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ABSTRACT

Background: The worldwide spread of the coronavirus disease (COVID-19) pandemic in 2020, followed
by lockdowns, forced children to be in home confinement with increased screen time, leading to rapid
progression of myopia and an increase in the prevalence of myopia. This study was aimed at determining
if myopia progression seen in evidence-based practice resulted from the COVID-19 lockdown or delayed
follow-ups.

Methods: A retrospective review of case sheets of patients visiting the pediatric department of a tertiary
care eye hospital in Mumbai, India, was conducted from 2017 onwards. We enrolled all children with
myopia who had attended at least one follow-up visit before the COVID-19 lockdown and at least one
follow-up visit post-lockdown. The spherical equivalent (SEQ) of refractive error values at baseline and pre-
and post-COVID-19 lockdown follow-ups (hereinafter referred to as the “first” and “second” follow-ups,
respectively) were recorded. The duration between baseline and the first follow-up visit and between the
first and second follow-up visits were noted.

Results: We enrolled 112 eyes of 56 children, including 35 (62.5%) boys and 21 (37.5%) girls, with a mean
(standard deviation [SD]) age of 9.54 (2.82) years. The mean (SD) SEQ values at baseline and first and
second follow-ups were - 4.74 (3.83), - 5.46 (3.81), and - 6.42 (3.66) D, respectively. The mean change
in SEQ, mean SEQ myopia progression, and rate of myopia progression per month differed significantly
between the baseline and the first follow-up visit versus between the first and second follow-ups (all P <
0.05). However, the change in myopia degree did not differ significantly between these two periods in eyes
with low, moderate, or high myopia (all P> 0.05). The mean (SD) duration between the baseline and the first
follow-up visit was 14.57 (5.68) months, while that between the first and second follow-ups was 27.96 (9.18)
months, showing a significant difference (P < 0.05).

Conclusions: Our findings suggest that a longer gap between follow-up visits and myopia progression
per month should be factored into the management of myopia. Considering that young children are more
vulnerable, preventive measures and school reforms should be urgently implemented in India. Further
retrospective multicenter studies with a larger sample size of eyes, including various refractive errors over a
longer period, are required to verify these findings.
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Myopia progression in children before and after the COVID-19 lockdown

A nationwide lockdown was announced in India on March 22, 2020, to curb the spread of coronavirus disease
2019 (COVID-19) [1]. Schools in India and abroad were closed earlier than nationwide lockdowns [2], and the
United Nations International Children’s Emergency Fund (UNICEF) press release on March 10, 2021, declared
that 168 million children had been affected by the pandemic worldwide for over 1 year [3].

Even when cities were no longer under lockdown with the implementation of safety measures, schools
remained closed in India, disrupting students’ education [4]. In addition to education, both the physical and
mental health of children were compromised [4-6].

Increased screen time and time spent indoors are risk factors for myopia [7, 8]. The prevalence of myopia
has increased post-COVID-19 pandemic; however, few studies have reported quantitative changes in dioptric
progression or follow-up durations [9-11]. A change in the axial length was documented during the COVID-19
pandemic after forced children into home confinement [12, 13].

The aim of the present study was to quantify myopia progression in Indian schoolchildren followed-up
before and after the COVID-19 lockdown period and to compare the progression in the follow-up periods.

In this retrospective longitudinal cohort study, we reviewed case sheets of 7000 children who had visited the
pediatric department of a tertiary care Lotus Eye Hospital in Mumbai, India from 2017 up to a follow-up of at
least 3 years. We enrolled all children with myopia or myopic astigmatism who had attended at least one follow-up
visit from baseline before the COVID-19 lockdown and at least one follow-up visit post-COVID-19 lockdown.
Children with ocular comorbidities, such as congenital cataracts, congenital cornea diseases, pterygium,
keratoconus, uveitis, glaucoma, pseudophakia, neurological, or retinal disorders, were excluded. Moreover, we
excluded children enrolled in the myopia clinic who had been undertaking myopia control measures such as low-
dose atropine therapy, orthokeratology, and myopic defocus spectacles.

As this was a retrospective study using case sheets, the Ethics Committee waived the requirement for prior
approval. The study procedures followed the tenets of the Declaration of Helsinki. When patients, both adults
and children, arrived at the Lotus Eye Hospital, comprehensive written consent was obtained from them or their
parents/legal guardians for all tests and access to medical records.

Visual acuity was recorded using a Snellen chart (illuminated Snellen chart; Baliwalla and Homi, Pvt. Ltd.,
Mumbai, India). Streak retinoscopy was performed in dry and cycloplegic states (Keeler; Halma UK, Windsor,
UK). Cycloplegic refraction was conducted using 1% cyclopentolate (Cyclogel eye drop; Intas Pharmaceuticals
Ltd., Gujarat, India). The anterior segment was evaluated in both dilated and undilated states using a slit-lamp
biomicroscope (SL 220; Carl Zeiss Meditec AG, Jena, Germany). The posterior segment was evaluated in the
undilated state with a direct ophthalmoscope (Keeler; Windsor, UK) and in the dilated state with a binocular
indirect ophthalmoscope (Vantage Plus Digital Indirect Ophthalmoscope, Keeler Ltd., Windsor, UK) and +20-
D lens (Volk Optical Inc., Mentor, OH, USA).

The case sheets contained data from the standard outpatient department examination protocol, including
demographic data, full history (i.e., general medical history, ocular history, medications list, and surgical history),
and results of cycloplegic refraction, visual acuity test, eye movement assessment, and detailed assessments of
the anterior and posterior segments. Data points extracted from the case sheets included the age at baseline and
spherical equivalent (SEQ) of refractive errors at baseline and pre- and post-COVID-19 lockdown follow-ups
(hereinafter referred to as the “first” and “second” follow-ups, respectively). The duration between baseline and
the first follow-up and between the first and second follow-ups was recorded in months.

Myopia progression was calculated as the difference in SEQ scores from baseline to the first follow-up and
from the first to second follow-ups. Dioptric progression per month was calculated between these two periods by
dividing myopia progression by the gap from baseline to the first follow-up and from the first to second follow-up
in months. Low, moderate, and high myopia were defined as SEQs ranging from - 0.25 to < - 3.00, ranging from
>-3.00 to < - 5.00, and > - 5.00 D, respectively [14].

Data were entered into spreadsheets and analyzed using IBM SPSS Statistics for Windows, version 29.0
(IBM Inc., Armonk, NY, USA). The Kolmogorov — Smirnov test was performed to check for normality of
data distribution. Subgroup analyses of changes in myopia between these two periods were performed by sex,
severity of myopia, rate of myopia progression per month, and age (< 9 and > 9 years at baseline). For normally
distributed data, such as changes in SEQ myopia progression, the paired t-test was performed to compare the two
periods. For non-normally distributed data, the Wilcoxon signed-rank, Mann — Whitney U, and Kruskal — Wallis
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tests were performed to compare myopia changes by age, sex, and severity of myopia between the two periods. A
P-value < 0.05 was considered to indicate statistical significance.

We enrolled 112 eyes of 56 children, including 35 (62.5%) boys and 21 (37.5%) gitls, with a mean (SD) age of
9.54 (2.82) years. The mean (SD) SEQs at baseline and first and second follow-ups were - 4.74 (3.83), - 5.46
(3.81), and - 6.42 (3.66) D, respectively.

The mean (SD) duration between baseline and the first follow-up visit was 14.57 (5.68) months and between
the first and second follow-up visits was 27.96 (9.18) months. The mean myopia progression between the two
periods was significant (P < 0.05). When the mean change in myopia was compared between these two periods,
the difference was significant (P < 0.0S; Table 1).

The mean (SD) rates of myopia progression per month between baseline and the first follow-up and between
the first and second follow-ups were - 0.06 (0.07) and - 0.03 (0.03) D, respectively. The mean rates of myopia
progression per month between the two periods was significant (P < 0.05) (Table 1). Figure 1 shows changes in
myopia during the two periods. The monthly myopia progression differed between the two periods (P < 0.05)
(Table 1), indicating a slower rate of myopia progression between the first and second follow-ups (Table 1 and
Figure 1).

The mean (SD) myopia progression in children < 9 and > 9 years was - 0.92 (0.97) and - 0.57 (0.71) D
between baseline and the first follow-up, respectively, and - 0.82 (0.74) and - 1.07 (0.97) D between the first and
second follow-ups, respectively, with no statistically significant difference (both P > 0.05). The rates of myopia
progression per month in children < 9 and > 9 years were - 0.08 and - 0.04 D from baseline to the first follow-up,
respectively, and - 0.03 and - 0.04 D from the first to second follow-ups, respectively. Children aged < 9 years
showed significantly slow myopia progression from the first to second follow-ups (P < 0.05). While the older age
group showed a stable myopia progression of - 0.04 D.

Table 1. Mean change in spherical equivalent, myopia progression, and rate of monthly myopia progression during the two periods

Parameters compared Between baseline and Between the first and P- value
the first follow-up second follow-ups

Mean change in SEQ (D), Mean + SD -5.46£3.81 -6.42£3.66 <0.001

Follow-up durations (m), Mean + SD 14.57 £ 5.68 27.96 +9.18 <0.001

SEQ myopia progression (D), Mean + SD -0.72+0.84 -0.96 +0.88 0.010

Rate of myopia progression per month (D), Mean = SD | -0.06 + 0.07 -0.03+0.03 0.019

Abbreviations: SEQ, spherical equivalent of refractive error; COVID-19, coronavirus disease; D, diopters; SD, standard deviation;
m, months. Note: P-values < 0.05 are shown in bold (Wilcoxon signed-ranked test). The difference between parameters was
compared between the two periods; The durations are between baseline and the first follow-up before the coronavirus disease
lockdown and between the first and second post-coronavirus disease lockdowns.
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Figure 1. Monthly progression at pre- and post-coronavirus disease (COVID-19) follow-ups. Note: “Pre-COVID-19” indicates the

period between baseline and the first follow-up before the COVID-19 lockdown. “Post-COVID-19” indicates the period between
the first (before COVID-19 lockdown) and second (post- COVID-19 lockdown) follow-ups.
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Table 2. Myopia progression based on the severity of myopia

Severityof myopia n  Mean Mean Mean myopia Changeinmean  Change in mean P-value *
myopiaat  myopia, atthesecond myopiabetween  myopiabetween
baseline, D  at the first follow-up,D  baseline and the the first and sec-
follow-up, D first follow-up, D ond follow-ups, D
Low Myopia 41 | -121 -2.16 -3.42 -0.95 126 0.480
(SEQ<-3.00D)
Moderate myopia 29 | -3.66 -4.18 -5.31 -0.52 -1.13 0.157
(SEQ >-3.00D to
<-5.00)
High myopia 42 | -8.94 -9.24 -10.13 -0.30 -0.89 0.480

(SEQ=>5.00D)

Abbreviations: n, number of eyes; D, diopters; COVID-19, coronavirus disease; SEQ, spherical equivalent of refractive error. Note:

* P-value for comparison of the spherical equivalent change by severity of myopia between the two periods; The durations were
between baseline and the first follow-up (before coronavirus disease lockdown) and between the first and second (after coronavirus
disease lockdown) follow-ups (Kruskal — Wallis test).

The mean (SD) rates of myopia progression in boys and girls were - 0.65 (0.70) and - 0.83 (1.04) D between
baseline and the first follow-up, respectively, and - 0.96 (0.93) and - 0.96 (0.80) D between the first and second
follow-ups, respectively. The myopia progression did not differ between the two sexes in either period (both P
> 0.05).

The eyes with low myopia showed a maximum progression of - 1.26 D (Table 2). The myopia change did not
differ significantly between the two periods for myopia of any severity (all P > 0.05; Table 2).

The present study showed that a longer gap between follow-ups and monthly myopia progression should be
factored into the management of myopia in children. The monthly myopia progression differed significantly from
baseline to the first follow-up and from the first to second follow-ups. Yang et al. investigated changes in refractive
error during COVID-19 over a 3-year follow-up and reported a significant change from 2018 to 2019 and from
2019 to 2020 [15]. In the present study, the change in myopia differed significantly between the two periods.

In the present study, the eyes with low and moderate myopia showed significantly faster progression in
the post-COVID-19 lockdown period than in the pre-COVID-19 lockdown period, yet it was not statistically
significant. In Yang et al’s study with a similar 3-year longitudinal period, the eyes with low myopia were more
susceptible to myopia progression [ 15]. However, they also reported that myopia in girls progressed significantly
faster than in boys, contrary to the findings of the present study. A study on the impact of the COVID-19lockdown
and sex revealed that girls were more vulnerable during the pandemic as it widened the gap in education [16,
17]. A global report by UNICEF in 2016 showed that the burden of household work was greater on girls, who
spent almost 40% more time on household work than boys worldwide [17]. A study involving out-of-school
girls and the negative impact on girls’ education reported before the COVID-19 pandemic revealed gender
discrimination, which became wider during the COVID-19 lockdown [18, 19]. Less online schooling could
explain the slower myopia progression in girls in the present study, which should be verified in future studies.

Chang et al. [20] investigated myopia progression before, during, and after the COVID-19 lockdown and
changes in SEQ of myopia progression per month and reported that the rate of progression in diopters was
faster during the COVID-19 lockdown and that it slowed down during the post COVID-19 lockdown period.
Consistently, the present study showed that the rate of myopia progression per month between baseline and
the first follow-up differed significantly from the period between the first and second follow-ups and was - 0.06
(0.07) and - 0.03 (0.03) D, respectively. Chang et al. attributed this change to accommodative spasms during the
COVID-19 lockdown, which were released in the post-COVID-19 lockdown period [20].

The present study revealed that children arrived at the hospital for follow-up after almost 2 years compared
to the annual period before the COVID-19 lockdown. The mean (SD) duration between the first and second
follow-ups was significantly longer than that between baseline and the first follow-up (27.96 [9.18] versus 14.57
[5.68] months, respectively). Fear of infection, absence of safety guidelines for school health programs, and lack
of access to primary eye care during the COVID-19 pandemic increase the risk of myopia progression [21, 22]
and could justify longer follow-up intervals.

Williams et al. reported that early schooling is a risk factor for myopia [23]. In the present study, when myopia
progression was analyzed in primary school children < 9 years and older school children > 9 years of age, those < 9
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years showed faster progression between baseline and the first follow-up (pre-COVID-19 lockdown) compared
to between the first and second follow-ups (post-COVID-19 lockdown). The association of education and early-
age schooling also propelled countries such as China to introduce school reforms to control myopia [24, 25].
In India, studies investigating school stress, private supplementary tutorials, and their impact on the social and
mental health of children have been reported [26, 27]. A study from Turkey on the effect of home schooling on
myopia progression reported that approximately 42% of the children who spent more time outdoors had a slower
rate of myopia progression during the COVID-19 pandemic than those who had regular school time [28]. The
absence of rigorous schooling during the COVID-19 lockdown period with reduced hours of online schooling
for primary school children in government primary schools [29] could be attributed to slowed down myopia
progression in the present study.

When the rate of progression per month was compared between the two age groups in the present study, the
< 9-year age group showed reduced myopia progression from - 0.08 D at baseline to the first follow-up visit to -
0.03 D from the first to second follow-up while the older age group showed a stable myopia progression of - 0.04
D. Wang et al. reported that older children aged > 9 years showed no significant increase in myopia prevalence
after home confinement, which they attributed to the fact that younger children were more susceptible to
environmental changes [30]. A review of the environmental and social impacts of myopia in 2022 cited similar
results and causes of myopia progression among schoolchildren worldwide [31]. Although we did not assess
the details of environmental or social factors, the pandemic as a global challenge significantly delayed the time
interval between follow-ups.

Our findings suggest that a longer gap between follow-ups and myopia progression per month should be
factored into myopia management. However, we included a limited number of students from a single ophthalmic
center; therefore, the results of this study may not be generalizable to other populations or settings. Further
retrospective multicenter studies with a larger sample of included eyes and various refractive errors over a longer
period are required to verify these findings. We failed to assess the environmental and social factors and their
effects on myopia progression. Future studies are required to address the limitations for verifying the study
outcomes.

The findings of this study suggest that a gap between follow-up periods and dioptric myopia progression per
month should be factored into managing myopia in school-age children with myopia. Considering that younger
children are more vulnerable, school reform is urgently required in India.

Ethical approval: As this was a retrospective study using case sheets, the Ethics Committee waived the
requirement for prior approval. The study procedures followed the tenets of the Declaration of Helsinki. When
patients, both adults and children, arrived at the Lotus Eye Hospital, comprehensive written consent was
obtained from them or their parents/legal guardians for all tests and access to medical records.
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