Rowaily (34) 4 ∼ 8 years old: < −0.50 D 

Mehari (35) 0 ∼ 15 years old: ≤ −0.50 D in one or both eyes 

Zhou et al. (36) 7 ∼ 19 years old: ≤ −0.50 D 

Wu et al. (37) 4 ∼ 18 years old: ≤ −0.50 D in one or both eyes 

Hyperopia 

Our study 3 ∼ 4 years old: > +4.00 D; 5 ∼ 6 years old: > 

+3.50 D 

Lan et al. (31) 3 ∼ 6 years old: > +2.00 D 

Wang X et al. (32) 2 ∼ 6 years old: ≥ +1.75 D 

Li T et al. (33) 4 ∼ 6 years old: ≥ +2.00 D 

Al-Rowaily (34) 4 ∼ 8 years old: > +2.00 D 

Mehari (35) 0 ∼ 15 years old: ≥ +2.00 D in one or both eyes 

Zhou et al. (36) 7 ∼ 19 years old: > +0.50 D 

Wu et al. (37) 4 ∼ 18 years old: ≥ +0.50 D 

Astigmatism 

Our study 3 ∼ 4 years old: >2.00 D; 5 ∼ 6 years old: >1.50 D 

Lan et al. (31) 3 ∼ 6 years old: >1.50 D 

Wang X et al. (32) 2 ∼ 6 years old: ≥1.00 D 

Li T et al. (33) 4 ∼ 6 years old: ≥1.00 D 

Mehari (35) 0 ∼ 15 years old: ≥0.50 D 

Zhou et al. (36) 7 ∼ 19 years old: ≥1.00 D 

Wu et al. (37) 4 ∼ 18 years old: ≥0.75 D in either eye 

Anisometropia 

Our study 3 ∼ 4 years old: dierences in hyperopia or 

myopia > 1.50 D, or dierence in 

astigmatism > 1.00 D; 5 ∼ 6 years old: dierences 
in hyperopia or myopia > 1.50 D, or dierence in 

astigmatism > 1.00 D 

Wang X et al. (32) 2 ∼ 6 years old: spherical equivalent dierence 

between the right and left eye ≥ 1.00 D 

Zhou et al. (36) 7 ∼ 19 years old: absolute spherical equivalent 
dierence ≥ 1.00 D between eyes 

Wu et al. (37) 4 ∼ 18 years old: dierence between right eye to 

left eye in refractive error (spherical error) of 
≥1.00 D 
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In summary, in this study cohort of pre-school children aged 
3–6 years, we observed lower overall incidence of eye problems 
2023. Higher incidence of hyperopia and lower incidence of 
myopia, astigmatism and anisometropia were also observed in 
2023. Astigmatism was the most prevalent eye problem in this 
study cohort, and more attention should be paid to lower the 
incidence of astigmatism in pre-school children, which could then 
help lower its incidence in school-aged children and adults. The 
vision screening in this study followed the criteria released by 
National Health Commission of the People’s Republic of China, 
which could be dierent from the criteria used in other studies (see 
some of the examples in Table 5). More research eorts are needed 
to further understand the underlying mechanism of the impacts 
of COVID-19 pandemic and home confinement on the eye health 
of pre-school children, which could hopefully help improve the 
protection of eye health during possible future disease pandemics. 
Future longitudinal studies with longer follow-ups would help 
understand whether the change of the incidence of eye problems 
persists after the ending of COVID-19 pandemic. Future studies 
could also include behavioral factors (e.g., screen time, reading 
time, and exposure to sunlight) and investigate the influence of 
these factors on refractive errors, as well as eye functions (e.g., visual 
acuity, amblyopia, etc.). 
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