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Purpose: Globally, the COVID-19 pandemic has influenced academic studies. Since 2019, most schools in Thailand have imple-
mented online learning. Thus, several students are experiencing eye problems, including stinging, blurred vision, and epiphora. This
study investigated the prevalence, eye symptoms, and characteristics associated with digital eye strain (DES) in children using digital
devices.

Patients and Methods: In this cross-sectional study, a self-administered electronic questionnaire via google forms was used to
collect demographic data, digital device information, and DES characteristic information in children of age 8—18 years using online
digital devices. The data collection was conducted between December 2021 and January 2022. Moreover, multivariable logistic
regression analysis was performed to evaluate the potential characteristics associated with DES in children.

Results: From a total of 844 parents, 782 parents completed the questionnaire. The mean age of the children was 12.42 + 2.82 years (8—18
years). During the pandemic, the most common duration of using digital devices was >8 hours (39.90%), compared to only 2—4 hours
(36.70%) before. The prevalence of DES was 42.2% (330/782), divided into mild (29.8%), moderate (8.1%), and severe (4.3%) symptoms.
The most common symptoms of DES included: a burning sensation in the eyes (55.24%), fear of worsening eyesight (53.07%), and
excessive blinking of eyes (48.33%). The associated characteristics with DES were advanced age (OR=1.21, P<0.001), refractive error with
(OR=2.04, P=0.004) and without (OR=6.11, P<0.001) correction, and unknown refractive error (OR=2.85, P<0.001).

Conclusion: The use of digital devices are inevitable; therefore, regulating the duration of study and entertainment using digital
devices, especially in older ages, and correcting refractive error in children, is necessary to ameliorate DES.
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Introduction

Globally, the COVID-19 pandemic has been affecting people since late 2019. In many Asian countries, including
Thailand, lockdown policies were used to control the outbreak due to its easy spread, high virulence, and the public
health system’s failure to support large numbers of infected patients." These reasons overwhelmingly affected the
academic system, forcing the on-site study program to go online completely. Although online learning hours are similar
to those spent on-site, children increasingly use digital devices for entertainment. In 2016, before COVID-19, Ichpujani
et al reported the incidence of DES in India to be 17.9% and 43.6%, with digital device usage being 2—4 hours/day.” In
contrast, during COVID-19, Mohan et al reported the incidence of DES to be 50.23%, and the mean duration of digital
device usage was 3.9 hours compared to 1.9 hours before COVID-19.? Similarly, Ganne et al reported DES to be 50.6%
among students attending online classes compared to 33.2% in the general population (P<0.0001).* Smartphone was the

most common digital devices in children at 58.3-61.7%.%"
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Parents and children often visited ophthalmologists during the pandemic for eye symptoms, including headache,
heaviness of eyelid, tearing, itching, and blurred vision.>> Nevertheless, few studies have been conducted on DES in
children, especially younger children.>®
This study aimed to report the symptoms and characteristics associated with DES in higher, primary, and secondary

school children using a self-administered electronic questionnaire.

Material and Methods

This observational, cross-sectional survey study was approved by the Chanthaburi Research Ethics Committee/region in
eastern Thailand (approval number: 086/64) and was conducted in accordance with the Declaration of Helsinki on
Biomedical Research Involving Human Subjects. The study was conducted between December 2021 and January 2022
and included most participants from Chanthaburi, whereas the rest were from Bangkok and other provinces in Thailand.
The questionnaires were anonymous and self-administered electronically. In addition, the parents were informed about
the objective of the questionnaire, and electronic informed consent was obtained from parents or guardians. The
questionnaire was administered to parents via Google survey form through the school’s parents’ online activities. This
study enrolled 8—18-year-old students in grades 3—12 who underwent online learning. The reason for choosing this age
group was because they could understand and cooperate with the parents/guardian to complete the DES questionnaire.

The electronic questionnaire consisted of four parts: Informed consent, demographic data of children, digital device
information, and DES questionnaire in the Thai language. The DES questionnaire was approved by a Thai ophthalmol-
ogist, and pilot tested among parents/guardians, before being administered to the study participants.

The computer vision syndrome questionnaire (CVS-Q) used in this study was developed by Segui et al.” This CVS-Q
evaluates the intensity and frequency of 16 eye symptoms, including burning sensation, itching in the eyes, foreign body
sensation, watering, excessive blinking, redness, pain in the eye, heaviness in the eyelid, dryness, blurring of vision,
double vision, difficulty in near vision, intolerance to light, colored halos, worsening of vision, and headache.

The frequency had three levels: Never (did not occur) = 0; Occasionally (sporadic or once a week) = 1; and Often or
Always (2-3 times per week or almost daily) = 2. Moreover, the intensity had two levels: Moderate (not disturb daily
life) =1 and Intense (23 times per week or almost daily) = 2.

CVS-Q Formula Calculation

Score 1221 (Frequency of symptom occurrence), x (Intensity of symptom),

The increase in scores corresponded with the increase in the severity of DES.
We estimated the sample size using the Z hypothesis.”

N = (Z2°P(1 — P))/d*

where Z = Z statistic for a level of confidence (95% = 1.96), P = expected prevalence or proportion (proportion of one;
50%, P = 0.5), d = precision (proportion of one; 5%, d = 0.05), and N = 384.

The sum of CVSQ scores > 6 indicated the children experiencing DES. The severity of DES was divided based on
total scores: mild = 6-12; moderate = 13-18; severe = >18.°

Statistical Analyses

All data were analyzed using the STATA version 16 (Stata Corp., College Station, Tx, USA). In addition, univariate and
multivariate logistic analyses were performed. The odds ratio (OR) from multivariable ordinal logistic regression was
used to calculate the following characteristics: age, sex, refractive error, and duration of using digital devices. P value
<0.05 was considered statistically significant.

Results
In total, 844 children responded to the questionnaires through their parents/guardians. Among them, 782 met the
inclusion criteria after excluding 61 children with eye disease affecting vision and one with incomplete answers in the
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Completed CVSQ (n=844)

Participants excluded (n=62)

e Incomplete answer (n=1)

e Eye disease affecting vision

Enrolled (n=782) (n=61)
v v —l
No symptoms Mild symptoms Moderate symptoms Severe symptoms
(CVS scores 0-5) (CVS scores 6-12) (CVS scores 13-18) (CVS scores 18-43)
(n=452) (n=233) (n=63) (n=34)

Figure | Flow diagram for data collection.
Abbreviation: CVSQ, computer vision syndrome questionnaire.

questionnaire, as shown in Figure 1. The mean age of the participants in our study was 12.42 + 2.82 years (8—18 years)
from grades 3—12. Demographic data and clinical profiles are shown in Table 1.

According to the questionnaire results, the prevalence of DES was 42.2%. In addition, mild, moderate, severe, and no
symptoms were found in 233 (29.8%) (DES score, 6-12), 63 (8.1%) (DES score, 13-18), 34 (4.3%) (DES score, >18),
and 452 (57.8%) (DES score, 0—5) children, respectively. The most common symptom of DES was “burning sensation in
the eyes” (n =432, 55.24%), followed by “thinking of worsening of eyesight” (n =415, 53.07%) and “excessive blinking
of eyes” (n = 378, 48.33%), as shown in Figure 2.

The characteristics associated with DES in our study were advanced age (OR = 1.21 [1.10-1.22], P<0.001), refractive
error with correction (OR = 2.04 [1.25-3.30], P = 0.004), refractive error without correction (OR = 6.11 [3.17-11.76],
P<0.001), unknown refractive error (OR = 2.85 [1.99—4.10], P<0.001), and screen distance >18 inches (OR = 1.38 [1.00—
2.00], P = 0.05), as shown in Table 2.

Table | Demographic and Clinical Profiles of Children Using Online
e-Learning During the COVID-19 Pandemic

Demographic Data 782 Number (%)
Age, year; mean (SD) 12.41816 (2.824409)
(8-18)

Sex

Female, n (%) 453 (57.93)

Male, n (%) 329 (42.07)
Class

Grade 3-6, n (%) 428 (54.73%)

Grade 7-9, n (%) 186 (23.79%)

Grade 8-12, n (%) 168 (21.48%)
Habitat

Bangkok, n (%) 24 (3.07%)

Rural, n (%) 758 (96.93)
Refractive error

No, n (%) 510 (65.22%)

Yes with correction, n (%) 79 (10.12%)

Yes without correction, n (%) 37 (4.73%)

Unknown, n (%) 156 (19.95%)

(Continued)
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Table | (Continued).

Demographic Data 782 Number (%)

Digital device duration before the COVID-19

pandemic era

No 22 (2.81%)
<2hr,n (%) 157 (20.08%)
24 hr, n (%) 287 (36.70%)
4-6 hr, n (%) 152 (19.44%)
> 6 hr, n (%) 164 (20.97)
Online learning duration in the COVID-19 pandemic era
<2hr,n (%) 44 (5.63%)
24 hr, n (%) 159 (20.33%)
4-6 hr, n (%) 220 (28.13%)
6-8 hr, n (%) 235 (30.05)
> 8 hr, n (%) 124 (15.86%)

Total time of digital device duration in the COVID-19

pandemic era

<2hr,n (%) 21 (2.69%)
24 hr, n (%) 76 (9.72%)
4-6 hr, n (%) 149 (19.05%)
6-8 hr, n (%) 224 (28.64)
> 8 hr, n (%) 312 (39.90%)

Digital devices using online learning (more than |

device)
Multiple tools, n (%) 337 (43.09%)
Smartphone, n (%) 343 (43.86%)
IPad, n (%) 50 (6.39%)
Notebook, n (%) 31 (3.96%)
Computer, n (%) 21 (2.69%)
TV, n (%) 0 (0.00%)

Discussion
Since COVID-19 has spread worldwide, many countries, including Thailand, have adopted the online system throughout
2021 and occasionally during the 2022 pandemic, including kindergartens, primary schools, and high schools.

DES, or computer vision syndrome, is defined as a group of eye symptoms caused by prolonged usage of computers,
tablets, e-readers, and cell phones.’ The prevalence is reported to be approximately 50%.'" Sheedy et al divided the
symptoms into two groups: external and internal symptoms. The external symptoms include a burning sensation in the
eyes, dry eyes, irritation, and tearing. The internal symptoms associated with accommodation or binocular vision disorder
include headache, eye strain, eye fatigue, etc, similar to a study conducted by Portello et al.'" The results of the study
showed the most frequent symptom to be a burning sensation (55.24%), followed by a fear of worsening eyesight
(53.07%) and excessive blinking (48.33%). Our results directly correlate with those of a study by Shantakumari et al in
which undergraduate students in the United Arab Emirates reported burning sensation as the most frequent symptom'?
followed by headache, and with Zayed et al in Egypt, who reported headache and burning sensation.'® In contrast, an
Indian study by Mohan et al® reported itching and headache as symptoms, whereas Gupta et al® reported heaviness of the
eyelid and redness as the most frequent symptoms. Moreover, “thinking of worsening of eyesight”, the second most
common symptom, correlated with Wangsan et al, who reported on the degree of the severity, with the most intense
symptom being the thought of worsening eyesight.'*
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%

Burning | 55.24
Thinking of worsenign eye sight I 53.05
Excessive blinking I 48.34
Eye pain I 445
Itching I 41.69
Headache I 40.4
Tearing I 32.35
Dryness I 30.05
Blurred vision I 29.54
Heavy eyelid I 26.98
Increased sensitivity to light NN 23.53
Difficulty focusing for near vision N 22.39
Feeling of a foreign body NN 10.05
Eye redness [N 18.03
Double vision NN 14.19
Halos around objects NN 11.38
0 10 20 30 40 50 60
%
Figure 2 Number of children affected by various symptoms of digital eye strain.

Associated Characteristics

Age

The characteristics associated with DES in our study included advanced age (OR = 1.21; 95% CI [1.06—-1.19], P<0.001),
which means each year it will increase the risk by 21% for DES, directly correlating with several studies such as one by
Li et al'® reported in China where an increased DES score correlated with older age, with an adjusted OR of 1.05 for per-
year increase, P = 0.02, and Mohan et al® reported that young adults (>14 years, P = 0.04) experienced more severe DES
due to the longer duration of the online study.

Table 2 Multivariable Ordinal Logistic Regression Analysis of Risk Factors of Digital Eye Strain (Odds Ratio and 95% Confidence
Interval) Based on Demographic and Clinical Profiles

Risk Factor Unavailable Regression Analysis Multivariable Regression Analysis
OR 95% CI p-value OR 95% CI p-value

Age (years) 1.16 1.10, 1.22 <0.001 1.21 1.06, 1.19 <0.001*
Sex

Female 1.00 ref 1.00 ref

Male 1.60 1.20, 2.13 <0.001 1.31 0.97, 1.77 0.080
Glasses

None 1.00 ref 1.00 ref

Refractive error with correction 2.64 1.67, 4.18 <0.001 2.04 1.25, 3.30 0.004*

Refractive error without correction 7.58 4.06, 14.18 <0.001 6.11 3.17, 11.76 <0.001*

Unknown 3.16 222, 449 <0.001 2.85 1.99, 4.10 <0.001*

(Continued)
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Table 2 (Continued).

Risk Factor Unavailable Regression Analysis Multivariable Regression Analysis
OR 95% CI p-value OR 95% ClI p-value
Tool
Multiple tools 1.00 ref 1.00 ref
Smartphone 0.86 0.64, 1.15 0.305 1.07 0.77, 1.48 0.770
iPad 0.84 0.47, 1.50 0.563 1.14 0.61, 2.11 0.678
Notebook 0.36 0.15, 0.87 0.023 0.42 0.17, 1.03 0.058
Computer 0.50 0.19, 1.31 0.159 0.85 0.31, 2.34 0.760

Time before

<2hr. 1.00 ref 1.00 ref

24 hr. 0.67 0.28, 1.57 0.355 0.78 0.31, 1.95 0.589
4-6 hr. 0.8l 0.35, 1.85 0616 0.75 0.31, 1.82 0.525
6-8 hr. 1.33 0.57, 3.12 0.500 0.89 0.35, 2.24 0.801
> 8 hr. 1.29 0.55, 3.01 0.554 0.75 0.29, 1.90 0.540

The total time during COVID-19

<2hr 1.00 ref 1.00 ref
2-4 hr. 0.83 031, 2.30 0.73 0.92 031, 2.74 0.887
4-6 hr. 1.06 041, 2.74 0.90 091 0.33, 2.54 0.856
6-8 hr. 1.35 0.54, 3.40 051 1.15 042, 3.16 0.774
> 8 hr. 2.39 0.96, 5.95 0.06 1.61 0.58, 4.41 0.054
Distancing
<18 inches 1.00 ref 1.00 ref
218 inches 1.70 1.27, 2.27 <0.001 1.38 1.00, 2.00 0.050

Note: *Statistically significance at p<0.05.
Abbreviations: Cl, confident interval; OR, odds ratio; Ref, reference.

Refractive Error

Refractive error is a major risk factor, especially without correction (OR = 6.34; 95% CI [3.32, 12.12], P = 0.001),
followed by unknown refractive error (never had a refraction error check) (OR = 2.79 [1.94-4.01]), (P=0.001) and
refractive error with correction (OR = 2.16; 95% CI [1.33-3.49], P = 0.002). The refractive error without correction by
glasses (uncorrected visual acuity < 0.65), especially in myopia (0.5 D — or less)-affected eye strain or asthenopia more

1,'> which demonstrated that refractive error is characteristic of

than emmetropia'® correlates with the findings of Li et a
DES. Furthermore, a study conducted by university students found that astigmatism is also characteristically associated
with DES (OR = 1.75 [1.05-2.92]), (P=0.033); however, another study found no correlation of asthenopia with refractive
errors, amblyopia, and strabismus.'” Nevertheless, we recommend correcting the refractive error (myopia and or
astigmatism) using glasses for online study or digital devices, as it can improve visual focusing and decrease DES

effectively.

Online Duration

During the COVID-19 pandemic, the rise in total duration, including online learning and entertainment, was >8 hours (n
=312 [39.90%]), 68 hours (n = 224 [28.64%]), and 4—6 hours (n = 149 [19.05%]). The use of digital devices for more
than 8 hours (OR = 1.61 [95% CI 0.58—4.41], P = 0.054) may have potential clinical significance. Furthermore,
information bias, recall bias, and inadequate sample sizes in older age may affect the statistical significance.

In many studies, increasing online screen time is an important risk factor for DES. For example, Wangsan et al
reported that each extra hour increased DES by 12%, while other studies report that spending screen time >5 to 6 hours is
a significant characteristic of DES.*'""'® Moreover, other problems such as learning disabilities,'” sleep disturbance, and
increased progression of myopia are arising.*’
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During the COVID-19 pandemic, Thai children spend the most digital duration for online study purposes, and the
duration was 6—8 hours (n =235 [30.05%]), followed by 4—6 hours (220 [28.13%]) per day, which is similar to the usual
time spent on-site. We suggest that schools reduce online study duration and encourage outdoor activities to reduce the
risk factor of DES in children.

Moreover, we recommend that parents pay attention to breaking the online duration in children using the 20-20-20
rule. In this technique, one should look away from their digital monitor after 20 min at a 20 feet distance for 20s to
reduce eye fatigue and DES.*!

Therefore, in our study, the characteristics associated with DES were not related to the male sex (OR 1.31 [0.97-1.77]
P=0.08) and digital devices (OR = 1.07 [0.77-1.48], P=0.77). However, Fischer-Grote and Lee found that the female sex
was a risk factor*? as opposed to the male sex in their study, similar to the study conducted by Mohan (P = 0.0004). In
another study, smartphone usage was significantly associated with DES® because smartphones have a smaller screen;
therefore, children have a shorter viewing distance, which requires more accommodation and affects the extraocular
muscle, resulting in conjugation and transient myopia, eye strain, headache, and facility problem.'**

Near vision results in more accommodation. In our study, the distancing of <18 inches was not statistically significant
(OR = 1.34, 95% CI [0.97-1.84], P=0.074).

This study has several limitations. First, this was a cross-sectional study without comparison with a control group.
Second, this study was conducted using a self-administered subjective questionnaire by parents or guardians, which may
have introduced recall and information bias. In addition, correlations between objective and subjective measures of visual
fatigue are not always apparent.”* Third, there was no geographic control in the online survey. Finally, methodological
error from discrepancies in reporting symptoms by the child and parent’s perspectives can occur, especially when it
involves younger children. The severity of the eye symptoms communicated to the parents by the children is often lower
than that experienced and may not reflect the true state of the symptom.

Conclusion
The refractive error and older age were risk factors for DES in children using digital devices during the COVID-19
pandemic in Thailand. The online duration may have potential clinical significance.

In addition, correcting the refractive error by wearing glasses, resting the eyes, and limiting online time can
ameliorate DES problems, especially in older children with a higher risk factor.
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