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Rep
orts
COVID-19 Quarantine Reveals
That Behavioral Changes Have

an Effect on Myopia
Progression
Myopia is the most common cause of visual impairment world-
wide,1 and younger age at onset may progress to high myopia.2 As
a result of coronavirus disease 2019 (COVID-19) causing an
unprecedented global pandemic, most nations have imposed
various strict containment measures on citizens, including limited
outdoor activities and school closures, to prevent spread of the
virus that causes COVID-19. These COVID-19 quarantines have
led to billions of students simultaneously experiencing life-altering
challenges, which may influence the incidence or worsening of
myopia, or both, among schoolchildren.3 Establishing a COVID-19
intervention model in a clinical study is highly valuable for
uncovering the crucial risk factors of myopia development.

Herein, we conducted a large-scale intervention study of
myopia development with 12-month follow-up among school-
children in 1305 elementary and high schools in 11 districts of
Wenzhou City, Zhejiang Province, China. The goal of the current
study was to assess the impact of COVID-19 quarantine on myopia
progression and incidence. All schoolchildren were invited to
complete a self-administered questionnaire regarding demographic
information. Certified technicians were trained to determine visual
acuity (VA) and autorefraction testing by using the GoldEye RM-
9000 (Shenzhen Aist Industrial Co., Ltd). Myopia was identified as
an uncorrected visual acuity of less than 20/25 and a spherical
equivalent refraction (SER) of e0.5 diopter (D) or less.4 High
myopia was defined as an SER of e6.0 D or less. Because
analysis for right and left eyes yielded a satisfactory correlation
(Pearson correlation coefficient, 0.954), SER data from the right
eye were used arbitrarily for assessing myopia development. The
present study was approved by the ethics committee of the
Wenzhou Medical University Affiliated Eye Hospital. Participant
completion of the questionnaire was considered informed
consent. All research adhered to the tenets of the Declaration of
Helsinki. We performed examination at 3 time points: June
2019, December 2019, and June 2020, which provide large-scale
and valuable intervention data for 6 months before and after the
COVID-19 pandemic. The detailed methods are available at:
https://github.com/mayunlong89/MIES_project.

A total of 1 060 925 students 7 to 18 years of age were recruited
at baseline (June 2019; Fig S1, available at www.aaojournal.org).
After stringent sample filtering, 1 001 749 students (550 756 male
students and 450 993 female students) were included in the
current study (Fig S1). Two follow-up examinations were con-
ducted, in December 2019 involving 813 755 students (81.2%) and
in June 2020 involving 768 492 students (76.7%). During August
2020, we resurveyed 12 013 students who were selected randomly
from all grades to collect students’ outdoor activity time and online
course time during the normal period and the COVID-19 quaran-
tine and other 15 basic characteristics.
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Overall myopia prevalence increased from 52.89% (95% con-
fidence interval [CI], 52.79%e52.99%) in June 2019 to 53.9%
(95% CI, 53.79%e54.01%) in December 2019 and 59.35% (95%
CI, 59.24%e59.46%) in June 2020, which was consistent with the
results of a recent study.5 The high myopia prevalence increased
from 4.11% (95% CI, 4.07%e4.15%) in June 2019 to 4.24%
(95% CI, 4.2%e4.29%) in December 2019 and 4.99% (95% CI,
4.94%e5.04%) in June 2020 (Table S1, available at
www.aaojournal.org). Notably, the prevalence of myopia
increased in a stepwise manner by grade, without being affected
by the students’ birth months (Fig 1A). A mean increase in
myopia prevalence of 8.54% during grades 1 through 6 was
observed, compared with 4.32% in grades 7 through 12. The
prevalence of high myopia increased from a mean of 4.46%
(95% CI, 4.32%e4.6%) during grade 7 to a mean of 13.25%
(95% CI, 12.95%e13.55%) during grade 12. The overall 1-year
incidence rate of myopia was 22.66% (95% CI,
22.52%e22.80%) and that of high myopia was 1.8% (95% CI,
1.77%e1.83%). Multivariate Cox regression analyses also showed
that grade was statistically significantly associated with myopia
(hazard ratio [HR], 1.1; 95% CI, 1.08e1.13; P < 0.001) and high
myopia (HR, 1.4; 95% CI, 1.35e1.46; P < 0.001), whereas age
and birth month showed nonsignificant associations with myopia
and high myopia (Fig S2AeD, available at www.aaojournal.org).
To reduce the influence of a large sample size, we performed a
permutation analysis of downsampling 1000 times by randomly
selecting 10% students from total samples with retaining the
proportion of students in each grade. We found the significant
associations of grade with myopia and high myopia to be very
stable, whereas age and birth month remained nonsignificant (Fig
S2CeH). Together, our results reveal that increasing grade of
education burden has important effects on myopia development
rather than age, which could be categorized into 2 grade stages:
grade stage I (grades 1e6), representing a myopia sensitive
stage, and grade stage II (grades 7e12), representing a high
myopia sensitive stage.

We performed comparison analyses to assess the influence of
COVID-19 on myopia progression of 6 months between the period
before and after the COVID-19 quarantine. The students in each
grade were divided into 2 independent groups according to their
birth months to keep the matched age distribution between samples
from before and after the COVID-19 quarantine (Fig S2I). We
found that 6-month myopia progression among all schoolchildren
increased by approximate 1.5 times from e0.23 D before the
COVID-19 quarantine to e0.343 D after the COVID-19 quarantine
(P < 0.001), and myopia progression speed of students from grade
stage I was faster than that of students from grade stage II after the
COVID-19 quarantine (Fig 1B). Furthermore, we found that the
half-year incidence rate of myopia increased from 8.5% before
the COVID-19 quarantine to 13.62% after the COVID-19 quar-
antine (P < 0.001). Stratified by educational level, educational
system, and region of habitation, students showed a remarkably
higher risk of myopia developing after the COVID-19 quarantine
than before the COVD-19 quarantine (P <0.001). During the
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Figure 1. Graphs showing the prevalence of myopia and high myopia and the influence of coronavirus disease 2019 (COVID-19) quarantine on myopia
progression. A, Prevalence of myopia and high myopia divided by schoolchildren birth month among all grades at baseline. Each grade was divided into 12
bars according to birth month, ranging from September through August of the next year according to Chinese enrollment policy. B, Differences of grade-
specific half-year myopia progression between the period before and after the COVID-19 quarantine. C, Differences in schoolchildren’s online time between
the period before and after the COVID-19 quarantine categorized by grade stages I and II. D, Differences in schoolchildren’s outdoor activity time between
the period before and after the COVID-19 quarantine categorized by grade stages I and II. To reduce the effects of age increasing during the COVID-19
quarantine, we divided the students of each grade into 2 independent sets (before COVID-19 quarantine vs. after COVID-19 quarantine) according to
student birth months: the set before the COVID-19 quarantine includes students from September 1 through February 28 of the next year, and the set after
the COVID-19 quarantine includes students from March 1 through August 31 (see Fig S2I). D ¼ diopter.

Reports
COVID-19 quarantine, 2 widely reported behavioral changes of
students’ online time (>2 hours; i.e., increased 3.14 times in grade
stage I and 2.07 times in grade stage II) and outdoor activity times
(>1 hour; i.e., decreased 1.14 times in grade stage I and 1.71 times
in grade stage II; Fig 1C, D) have been observed. Furthermore, by
using multivariate regression analyses, we found that students’
online time was significantly positively associated with increased
myopia incidence (HR, 1.14; 95% CI, 1.07e1.22; P ¼ 3.39 �
10e5) and progression (spherical equivalent [SE]; b ¼ 0.0188;
P ¼ 0.022), whereas outdoor activity time was significantly
negatively associated with increased myopia incidence (HR,
0.91; 95% CI, 0.85e0.97; P ¼ 0.021) and progression (SE; b ¼
e0.0189; P ¼ 0.039). These results partially may explain why
half-year myopia progression substantially increased during the
COVID-19 lockdown, which is consistent with previous re-
ports.3,5,6 Together, our findings consistently suggest that the
COVID-19 quarantine was a risk factor for the progression and
incidence of myopia.

The limitations of this study should be noted. The study par-
ticipants were schoolchildren and did not include adults at
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universities and middle-aged or quinquagenarian individuals;
hence, our findings are limited to a younger population. We also
did not collect information on parental myopia among more than 1
million students, which is an important risk factor for myopia in
schoolchildren. It should be noted that noncycloplegic SER results
were used for defining myopia. Although this parameter is less
accurate than cycloplegic refraction, it is useful and effective for
screening and monitoring myopia in a large-scale population. It is
important to remember that the identified associations of risk fac-
tors with myopia development do not equal causation. Further
related studies need to be performed to determine causation.
Furthermore, students’ online time and outdoor activity time
changes during the COVID-19 quarantine were based on self-
report; thus, these measurements may be affected by recall bias.
In view of the ongoing COVID-19 spread worldwide, more studies
are warranted to explore the influence of COVID-19 on myopia
progression in schoolchildren based on more different ethnicities.

The present study provides valuable intervention data to assess
the impact of COVID-19 quarantine-related lifestyle changes on
myopia development among schoolchildren. We found an inter-
esting COVID-19einduced influence of myopia developing
among children and adolescents, indicating that different inter-
vention strategies should be applied to control myopia among
elementary and high school students.
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