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Objective: To investigate the effect of online learning and other environmental factors on myopia progression during the Coronavirus
pandemic (COVID-19).

Methods: A retrospective cohort study from 2018 to 2021. Data from children aged 6—14 were gathered during three visits: pre-
pandemic, at the beginning, and during the pandemic. Demographics (hours spent on screens for educational, recreational purposes,
outdoors, and type of screen), best-corrected distance visual acuity (BCDVA), uncorrected distance visual acuity (UCDVA), and
cycloplegic refraction were gathered.

Results: Of 150 patients, 70 [47%] were boys. The mean age was 11 (2.4) years. Participants mainly used mobile phones (62%) and
had insufficient outdoor play (88%). Of the 300 eyes, 221 (74%) showed myopia progression. A significant difference in spherical
equivalent (SE) was found between pre-pandemic and post-pandemic periods (—0.29 (0.23) D vs —0.40 (0.11) D; p =0.023).
Additionally, UCDVA showed a difference between the initial and 1st follow-up visits (0.57 (0.37) vs 0.64 (0.36), p =0.001), and
the first and 2nd follow-up visits (0.64 (0.36) vs 0.70 (0.36), p =0.001). Significant hazard ratio for change in SE in patients with
higher age (>9 years), (HR [95% confidence interval (CI)], 0.71 [0.51-0.84]), greater recreational screen usage (HR [95% CI], 1.26
[1.15-1.66]), and insufficient outdoor time (HR [95% CI], 1.45 [1.35-1.67]).

Conclusion: Myopia progression was accelerated during the COVID-19 pandemic. Younger age, prolonged screen use, and
insufficient outdoor time contributed to increased myopia progression. However, the type of device used had no significant effect.
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Plain Language Summary
What is Already Known on This Topic

® Myopia is a progressive condition with a complex origin.

® A considerable myopic shift in school-aged youngsters has been found in studies, generating several concerns.

® [t is critical to research the impact of online learning and environmental variables on myopia advancement during the COVID-19
pandemic since it may go unnoticed.

What This Study Adds

e This is one of few studies that show the acceleration of myopia in the same individual with cycloplegic refraction during the
pandemic.
® Home confinement, extended screen time, and decreased outdoor time have all contributed to the acceleration of myopia in

school-aged children, regardless of the type of device used.
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How This Study Might Affect Research, Practice or Policy

® When policymakers outlined the overall class time for learning during home confinement or regular remote learning outside the
pandemic, the influence of distant learning on myopia advancement had to be taken into consideration.

Introduction

The coronavirus disease (COVID-19) spread rapidly worldwide. The pandemic posed a critical challenge to the health
system, economy, and education." Examples of its effects on education include the introduction of online learning and
virtual classes to compensate for school closures during the lockdown.? Globally, studies have reported a significant
myopic shift in school-aged children during the pandemic, raising many concerns.’

Myopia is a global health problem therefore; the World Health Organization listed it as one of the five immediate
priorities of the “Vision 2020” initiative.* Myopia has a multifactorial etiology’ and is progressive in nature. Moreover,
early-onset myopia is expected to progress to high myopia in adult life. The world is trending towards an increase in the
prevalence of myopia, and the number of myopic individuals is expected to reach 5 billion by 2050. Therefore, 50% of
the world’s population is likely to be affected.’

A cross-sectional study reported that near-work activities increased the prevalence of myopia.® Particularly, online
learning increases the prevalence of myopia at higher-grade levels due to the extended use of electronic devices.”
Previous studies have not looked into the progression using cycloplegic refraction, which is crucial in children.”* Our
study aimed to investigate the effect of prolonged screen time on myopia progression in school-aged children during the
pandemic of COVID-19.

Methods

This retrospective cohort study was conducted on children aged 614 years who visited the pediatric ophthalmology
clinic at King Abdullah Specialist Children’s Hospital. The research was approved by the Institutional review board
(IRB) at King Abdullah International Medical Research Center (KAIMRC) prospectively. The guidelines of the
Declaration of Helsinki were followed.

All participants underwent a comprehensive ocular examination, including an assessment of uncorrected distance
visual acuity (UCDVA), best-corrected distance visual acuity (BCDVA), and cycloplegic refraction. The sample size was
calculated by sample size formula depending on the current population of Riyadh, Saudi Arabia.'’

Patients with myopia with two previous visits to the pediatric ophthalmology clinic were included in the study.
Myopia was defined as visual acuity <1.0 or spherical equivalent (SE) < —0.5 Diopters (D) in either eye.'' Patients using
contact lenses, OrthoK lenses, or low-dose atropine for myopia control, and patients with developmental delay, systemic
diseases, or a history of previous ocular surgery were excluded.

Data from three visits were compared: pre-pandemic visits (between 2018 and 2019), early pandemic visits (between
2019 and May 2020), and visits during the pandemic (between June 2020 and November 2021). Patients were enrolled in
the study at the last follow-up based on the availability of the two previous visits and meeting the study criteria.
June 2020 was chosen to ensure that enough time had passed for meaningful changes in progression. Parents were
interviewed to collect the demographic data. The examination started with the determination of UCDVA and BCDVA in
both eyes. Visual acuity was measured using tumbling E-charts and LogMAR units were utilized. Cycloplegic refraction
was used to measure SE objectively, without subjective refinement. Cyclopentolate 1% (Bausch & Lomb Incorporated
Tampa, FL USA) was applied twice 5 minutes apart in both eyes and repeated once if necessary. Cycloplegic refraction
was performed at least 40 minutes after the first dose by a pediatric ophthalmologist or an optometrist, The event rates at
36 months were calculated for changes in BCDVA, UCDVA, and SE. Myopia progression was calculated as the
difference between visits 1 and 2 and then compared to the difference between visits 2 and 3. With regard to the
baseline age, patients were categorized into 69 years (group 1) and 10-14 years (group 2).

The screen time was categorized as low (30 min to 2 h), average (> 2 h to 4 h), and high (>4 h). The time spent
outdoors was categorized as insufficient (<2 h) and sufficient (> 2 h) per day.'? Data regarding the type of device used
during learning, including televisions, computers, tablets, and phones were collected.
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Ethical Consideration
Informed consent was obtained from the parents or guardian at the time of data collection, and the patients’ confidentiality was
ensured.

Statistical Analysis

Demographic and clinical characteristics are expressed as mean (standard deviation) or percentage (%). Continuous
data with normal distribution were compared using Student’s ¢-test; the Mann—Whitney U-test was used for non-
normally distributed data. Normality was checked using the Shapiro—Wilk test under the null hypothesis that the
variable is normally distributed. The paired sample ¢-test was used to determine whether the mean difference
between paired observations was statistically significant. The chi-square test was used for comparisons of categorical
variables.

The primary outcome of our study was the change in SE. Secondary outcomes included changes in BCDVA and
UCDVA. The events were considered and adjusted for age based on a previously published study.'? An event was
recorded for each patient based on OS or OD. Cox proportional hazard analysis was performed to determine the
predictability of baseline characteristics for changes in BCDVA, UCDVA, and SE events for the entire study cohort.

Univariate models were constructed based on age (Group 1 vs Group 2), sex (male vs female), educational screen
time, recreational screen time, outdoor time, and device use. Hazard ratios (HRs) with 95% confidence intervals (CIs)
were calculated for each model.

For the Kaplan—-Meier curves, event-free curves were computed, and event-free survival was compared between
subgroups using the Log rank test. Statistical significance was set at p < 0.05 (2-sided). IBM SPSS Statistics for
Windows, version 23.0 (IBM Corp., Armonk, NY., USA) was used for data entry and statistical analysis. Microsoft Excel
was used for graphical illustrations.

Patient and Public Involvement

This research was completed without patient involvement. Patients were not invited to comment on the study design and
were not consulted to develop patient-relevant outcomes or interpret the results. Patients were not invited to contribute to
the writing or editing of this document for readability or accuracy.

Results
Baseline characteristics of the 150 patients included in the final analysis are shown in Table 1. The mean age was 11 (2.4)
years, and 47% (70) of the participants were males. Noticeably, the majority of the study cohort had an insufficient
outdoor play (88%), and mainly used mobile phones (62%) at baseline.

In all 300 eyes, the difference in the mean SE between initial and first follow-up visit (—2.62 (0.78) D vs —2.91 (0.68)
D, p-value = 0.001), and first follow-up visit and second follow-up visit (—2.91 (0.68) vs —3.35 (0.34), p = 0.001) was
statistically significant. Similarly, there was a significant difference in the mean UCDVA between the initial and first
follow-up visits (0.57 (0.37) vs 0.64 (0.36), p =0.001) and the first and second follow-up visits (0.64 (0.36) vs 0.70
(0.36), p =0.001). In contrast, the difference in BCDVA between baseline and follow-up visits was not statistically
significant (Supplementary Table 1).

Clinical Outcomes at the Three-Year Follow Up

The mean follow-up period was 27.2 (6.90) months. Out of 300 eyes, 221 (74%) showed myopia progression, measured as
a change in SE. Significantly fewer events were reported in the higher age group than in the lower age group (69% vs 85%,
p =0.031). Additionally, participants with prolonged recreational screen use had significantly higher event rates compared
to those with average and low screen use (95% vs 68% vs 51%, p = 0.003). Finally, insufficient outdoor time contributed to
significantly higher event rates than sufficient outdoor time (79% vs 33%, p = 0.001) (Supplementary Table 2).

Clinical Ophthalmology 2023:17 heeps: 285

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=381061.docx
https://www.dovepress.com/get_supplementary_file.php?f=381061.docx
https://www.dovepress.com
https://www.dovepress.com

Althnayan et al

Dove

Table | Patient Characteristics

Baseline Characteristics (n = 150)
Mean (SD)
Age, years 11.2 (2.36)
Frequency (%)

Age group 6-9 years 41 (27)
10—14 years 109 (73)

Sex Male 70 (47)
Female 80 (53)

Educational screen usage Low 22 (15)
Average 74 (49)
High 54 (36)

Recreational screen usage Low 48 (32)
Average 41 (27)
High 61 (41)

Outdoor time Insufficient 132 (88)
Sufficient 18 (12)

Device TV 17 (1)
Computer 7 (5)
Tablet 33 (22)
Mobile phone 93 (62)

Abbreviation: SD, standard deviation.

Pre- and Post-Pandemic
Myopia progression was calculated by summarizing the differences in BCDVA, UCDVA, and SE between the initial and first

follow-up visits (pre-pandemic) and first and second follow-up visits (early pandemic and during pandemic). A significant
difference was found in SE between the pre-pandemic and post-pandemic periods (—0.29 (0.23) D vs —0.40 (0.11) D, p=0.023).
In contrast, the difference between pre-and post-pandemic BCDVA (—0.01 (0.03) vs —0.01 (0.02), p = 0.601) and UCDVA (0.06
(0.12) vs 0.07 (0.13), p = 0.297) was not statistically significant (Table 2).

Table 2 Comparison of Myopia Progression Between Pre-and Post-COVID Times

Myopia Progression | Pre-COVID Time* Mean (SD) | Post-COVID Time** Mean (SD) | p-value
BCDVA —0.01 (0.03) -0.01 (0.02) 0.601
UCDVA 0.06 (0.12) 0.07 (0.13) 0.297
SE —0.29 (0.23) —0.40 (0.11) 0.023

Notes: *Between 2018/2019 and 2019/May 2020. **Between 2019/May 2020 and June 2020/2021.
Abbreviations: BCDVA, best-corrected distance visual acuity; UCDVA, uncorrected distance visual acuity; SE, spherical equivalence;
SD, standard deviation; COVID, coronavirus disease 2019.
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Survival Analysis

The results of the univariate model analysis showed a significant HR for myopia progression (SE event) in the older age
group (HR [95% CI], 0.71 [0.51-0.84]). In addition, recreational screen usage and outdoor time were strong predictors of
change in SE (HR [95% CI], 1.26 [1.15-1.66], and 1.45 [1.35-1.67], respectively) (Table 3).

The Kaplan—Meier analysis demonstrated that age and outdoor time were reliable parameters to stratify patients with
regard to changes in SE (p = 0.004 and p = 0.001, respectively) (Figures 1 and 2A). Regarding recreational screen use,
prolonged usage demonstrated a significant difference in cumulative survival with regard to change in SE relative to low
and average screen usage (p = 0.018 and p = 0.026, respectively) (Figure 2B).

The 1-, 2-, and 3-year event-free survival rates in the lower and higher age groups were 90%, 43%, and 13% and
94%, 62%, and 40%, respectively. Furthermore, the 1, 2, and 3-year event-free survivals in the insufficient and sufficient
outdoor time groups were 91%, 58%, and 21% and 100%, 91%, and 49%, respectively. Finally, the 1-, 2-, and 3-year
event-free survival rates for the high recreational screen time group were 100%, 64%, and 22%, respectively, compared
to 100%, 80%, and 45% and 100%, 78%, and 46%, in the average and low recreational screen time groups, respectively.

Discussion
The increased utilization of distance learning during the COVID-19 pandemic raised concerns regarding its effect on
myopia. Especially, children in Saudi Arabia had extended hours of distance learning reaching 4—6 h daily at the
elementary school level. This is one of the longest durations worldwide.*'*"'® Moreover, we had one of the longest
periods of distance learning in the world (22 months). To the best of our knowledge, our study is the first to highlight
important factors, such as insufficient time spent outdoors, increased recreational screen time, and younger age, that
contributed to myopia progression during the pandemic based on changes in cycloplegic refraction over a three-year
period in a sample with a large age range from 6 to 14 years.

In this study, SE measured using cycloplegic refraction by trained ophthalmologists or optometrists, provided
a realistic measure of the extent of myopia, with a statistically significant difference between the pre-and post-
pandemic values. The mean change in SE of —0.11 D indicated accelerated myopia progression during the post-
pandemic period. Wang et al reported a mean change of —0.30 D in non-cycloplegic SE refraction in children aged 6—
8 years.® Although Hu et al reported a —0.35 D shift in SE cycloplegic refraction, their sample was limited to children
from grades 2 and 3."* Compared to other studies, our sample size included a wider range of age group, and utilized
cycloplegic refraction, which may explain the lower mean change in SE. Picotti et al showed an increase in myopia
progression compared to pre-pandemic median values, however, risk factors were not studied.'’

Table 3 Hazard Ratios for SE Events for Study Characteristics

Characteristics HR | 95% Cl for HR | p-value
Lower | Upper
Age, high age group 0.71 0.51 0.84 0.002
Sex, female 127 0.88 1.85 0.207
Educational screen usage® 1.03 0.71 1.48 0.886
Recreational screen usage® | 1.26 1.15 1.66 0.010
Device used® TV 1.02 0.56 1.84 0.959
Computer 1.18 0.51 2.72 0.659
Tablet 1.08 0.65 1.78 0.769
Outdoors time, insufficient | 1.45 1.35 1.67 0.032

Notes: *Continuous variable. ®Continuous variable. “Mobile phone is the reference

group.
Abbreviations: SE, spherical equivalence; HR, hazard ratio; Cl, confidence interval.
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Figure | Kaplan-Meier curves showing cumulative survival rates of SE events for the study age groups.
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Figure 2 Kaplan—Meier curves showing cumulative survival rates of SE events for the study recreational screen hours groups (A) and outdoor time groups (B).

In this study, 88% of children with daily outdoor activity <2 h had a 45% higher risk of myopia worsening compared to patients
who spent adequate time outdoors. The findings are comparable to those in another study in which children who had 2 h of daily
outdoor activity had a 33% lower risk of myopia progression.'? In addition, in a study by He et al, 40 min spent outdoors was found
to reduce the incidence of myopia over 3 years."* Another study showed an increase in myopia progression among children aged
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between 7 and 12 years during the COVID-19-associated lockdown; although outdoor time decreased significantly during the
pandemic, the authors found no association between myopia progression and outdoor time.'> To explain the effect of outdoor
activities on myopia, two hypotheses have been proposed: first, in contrast to sunlight, interior illumination focuses behind the
retina owing to its longer wavelengths, encouraging axial growth; second, axial myopia is controlled by light-induced dopamine
release.'®

Patients who spent > 4 h per day in front of screens for recreational purposes had a 26% higher risk of myopia
worsening than those who spent less time in front of screens. In some reports, increased screen time > 5 h per day
accelerated myopia progression.'>!'® In addition, in a cross-sectional study, Chen et al found a higher prevalence of
myopia in children who used electronic devices for extended periods.'! A substitution effect was proposed to explain the
increased use of digital devices at the expense of spending time outside, which results in more near work and myopia.'’
However, Aslan and Sahinoglu-Keskek found no statistically significant correlation between screen time and myopia
during home confinement.'? Interestingly, in this study, educational screen time did contribute to myopia progression.

In our 3-year follow-up, the effect of myopia was less noticeable in the older age groups; survival analysis showed that the
older age group had a 29% lower risk of myopia progression than the lower age group. In a study conducted in Shanghai,
China, older age was found to have a similar protective effect.'> French et al** compared the prevalence of myopia in younger
(6-8 years old) and older (9—13 years old) children. Despite the older group taking longer online courses, they reported
a higher increase among the younger group. Thus, younger children are more vulnerable to environmental factors.>

Due to the low socioeconomic status of our study sample, most patients used mobile phones (62%). A significant progression
was expected. However, due to the lack of sufficient comparison groups, we used the mobile phone group as a reference group for
comparison with other device groups, and the differences in myopia progression were not statistically significant, which is similar
to the findings in other studies.'” Ma et al showed that patients using televisions and projectors had slower myopia progression
than those using other near-distance devices such as phones and tablets.'> Moreover, the low socioeconomic status could be a risk
factor for myopia incidence and progression. Philip et al noted that myopia is more prevalent in children with poor socioeconomic
status.”'*? However, family income was not one of the demographics studied in our cohort.

Over a three year period during the pandemic, our study looked at the progression and risk factors of myopia in
school aged children using cycloplegic refraction. The findings of this study should be interpreted in light of its
limitations. As this was a retrospective study, the time spent in front of the screen and outside were reported by parents,
which may have influenced the accuracy of the actual number of hours spent daily on those activities. We did not include
ocular biometry, such as corneal keratometry and axial length, because relevant data were not collected in this study.
Most patients in this study had a low socioeconomic status and did not own a laptop or any other tablet besides their
parent’s phone. Further research that includes ocular biometry, bigger sample size, wider range of age group, different

socioeconomic backgrounds and ethnic groups may provide additional information about myopia progression.

Conclusion

Myopia progression, assessed based on changes in SE, was accelerated during the COVID-19 pandemic compared to pre-
pandemic times. Younger age, prolonged screen use, and lack of outdoor time contributed to an increase in myopia.
However, the type of device had no statistically significant effect on myopia progression.

Synopsis/Precis
Regardless of the type of device used, home confinement, prolonged screen time, and decrease outdoor activity have led
to the acceleration of myopia in school-aged children during the COVID-19 pandemic.
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