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Purpose: To review the association between children’s behavioral changes during the
restriction due to the pandemic of Coronavirus disease (COVID-19) and the development
and progression of myopia.

Design: A literature review.

Method: We looked for relevant studies related to 1) children’s behavioral
changes from COVID-19 restriction and 2) children’s myopia progression
during COVID-19 restriction by using the following keywords. They were
“Behavior,” “Activity,” “COVID-19,” “Lockdown,” “Restriction,” and “Children” for
the former; “Myopia,” “COVID-19,” “Lockdown,” “Restriction” for the latter. Titles,
abstracts and full texts from the retrieved studies were screened and all relevant data
were summarized, analyzed, and discussed.

Results: Children were less active and more sedentary during COVID-19 restriction.
According to five studies from China and six studies, each from Hong Kong, Spain, Israel,
South Korea, Turkey and Taiwan included in our review, all countries without myopia
preventive intervention supported the association between the lockdown and myopia
progression by means of negative SER change ranging from 0.05-0.6 D, more negative
SER change (compared post- to pre-lockdown) ranging from 0.71-0.98 D and more
negative rate of SER changes (compared post- to pre-lockdown) ranging from 0.05-0.1
D/month. The reported factor that accelerated myopia is an increase in total near work,
while increased outdoor activity is a protective factor against myopia progression.

Conclusion: The pandemic of COVID-19 provided an unwanted opportunity to assess
the effect of the behavioral changes and myopia in the real world. There is sufficient
evidence to support the association between an increase in near work from home
confinement or a reduction of outdoor activities and worsening of myopia during the
COVID-19 lockdown. The findings from this review of data from the real world may
help better understanding of myopia development and progression, which may lead to
adjustment of behaviors to prevent myopia and its progression in the future.
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INTRODUCTION

Myopia or nearsightedness is a refractive error of spherical
equivalent refraction (SER) < —0.5 D (diopter), commonly
developed in young children to early adolescence (1). It
is a significant public and economic visual health problem
worldwide. Deterioration of myopia can lead to many ocular
complications and irreversible blindness (2, 3) The prevalence
of myopia and high myopia (SER < —5.00 D) (1) tend to
increase year by year. By 2050, 4,758 million people (49.8%
of the world population) and 938 million people (9.8% of the
world population) are expected to have myopia and high myopia
respectively (1).

Considering the factors influencing myopia development,
three tiers of factors have been proposed by Seet B et al. (4)
First, proximal or genetic factors, this hypothesis is supported
by the evidence of higher number of myopic children in myopic
parents than non-myopic parents (5, 6) and lower variations of
SER and axial length (AL) in monozygotic twin than dizygotic
twin.(7, 8) Second, intermediate or behavioral and environmental
factors, there are evidences supporting that outdoor activity
was an effective protective factor to control myopia prevalence,
incidence, and also the prevention of myopia progression by
slowing down the change of SER and minimizing AL elongation
(9-11). On the other hand, the duration of near work was
found to be significant higher in prevalent and incident myopes,
compared to those with emmetropes of the same age (12, 13).
Time spent on reading and other near work in childhood was
also related to myopic progression in adulthood (14) although
some studies did not find an evidence to support that near
work was in correlation with myopia (15, 16). Third, distal
or societal factors, there was evidence showed that students
who ranked in the top quartile on educational performance in
high myopia prevalence countries (Shanghai-China, Hong Kong-
China, Taiwan, Singapore, Japan and South Korea) had higher
engagement in after-school tutorial classes or cram schools
than those with similar educational performance in low myopia
prevalence countries (Australia, Canada, Finland). This trend of
competitive and stressful education with cram schools in the
East Asian countries might contribute to the higher prevalence
of myopia (3, 17). Moreover, proportion of myopia tends to rise
from outer suburban to inner urban areas and confine spaced
residences, such as apartments, were also significantly associated
with myopia (18).

The pandemic of coronavirus disease (COVID-19) due to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
which originated in December 2019 in Wuhan, China, has caused
a huge impact on health care of the entire world population. To
mitigate the widespread of the disease, governments worldwide
implemented the lockdown policy, including home confinement
and temporary closure of public recreational and academic spaces
(19). Children were forced to adapt to this circumstance by
working and studying via online platforms instead of going to
regular schools and doing any outdoor activities.

It is therefore plausible that these forced behavioral changes to
the children due to the pandemic may have an impact on their
refractive states, such as worsening of existing myopia or causing

more new cases of myopia, during the lockdown period. This
period provides an unwanted but relevant opportunity to find
evidence of changes of myopia due to behavioral changes in the
real world. The objective of this study is to review the evidence
of the changes of myopia in children during the lockdown period
due to the pandemic of COVID-19 in the literature.

METHOD

We used electronic databases of PubMed, Medline and Google
Scholar with the search terms or its combination of the following:
“Behavior,” “Activity,” “COVID-19,” “Lockdown,” “Restriction,”
“Children” to find 1) the evidences of children’s behavioral
changes, and the search terms or its combination of the following:
“Myopia,” “COVID-19, “Lockdown,” “Restriction” for 2) the
evidences of changes of children’s myopia condition during the
COVID-19 lockdown. Associated references of these searched
studies were included. Exclusion criteria for both topics were
studies with irrelevant title or abstract and studies without their
own original data.

For 1) the evidences of children’s behavioral changes, we
reviewed the abstracts of 1,924 studies. One thousand nine
hundred and ten studies were excluded. The full articles of
the remaining 14 studies were read. Studies were included if
there were available full text in English and if they focused
about general physical activities changes during the COVID-
19 lockdown in general children or adolescents (not a specific
group, for example medical students). Finally, nine studies were
included in our review.

For 2) the evidences of changes of children’s myopia condition
during the COVID-19 lockdown, we reviewed the abstracts of
139 studies. We excluded the studies which measured myopia
in subjective manner such as difficulty in seeing distant objects
or eye strain. One hundred and twenty-three studies were
excluded. The full article of the remaining 16 studies were
read. Studies were included if there were available full text in
English and if they reported an objective measurement of myopia
prevalence and/or myopia incidence and/or myopia progression
in general children or adolescents (not a specific group, for
example medical students). Finally, eleven studies were included
for review.

RESULTS

Children’s behavioral changes during the COVID-19 lockdown
(Figure 1).

We reviewed nine studies from ten countries (Canada, USA,
Spain, Brazil, Slovenia, the Netherlands, the United Kingdom
[UK], India, China and Israel). All cross-sectional and
longitudinal questionnaire-based studies consistently reported
similar results: there is a reduction in time spent outdoor, such
as for sports and physical activities, and an increase in sedentary
time and digital screen time including social media uses during
the COVID-19 lockdown (Outdoor time: decrease in outdoor
time ranging from 5.4-7.25 h/week (20-22) or 5-point Likert
type scale of 2.12/5 (1 = a lot less, 5 = a lot more) (23) or
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FIGURE 1 | Search and selection strategies of children’s behavioral changes during the COVID-19 lockdown.
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FIGURE 2 | Search and selection strategies of the changes in myopia during the COVID-19 lockdown.

19-47.5% of parents reported less physical activities of their
children (24), Sedentary behavior: 28-47% of parents reported
more sedentary behavior of their children (24), Screen time:
increase in screen time ranging from 13.6-28.8 h/week (20, 22)
or 5-point Likert type scale of 4.15/5 (1 = a lot less, 5 = a lot
more)(23)). Two studies conducted in UK, Spain and Brazil
also reported a significant decline in the number of children
whose physical activities meet the World Health Organization
(WHO) 24-h movement guidelines during the COVID-19
lockdown, compared to the period before the COVID-19
pandemic (decrease from 69.4% to 28.7% (25), from 3% to 0.3%

and 11.7% to 7.5% in Spanish and Brazilian respectively (26)).
In addition, researchers from Israel and the Netherlands also
reported a reduction in physical and outdoor activities using
an objective measuring method of accelerometry in pre and
during COVID-19 lockdown (decrease physical activities from
1236 CPM to 1003 CPM, p < 0.019 (27), from 595 CPM to 429
CPM, p = 0.001(28) and decrease outdoor time from 1.8 h/day
to 0.7 h/day, p = 0.01 (28)). These results were comparable
with those results based on subjective questionnaire-based
method described previously.The changes in myopia during the
COVID-19 lockdown (Figure 2).

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 918182


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Limwattanayingyong et al.

Association of COVID-19 and Myopia

TABLE 1| The selected studies without myopia preventive interventions, their characteristics and measurement outcomes.

Measurement outcomes

Setting Myopic Study [country, Study design Prevalence (%) Incidence (%) SER (Diopter) AL elongation (mm)
status participant (N)] (Age, Pre vs. (Age, Pre vs.
assessment Post Postlockdown)
lockdown)
School-  Non- Wang J et al. (29) Longitudinal cohort 6,5.7vs. 21.5 NA 6, —0.32 NA
based cycloplegic (China, 123,535) 7,16.2vs. 26.2 7,-0.28
setting photorefraction 8,27.7 vs. 37.2 8, —0.29
9-13, minimal 9, -0.12
change 10, —0.11
11, —0.06
12, —-0.05
13, —0.05*
Non— Chang P et al. (30) Longitudinal cohort NA, NA —0.0380, —0.074, NA
cycloplegic (China, 44,187) 53.2vs. 73.7 0.016 0
autorefraction
Cycloplegic Hu Y et al. (31) Cross—sectional Grade3, Grade3, 7.5 Grade3, —0.36* Grade3, 0.08% (p < 0.01)
autorefraction (China, 2,114) cohorts 13.83vs. 20.8 vs.15.3 (o < 0.01)
Zhang X et al. (32) Cross—sectional NA Cannot 6, —0.54 6,0.37,0.318,0.26 6-8,
(Hong Kong, cohorts compare 7 7,-0.58 0.29% (p < 0.001)
1,793) 8, —0.44
6-8, —0.5*
(o < 0.001)
Clinical-  Non— Peregrina C et al. Longitudinal cohort NA NA 5, -0.21 NA
based cycloplegic (33) (Spain, 1,600) (o = 0.005)
setting autorefraction 6, —0.05
(o =0.078)
7,-0.26
(o = 0.008)
5-7,-0.18*
(o < 0.001)
Cycloplegic Ma D et al. (34) Cross—sectional NA NA 8-10, —0.60D** 8-10, 0.01f (p = 0.37)
autorefraction (China, 291) cohorts (o < 0.001)
Ma M et al. (35) Cross—sectional NA NA 7-12, NA
(China, 201) cohorts —0.39 vs. —0.984
(o < 0.001)
Erdinest N et al. Longitudinal cohort NA NA 9-15, 9-15, 0.29 vs. 0.471t
(36) (Israel, 14) —0.33 vs.—0.7499
(p < 0.001)
Yum H et al. (37) Longitudinal cohort NA NA 5-7, —0.066 vs. 5-7,0.036 vs. 0.05
(South Korea, 103) —0.103 (o = 0.022) 8-10, 0.024
(o = 0.028) vs. 0.08 (p = 0.005) 11-15,
8-10, —0.044 vs. 0.017 vs. 0.017t1
—0.064 (o =0.792)
(o =0.002)
11-15, —0.038
vs. —0.049 ¢¢
(o = 0.065)
Aslan F et al. (38) Longitudinal cohort ~ NA NA 8-17, —0.54 NA
(Turkey, 115) vs. —0.71 19
(o = 0.003)

Longitudinal cohort means samples were the same group of children but different ages. Cross—sectional cohorts mean samples were in the different groups of children but the same age.
T Gannot compare because not equal follow-up time in each sub study (3 years in pre—covid cohort vs. 8 months in covid cohort).

“Age, mean diopter change from pre to post lockdown.

" Age, mean diopter change from pre to during lockdown.

/Age, mean diopter change pre vs. during lockdown.
119Age, mean diopter change pre vs. post lockdown.

oRate of diopter change per month in pre, during, post- lockdown.
o 0Age, rate of diopter change per month in pre vs. post lockdown.

FAge, mean AL change from pre to during lockdown.

F1Age, mean AL change in pre vs. post lockdown.
1+1Age, mean AL change per month in pre vs. post lockdown.
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TABLE 2 | The selected study with myopia preventive interventions, its characteristics and measurement outcomes.

Measurement outcomes

Study Myopic Study [country, Study design Prevalence (%) Incidence (%) SER (Diopter) AL elongation (mm)
approach status participant (N)] (Age, Range (Age, Pre vs.
assessment between pre & Postlockdown)
post lockdown)
Population-  Cycloplegic Yang Y et Longitudinal cohort ~ 5-6, 8.5% — NA NA NA
based autorefraction  al. (39) 10.3%
approach (Taiwan, 23,930)

Longitudinal cohort means samples were the same group of children but different ages.

We included eleven studies (five studies from China and
six studies, each from Hong Kong, Taiwan, South Korea,
Israel, Turkey and Spain). The studies were conducted in
either of the two settings: school-based setting or clinical-
based setting. Cycloplegia was used in some studies to assess
children’s myopia status. The study from Taiwan is the only study
conducted in the situation where myopia preventive intervention
was implemented.

The characteristic and measurement outcomes of the
selected studies without myopia preventive intervention are
demonstrated in Table 1 and the characteristic and measurement
outcomes of the selected studies with myopia preventive
intervention are demonstrated in Table 2.

We classified the selected studies into two types in this
review. A total of seven studies were conducted in cohorts
of the same group of children at different ages (Longitudinal
cohort), the other four studies were conducted in cohorts
of the different groups of children at the same age (Cross-
sectional cohorts). All studies without myopia preventive
intervention found at least one of the following outcomes:
increased myopia prevalence (ranging from 7.5-20.5% with
a trend of more rising of prevalence in younger age groups
(29)), increased myopia incidence (from 7.5% to 15.3%), greater
myopia progression (negative SER change ranging from 0.05-
0.98 D (29, 31-36, 38) or negative rate of SER changes
ranging from 0.05-0.1 D/month (30, 37)) during the COVID-
19 lockdown. With preventive interventions, a study in Taiwan
reported stable myopia prevalence throughout the COVID-19
lockdown (39).

A total of five studies monitored the changes in axial length
(AL) during the COVID-19 lockdown. (31, 32, 34, 36, 37) Two
of these studies reported an increase in AL during the lockdown
(ranging from 0.08-0.31 mm) (31, 32). Another two studies
found faster AL elongation during the lockdown (0.47 mm/year
compared to 0.29 mm/year (36), the rate of AL increase ranging
from 0.03-0.05 mm/month (37)). Whereas the only study from
China (34) reported no difference of AL before and after that
lockdown period (0.01 mm, p = 0.37).

Behavioral changes during the lockdown were evaluated by
a questionnaire in seven studies. (32-35, 37-39) Increase in
time spending on total near work, including reading, homework,
online learning and digital screen time (2.4-4.63 h/day) (32, 34,
35,37) and a reduction in total outdoor activities (0.1-0.86 h/day)
(32, 34, 35, 37) were reported.

Among these studies, four studies reported the direct
association of specific behavioral changes and worsening of
myopia. Two studies from China (34, 35) found that an increase
of digital screen time was associated with a greater SER change
(odds ratio 2.658, 95% CI 1.587 to 4.450, p < 0.005(34) and 0.211,
95%CI 0.280 to 0.142, p < 0.001(35) respectively). Moreover,
online education was also found to be associated with a greater
SER change in Chinese children (odds ratio 3.717, 95% CI 1.587
to 8.665, p = 0.02) (34). Hongkong specified that increase in
reading time was associated with myopic shift in term of a greater
change of SER (odds ratio —0.04, 95% CI —0.07 to —0.01, p
= 0.02) and an AL elongation (odds ratio 0.03, 95% CI 0.01 to
0.05, p = 0.01) (32). And 2-year exposure to myopia preventive
intervention was found to be a protective factor against myopia
progression among Taiwanese children (odds ratio, 0.56, 95% CI,
0.50 t0 0.63, p < 0.001) (39).

DISCUSSION

We found indirect evidence showing the association between
children’s forced decrease in outdoor activities and increase
in near work and worsening of myopia during the lockdown
due to COVID-19. This finding is relevant in both settings
we found in the literature. For the school-based settings, most
studies were conducted in the high myopic prevalence countries
where the eye examination and refraction are annually screened
in each school. The advantages of the school-based approach
are a large sample size and a completeness of the refractive
data of the targeted population of children. On the contrary,
for the clinical-based setting, most studies were conducted
in the lower myopic prevalence region. The refractive data
of the children in this setting are from those who regularly
visit eye clinics in each year and may not represent the real-
world population.

To obtain children’s refractive status, both non-cycloplegic
and cycloplegic refraction were used in the reviewed studies.
Non-cycloplegic auto/photorefraction are easier and faster to
conduct but their results are known to be exaggerated (40).
This method is useful in the school-based screening where
the cycloplegia may not properly be conducted. On the
other hand, cycloplegic autorefraction, which requires more
steps to instill a drop of cycloplegic medication into the
children’s eyes, is more reliable and commonly used in the
clinical setting. Despite these different refractive methods, the
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study results on changes in myopia during the lockdown
were similar.

For the studies on the cohorts of children in the same group
at the different ages (Longitudinal cohort), the refractive data was
collected in a group of samples at least three different time points:
before the pandemic, at the beginning of the pandemic (before
the lockdown) and after the pandemic (after the lockdown).
This means that the refractive data of the same group of the
children was analyzed and compared in a temporal relation.
It is well documented that there is a progression of myopia
among children in their natural history (per year). However,
the progression of myopia reported in these studies were higher
in terms of diopter changes and faster compared with the
natural history.

For the studies on the cohorts of different groups of children
at the same age (Cross-sectional cohorts), the refractive data
between these two groups of the children, a group before
the pandemic and another group during the pandemic, were
compared. This study design eliminated the confounding effect of
normal myopia progression with increasing age and might reflect
the true effect of the social restriction on myopia progression.
China is a country where there has been a high concern about
the high prevalence of myopia. Half of the studies in this review
were conducted in China, three of them were school-based (29—
31) whereas the other two were clinical setting studies (34,
35). The detailed analysis in some of these studies indicated
that specific types of near work might have an influence on
myopic progression. Children who used mobile phones had the
fastest myopia progression, followed by those who used tablets.
Projectors and televisions might be better choices for online
learning since both of them associated with significantly less
myopic shift, compared to the other devices (35).

Apart from China, the school-based refraction screening was
also conducted with related databases existing in Hong Kong
and Taiwan. Taiwan (39) is the only country with myopia
preventive intervention in this review. Interestingly, the study in
Taiwan was the only study that showed no significant changes
in myopic prevalence during the lockdown. It is possible that
the reason behind this success was the Yilan Myopia Prevention
and Vision Improvement Program (YMVIP), the initiative
launched by the Taiwan government to promote children’s
outdoor activities. This policy was successfully implemented
in 2014 and the prevalence of myopia continuously decreased
in an L-shaped pattern since then. During the lockdown,
Taiwanese were encouraged but not enforced to absolute
stay at home, therefore, the promoting intervention may not
be disrupted and children could continue to spend their
time outdoors.

There were two clinical-based studies that observed that
myopia could still progress during the lockdown even in children
with myopia who were treated with atropine. This was from
the review of medical records of 103 children in South Korean
(37) and 14 children in Israel (36)). Even under the effect of
atropine treatment, a greater SER progression (from 0.33D/year
to 0.74 D/year, p < 0.001) and a greater AL elongation (from
0.21 mm/year to 0.47 mm/year, p < 0.001) between pre- and

post-COVID-19 were found significantly in all Israeli children
in the study. The faster rate of SER progression (from 0.047
D/month to 0.067 D/month, p < 0.001) and AL elongation
(from 0.024 mm/month to 0.030 mm/month, p = 0.001)
between pre- and post-COVID-19 were also found in South
Korean children aged 5 to 7 and 8 to 10 years who were
still under the treatment with atropine, but no statistically
significant changes were observed in older children aged 11 to
15 years.

The age effect was also observed in some studies
(29) in which a greater shift of myopic was observed in
children aged 6-8 years than those who were older than 8
years old.

The worsening of myopia found during the COVID-19
lockdown suggested that even temporary increase in near
work or decrease in outdoor activities for about 3 months
can induce this condition. There are two main theories that
may be used for the explanation. First, a defocusing theory
(41). Defocusing means blurring of perceived images due to
an accommodative lag. In response to the blurred vision,
there is a release of chemicals causing AL elongation as
a compensation for defocusing. This structural change of
eye balls can be permanent. The second theory is about
accommodative spasm or near work induced transient myopia
(NITM). NITM is caused by the remaining accommodative effect
after an abrupt change from a long duration of near work
to distant vision. Hence, it can be reversed after a period of
time (42).

From our review, there were five studies (31, 32, 34, 36, 37)
evaluating AL before and after the pandemic of COVID-19. Four
out of five studies (31, 32, 36, 37) found that AL elongation
was faster during the lockdown. These findings might support
the defocusing theory. Another study (34), meanwhile, did not
find a statistical difference in AL between pre and post home
studying. These two mechanisms of myopia might also be found
in combination, since partial reversible of myopia progression
was found after the lockdown was over in a study (30). A
temporary accommodative spasm might be accounted for in the
reversed part of myopia while the remaining was from permanent
AL elongation.

The main strength of our review is the inclusion of studies
from many countries in which the settings were both school-
based and clinical-based. Therefore, the populations that we
reviewed may represent a large number of children from
many ethnicities. Limitations include difficulty to compare
results from various studies. For example, refractive data
from studies using non-cycloplegic measurement might
overestimate the SER than those with cycloplegic measurements.
Moreover, the refractive data after termination of the
lockdown may be required to assess the permanent effect
of myopic shift.

CONCLUSION

The pandemic of COVID-19 provided an unwanted opportunity
to assess the effect of the behavioral changes and myopia in the
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real world. There is sufficient evidence to support the association
between an increase in near work from home confinement
or a reduction of outdoor activities and worsening of myopia
during the COVID-19 lockdown. This worsening was found
even in children who were under treatment with atropine.
On the other hand, an initiative to increase outdoor activities,
such as the Yilan Myopia Prevention and Vision Improvement
Program in Taiwan, may be able to stabilize myopia progression
during the lockdown period. The findings from this review
of data from the real world may help better understanding
of myopia development and progression, which may lead to
adjustment of behaviors to prevent myopia and its progression
in the future.
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