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Abstract
During the peak months of the COVID-19 pandemic, several countries elected to close schools and
adapted to online learning. The aim of the article
is to review the impact of lockdown measures instituted during the COVID-19 pandemic on children’s
vision health and to make recommendations for
mitigating potential visual impairment.
Methods: We reviewed studies focused on digital
device usage, near work, and outdoor time in relation to myopia onset and progression in children
during the COVID-19 pandemic. Studies focused on
the relation between screen time, asthenopia and
dry eyes in children during COVID-19.
Results: Increased digital screen time, near work
and limited outdoor activities were found to be associated with the onset and progression of myopia
during the COVID-19 pandemic period. Screen time
was positively associated with asthenopia and dry
eye in children during COVID-19.
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Conclusion: The COVID-19 pandemic has led to
dramatic changes in many aspects of daily life.
Online learning has become the mainstream public
learning mode during the pandemic. Several studies
indicate accelerated myopic progression during the
COVID-19 pandemic in children and the increase
has been found to be related to excessive use of
digital screen devices and the decrease of outdoor
activities duration. Also prolonged screen time,
and online-course time can significantly increase
asthenopia and dry eye risk. Several studies have
recommended to decrease screen time and to
increase outdoor activities.
Key words: Myopia progression, digital screen time,
near work, outdoor activity time, asthenopia and dry
eye
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Introduction
On December 30, 2019, a novel coronavirus disease 2019
(COVID-19) was initially described and rapidly spread
worldwide. (1) A few months later, the World Health
Organization (WHO) declared COVID-19 a ‘‘pandemic’’
outbreak (2) .
Governments worldwide have implemented various
measures to contain the spread of the pandemic, including
strict travel bans, social distancing, quarantine policies
and school closures. These measures have affected
school-age children and students in general. During the
peak months of the pandemic, 195 countries elected to
close schools, affecting nearly 1.5 billion children and
young people (3).
In addition to the negative physical and mental effects of
school closures, the children during the home education
process were more exposed to smartphones, computers,
tablets and television (4). Children’s visual system is
extremely delicate and is in a phase that is characterized
by critical development. Studies have suggested that
early decline in eye health is associated with increased
risks of developing macular degeneration, glaucoma, and
other myopia-related complications (5,6).

Myopia progression
According to the World Health Organization, at least
2.2 billion people worldwide suffer from impaired vision,
among whom a significant proportion are those under 18
years old (7). Research has suggested that close to 50%
of the world’s population may be myopic by 2050, with as
much as 10% highly myopic (8).
In addition to genetics (9), there is strong evidence that
environmental factors (10) such as time spent outdoors
(11), sustained near vision (12) and prolonged higher
education (13) play a significant role in the onset of myopia.
Pelligrini et al (14) noted the possibility that prolonged
home confinement due to the COVID-19 pandemic would
very likely have a significant impact on the global incidence
of myopia and worsening of pre-existing myopia among
children. The authors termed this quarantine myopia and
observed that this would represent a serious public health
concern because of the visual disability associated with
uncorrected myopia that would particularly affect children
in low- and middle-income countries and the sightthreatening complications in later life associated with high
myopia.
There is supportive evidence from several studies
documenting what was considered a possibility has
indeed happened.
Wang et al (15) evaluated non-cycloplegic refractive error
values of 123,535 children aged 6 to 13 years from 10
elementary schools in Shandong, Feicheng, China. They
found that, in the annual screenings conducted from 2015
to 2019, the mean SER (spherical equivalent refraction)

findings were relatively stable for all age groups, whereas
in the June 2020 screenings that took place when schools
reopened after 5 months of home confinement, the mean
SER reflected a myopic shift of about − 0.3 diopters (D)
and the prevalence of myopia (defined as an SER of −0.50
D or less) increased 1.4 to 3 times in 2020 compared with
the previous 5 years especially among younger children.
In another study, 2 groups of students from 12 primary
schools in Guangzhou, China, were prospectively enrolled
and monitored from grade 2 to grade 3. A non-exposure
group (n=1060) included students who were examined
in late 2018 (grade 2) and then in late 2019 (grade 3),
and an independent exposure group (n=1054) included
students examined in late 2019 (grade 2) and again in late
2020 (grade 3). Compared with the unexposed group, the
exposed group experienced a -0.36 D greater myopic shift
in SER, an increased axial length of 0.08 mm, and a 7.9%
higher incidence of myopia (defined as a SER <−0.5 D). (16)
And in another report, students from primary grades
through high school from Chongqing, China, were
randomly selected from the 2019 and 2020 surveys
(n=1728 and 1733, respectively), which included refractive
data recorded by an optometry unit. The percentage of
myopia (defined as a mean uncorrected visual acuity <5.0
with a mean SER <−0.50 D) in 2019 was 44.62% and
increased to 55.02% in 2020 (P<0.001), and the mean
spherical equivalent (SE) refraction (−1.94 ± 2.13 D) in
2020 was lower than that in 2019 (−1.64 ± 5.49 D, P <
0.001) (17).
Also, in Hong Kong, a study with a total of 1793 subjects
were recruited, of whom 709 children comprised the
COVID-19 cohort with 7.89±2.30 months of follow-up, and
1084 children comprised the pre-COVID- 19 cohort with
37.54 ± 3.12 months of follow-up. The overall incidence
was 19.44% in the COVID-19 cohort, and 36.57% in preCOVID-19 cohort. During the COVID-19 pandemic, the
change in SER was –0.50 ± 0.51 D. The authors observed
that the COVID-19 cohort over 8 months showed a faster
SER progression (−0.50 D) during the current pandemic
compared with the studies in Shanghai (−0.27 D), (18)
Guangzhou (−0.31), (19) and Taipei of Taiwan (−0.42D),
(20) over a 1-year follow-up before COVID-19 (21).
Furthermore, Aslan F et al (22) evaluated the myopic
progression of 115 children aged 8–17 years in Turkey
between 2017 and 2020 and found that the annual myopic
progression amount 0.49±0.26, 0.41±0.36 and 0.54
±0.43 diopters (D) for the 2017, 2018 and 2019 years
and 0.71±0.46 D in 2020, and the increase in myopic
progression in 2020 compared to the 2019 and 2018
years, was statistically significant (P < 0.003).
In another study of 201 myopic children aged 7 to 12
years with regular follow-up visits every half a year from
April 2019 to May 2020 in Shanghai, China, there was
a significantly greater change in spherical equivalent at
visit 2 (−0.98 ± 0.52 D) than at visit 1 (−0.39 ± 0.58 D; P <
0.001), whereas the second (visit 2) was four months after
the home quarantine (23).
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Similarly, in a study in India, a total of 133 children (266
eyes) aged 6–18 years were included in the study. Mean
annual myopia progression was found to be statistically
significant during COVID-19 as compared with preCOVID-19 (0.90 vs 0.25 D, P < 0.00001) and a total of
45.9% of children showed an annual progression of ≥1 D
during the pandemic as compared with 10.5% before the
COVID-19 pandemic (24).
In another study in China of two groups with a total of 154
children, the exposed group was formed from 77 children
aged 8 to 10 years who studied at home in the 7-month
period during the COVID-19 pandemic (follow-up period:
January – August 2020) and did not study at home in the
7-month period before the COVID-19 outbreak (baseline
period: July 2019 – January 2020). Seventy-seven children
who did not undergo study-at-home (baseline period: 7
months in 2015, follow-up period: 7 months in 2016) were
included in the control group. Myopia progression was
similar between the two groups in the baseline period.
However, in the follow-up period the exposed group had a
greater change in refraction toward myopia (−0.83 ± 0.56
D) than the control group (−0.28 ± 0.54 D; P < 0.001).
In addition, the exposed group exhibited a significantly
greater change in refraction toward myopia in the followup period (−0.83±0.56 D) than in the baseline period
(−0.33±0.46 D; P < 0.001). (25)
In Spain, 1600 children between 5 and 7 years old
were examined in September and October of 2020 and
compared with the 4227 examined during the same
months of 2019. There was a significant decrease of the
spherical equivalent (mean ± standard deviation; 0.66 ±
2.03 D in 2019 vs. 0.48 ± 1.81 D in 2020; P ≤ 0.001) (26).
A summary of myopia progression in these studies is
shown in Table 1.
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Digital screen time and near work
The evidence concerning the role of screen time and near
work in myopia onset and progression is conflicting. In a
meta-analysis involving 15 studies with a total of 49,789
children 3-19 years of age, Lance et al reported mixed
findings with respect to an influence of screen time on
myopia (27).
Also, many authors report that increased near work is
associated with higher incidence of myopia in school
age children, (28-30) while others did not observe such a
relationship (31-32).
Several studies found that children worldwide had spent
extended periods of time with digital media during COVID19 lockdown, Table 2.
The association between e-learning screen use, near
work, and myopia development during COVID 19 was
investigated by several studies.
In a study of 3,831 Chinese adolescents during the
COVID-19 pandemic, researchers found that every 1hour increase in daily digital screen use is associated with
1.26 OR [Odds Ratio] higher risk of myopic progression.
And using smartphones and computers is shown to be
associated with higher risks of myopic progression than
television use (41).
In another survey involving 2234 subjects enrolled in 1st
to 6th grade in primary schools in China. each additional
diopter hour increase in electronic screen use per day was
associated with 1.036 odds ratio (OR) increased likelihood
of near-sighted refractive error, whereas diopter hour is
the proximity-weighted eye use that is computed based
on an average distance from electronic screens. It found
that the subjects reporting occurrence of near-sighted

refractive error on average indicates 3.64 dh additional
exposure to electronic screens per day than subjects who
did not experience near-sighted refractive error (42).
Similarly, in a study of 3405 children from primary to
upper-secondary school, findings show that each diopter
hour increase in daily e-learning screen use is significantly
associated with progression of myopia symptoms (OR:
1.074). It found an average daily screen time of 3.9 ± 2.3
hours/day. Subjects who reported myopic symptoms on
average engaged in 1.4 more hours than subjects who did
not (P < 0.001) (43).
Also, Ma M et al (23) in their study found that an increase
of 1 h/day spent on digital devices for online learning
corresponded with a myopia progression of 0.21 D.
They observed that an average of 0.67 h/day was spent
on digital screen devices for online learning before the
COVID-19 pandemic and increased to 5.24 h/day during
COVID- 19 pandemic, nearly 10 times longer than before.
A significant difference in change of SE was found
between different types of digital devices used (mobile
phone: −1.63 ± 0.20 D; tablet: −1.00 ± 0.29 D; television:
−0.69 ± 0.25 D; projector: −0.61 ± 0.27 D; P < 0.001).
Children using televisions and projectors had significantly
less myopic shift than those using tablets (P < 0.001), who
had slower myopia progression than those using mobile
phones (P < 0.001). More time spent on digital devices for
online learning and doing other near work was significantly
correlated to faster myopia progression (P < 0.001 for
digital screen time; P = 0.015 for other near work).
Also, in the above mentioned study of Wang W (17), the
researchers found that the mean SE in the television group
(−1.10 ± 1.49 D) was better than that in the computer
group (−2.03 ± 2.37 D, P = 0.0017) and in the cell phone
group (−2.02 ± 2.09 D, P = 0.0028) for the students who
used digital devices for online courses (17).

Table 2: Children’s screen time during COVID-19 in different studies
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In addition to that, in a study in India, 96.7% of the children
were using smartphones to attend online classes. They
noted increase in the duration of mobile game playing (P <
0.0001) during the COVID-19 period and found video game
playing on smartphones ≥1 h per day was a significant
risk factor for rapid annual myopia progression during the
COVID-19 pandemic (OR = 3.46, P = 0.01) (24).
In Hong Kong, Zhang X et al found that screen time had
increased from 2.45 ± 2.32 to 6.89 ± 4.42 hours/day (P
< 0.001) in 709 children who comprised the COVID-19
cohort group. During the same period, total near work
time increased from 3.42 ± 2.50 hours/day to 8.05 ± 4.49
hours/day (P < 0.001). The study also showed association
of reading time with SER progression (21).
Also, Ma D et al (25) found that the amount of time spent
performing near-work increased during the study-at-home
period from 2.96 ± 1.05 hours per day to 4.33 ± 1.04 hours
per day (P < 0.001), where near work included homework,
reading books, painting, playing chess, using computers
and using mobile phones.
In a study in USA, forty children (ages 14.6 ± 0.4 years)
simultaneously wore two sensors for one week; a Clouclip
for objective measurement of near viewing and light
exposure and an Actiwatch for objective measurement
of activity and sleep. Objectively measured daily near
viewing duration during COVID-19 was 6.9 ± 0.3 hrs.
Myopes spent more time in near + intermediate viewing
than non-myopes (P = 0.008) and had higher diopter
hours (P = 0.03) and electronic device use was (12.0 ± 0.7
hrs per day) (44). Similarly, in another study of 53 children
in the USA, the daily electronic device use increased on
weekdays and weekends during COVID-19 (7.3 ± 0.6
and 7.9 ± 0.7 hours) compared to a typical summer (4.9
± 0.5 and 6.1 ± 0.5 hours, P < 0.001 for both weekdays
and weekends) and to a typical school session (3.4 ± 0.3
and 5.4 ± 0.5 hours, P < 0.001 for both weekdays and
weekend) (45).

Outdoor activity time
The role of outdoor activity in decreasing myopia
progression has been disputed. Outdoor activities have
been reported to decrease the incidence and progression
of myopia. (46-47). Wu et al. suggested that myopia
progression in children who spent >11 h a week outdoors
decreases by 53% (46). Also, He et al. reported that every
additional 40 minutes of outside activities decreases
myopia incidence by 23%, (47) While in another metaanalysis, improved outdoor time demonstrates a protective
effect for onset but not progression of myopia (48).
Outdoor activity time and myopia progression during
COVID 19 was investigated by several studies.
In a study of 1237 school children aged 9-14 years in India,
a significant decline was noted in time spent on outdoor
activity (from 8.5 hours/week in pre-COVID-19 time to 1.6
hours/week during COVID-19 lockdown; P < 0.001) (49).

Also, outdoor activities time decreased from 1.27 ± 1.12
hours/day at baseline recruitment to 0.41 ± 0.90 hours/
day during COVID-19 (P <0.001) (21). Similarly, outdoor
activities decreased from 1.84 ± 1.43 hours per day to
0.98 ± 1.01 hours per day (P < 0.001) (25).
Aslan F et al (22) noted that the mean myopic progression
was 0.55 ± 0.42 D in children who spent time outside in
the daylight for 2 hours a day, and 0.82 ± 0.45 D in children
who did not (P = 0.003) and the mean myopic progression
was 0.5 ± 0.41 D in children living in detached houses and
0.79 ± 0.45 D in those living in apartments (P = 0.006).
Liu J et al (43) reported that engaging in outdoor exercise
four to six times per week (OR: 0.745, p = 0.034) and one to
three times per week (OR: 0.829, p = 0.048) is associated
with a lower likelihood of myopia progression, than none.
Similarly, Wang W et al (17) reported that average time of
outdoor activity was positively correlated with SE.
Also, in the abovementioned study in Spain (26), the
authors found that 56% of the children changed the amount
of time spent outdoors, and in 47% of the cases, this time
decreased (P < 0.001), and the relationship between
lifestyles and refractive errors showed that children who
spent more time outdoors had higher SE in both cases:
pre and post confinement (P < 0.001 and p = 0.049).
In another study, home confinement in the form of less sun
exposure was found to be the most important risk factor
for the rapid progression of myopia during the COVID-19
pandemic. Sun exposure <1 hour per day (P < 0.00001)
was found to be an independent risk factor for rapid myopia
progression of ≥1 D (24).
Furthermore, in another study, children demonstrated
decreased activity and time outdoors during COVID-19,
with myopic children exhibiting lower light exposure and
activity than non-myopes. However, while myopic children
tended to spend less time outdoors (0.7 ± 0.2 hours per
day) than non-myopic children (1.0 ± 0.1 hours per day),
the difference did not reach significance (P = 0.09) (45).
On the other hand, even the outdoor time during the
home quarantine period significantly decreased from
an average of 1.11 hours/day to 0.49 hours/day; no
association between reduced outdoor time and faster
myopia progression was observed (23). The authors
noted that this might be because outdoor time was still
less than 2 hours/day before the home quarantine, which
is under the threshold required to have a positive effect or
be due to the different influence of outdoor activities on
myopia onset and its progression, with no protective effect
in children who are already myopic.

Asthenopia and dry eye
Asthenopia is defined as a subjective sensation of eye
strain, eye pain, dry eyes, itching eyes, and headaches,
(50). Several previous studies have shown that increased
use of digital tools is positively related to asthenopia risk
among college students and school-aged children (51-52).
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The prevalence of asthenopia among school-aged children
and adolescents varies significantly across countries,
ranging from (12.4-26.4%) (53) in one study up to 89.9%
(54) in another.
During COVID-19, a study in India of 217 children (13 ±
2.45 year) found 36.9% (n = 80) were using digital devices
>5 hours in the COVID era as compared to 1.8% (n =
4) before the COVID era. The prevalence of digital eye
strain is 50.23% and was significantly associated with
male gender, smartphone use, duration of digital device
use >5 hours, digital device distance <18 inches, and use
of mobile games >1 hour per day (38).
In another study of 654 students (mean age: 12.02 ±
3.9 years) in India, the average per day digital device
exposure was 5.2 ± 2.2 hours. (92.8%) of the children
reported experiencing at least one asthenopic/dry eye
symptom (AS/DS). The most prevalent symptoms were
eye redness (69.1%) and heaviness of eyelids (79.7%).
Significant positive correlation was reported between
age and per day duration of digital device exposure (P
< 0.001). Computer vision syndrome (CVS) score for
spectacle users was significantly higher (P < 0.001). CVS
score was found to correlate significantly with age and
duration of digital device exposure (P < 0.001) (55).
Also, in another study of 25,781 school-aged children in
China, overall asthenopia prevalence was 12.1%, varying
from 5.4 to 18.2%. Authors found that total screen time
was positively associated with asthenopia risk and a 100hour increment of total screen/online-course time was
associated with an increased risk of asthenopia by 9% (56).
In Egypt, a study of 403 subjects with a mean age of 12.7 ±
1.9 years (range 10–18) during COVID-19 reported that the
most frequent current symptom was eye fatigue followed
by dryness/grittiness/scratchiness, then burning, watering,
and irritation, and 16.6 % of the patients reported current
use of artificial tears. Screen time for both education and
leisure increased significantly compared to pre-COVID-19,
with a mean difference of 1.06 ± 1.5 and 1.39 ± 2.04 hour
per day, respectively (P<0.001). Increased screen time has
been associated with increased dry eye symptoms (57).
Furthermore, in a study of 110 healthy children 10-17
years of age who were enrolled in full-time or hybrid virtual
school during the COVID-19 pandemic, 61% of children
had an increase in convergence insufficiency symptoms
and 17% had severe convergence insufficiency symptoms
after school, and 53% of children had an increase in
asthenopia symptoms. (58)
In another study in China, 2005 children with mean 12 ±
3.0 years had mean screen time of 4.6 ± 3.4 hours/day.
77.0% of students reported at least one CVS symptom
with eye dryness and itching the most common (48%).
CVS score was independently associated with older age,
children with myopia not wearing glasses, astigmatism,
other ocular diseases, not complying with the 20-20-20
rule, more screen time and less outdoor activities (59).
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Recommendation for screen time, outdoor
activity time, and digital eye strain
The World Health Organization’s guidelines on physical
activity, sedentary behavior, and sleep recommends no
more than 1-hour sedentary screen time for those aged
2-5 years, and less is better (60).
The American Academy of Child and Adolescent Psychiatry
recommends restricting non-educational screen time to
about 1 hour per weekday and 3 hours on the weekend
days for children 2-5 years of age and for ages 6 and
older, encourage healthy habits and limit activities that
include screens (61).
In 2018, the Ministry of Education of China adopted a
plan for control and prevention of myopia, which included
the restriction of use of electronics as a teaching tool to
no more than 30% of overall teaching time, prohibition of
phones and tablets in classrooms, the use of electronic
products for non-learning purposes should not exceed 15
minutes at a time and should not exceed 1 hour per day,
and students are also encouraged to rest their eyes for 10
minutes after using electronic products for 30-40 minutes
of learning (62).
In 2020, the National Health Commission of China issued
the Guidelines for the Prevention of Myopia in Children
and Adolescents During the COVID-19 Epidemic, which
limited online learning time in primary school students
to 2.5 hours per day, with each time not to exceed 20
minutes; and in secondary school students to 4 hours per
day, and each time not to exceed 30 minutes, and video
screen time for non-learning purposes to 1 hour per day.
It was recommended to choose large-screen electronic
products for online learning, with the priority a projector,
TV, desktop computer, laptop, tablet, mobile phone, and
the viewing distance should be more than 3 meters for
projector, more than 4 times for TV and more than 50 cm
(about an arm’s length) for computer (63).
Increased outdoor activities in children have been shown
to reduce the myopic change in both non-myopic and
myopic children (43). After the implementation of a myopia
prevention program (Tian-Tian 120 outdoor program) in
Taiwan, in which primary schools were encouraged to
take their students outdoors for 120 minutes per day,
the long-term trend of increasing prevalence of reduced
visual acuity (defined as uncorrected visual acuity <20/25)
in schoolchildren from 2001 to 2011 (34.8%-50%) was
reversed from 2012-2015 (49.4% to 46.1%) (64).
In Taiwan, after launching the Yilan Myopia Prevention
and Vision Improvement Program (YMVIP) from 2014
through to 2020, myopia prevention strategies such as
increasing outdoor activities (2 hours/weekday) was
promoted in all kindergartens. The myopia prevalence
declined significantly from 2014 through to 2016 and
remained stable afterward even during COVID-19 (no
school closure or shifting to online education in Taiwan at
that time). In total, the prevalence of myopia decreased by
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5.2% from 2014 through to 2020 (15.5% to 10.3%) (65).
In China, the National Health Commission recommended
more than 2 hours of outdoor activity time every day and
advocated myopic children and adolescents to spend
more than 3 hours outdoor activities every day (63).
Recommendations to reduce digital eye strain include
correct ergonomic practices, appropriate correction of
refractive error, maintain normal blinking, the use of
appropriate lighting, careful positioning of the digital
device, adjusting image parameters (resolution, text
size, contrast, luminance), taking breaks, and the use of
lubricating eye drops (artificial tears) to help alleviate dry
eye-related symptoms (66-67). The American Optometric
Association promotes the 20-20-20 rule (take a 20-second
break to view something 20 feet away every 20 minutes)
to help alleviate digital eyestrain (68).

Conclusion
The COVID-19 pandemic has led to dramatic changes in
many aspects of daily life. Online learning has become the
mainstream public learning mode during the pandemic.
Several studies indicate accelerated myopic progression
during the COVID-19 pandemic in children; myopic
progression ranges from 0.13 D in Spain (26) up to 0.98 D
in China (23) and the increase has been found to be related
to excessive use of digital screen devices and the duration
of outdoor activities. The increase in daily digital screen
use is associated with higher risk of myopic progression
(41-43). Smartphones and computers are shown to be
associated with higher risks of myopic progression than
television and projector use (17, 23, 41). A significant
decline was noted in outdoor activity time in several
studies (21, 25, 49) and engaging in outdoor activities is
associated with a lower risk of myopic progression (17, 43).
Asthenopia and dry eye in children has a prevalence
between 5.4 % in China (56) up to 92.8% in India (55).
Prolonged screen time, and online-course time were
associated with higher risk for asthenopia and dry eye
(55-59).
Children’s health is a collective responsibility of parents,
teachers and health care practitioners. Eye and vision
health awareness need to be spread in all possible ways.
Teachers and parents need to help students and children
to develop healthy relationships with digital devices. They
should encourage children to put their devices away
for an hour or two each day, and to go outside and get
some form of exercise. Parents can set limits using indevice applications to restrict the total screen time spent
per day or per session and parents should act as role
models by reducing their own digital device usage, and
spending more time with their children outdoors. Eye care
practitioners should educate parents to bring children who
have refractive error and who are using spectacles for
routine eye examination and emphasize on the importance
of reducing screen time and increasing outdoor activity.
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