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Abstract

Background Computer vision syndrome has become a significant public health problem, especially in developing
countries. Therefore, this study aims to identify the prevalence of computer vision syndrome during the COVID-19
pandemic.

Methods A systematic review and meta-analysis of the literature was conducted using the databases PubMed,
Scopus, Web of Science, and Embase up to February 22, 2023, using the search terms "Computer Vision Syndrome"
and "COVID-19". Three authors independently performed study selection, quality assessment, and data extraction,

and the Joanna Briggs Institute Meta-Analysis of Statistics Assessment and Review Instrument was used to evaluate
study quality. Heterogeneity was assessed using the statistical test ¥, and the R version 4.2.3 program was used for sta-
tistical analysis.

Results A total of 192 studies were retrieved, of which 18 were included in the final meta-analysis. The total sample
included 10,337 participants from 12 countries. The combined prevalence of computer vision syndrome was 74%
(95% ClI: 66, 81). Subgroup analysis based on country revealed a higher prevalence of computer vision syndrome

in Pakistan (99%, 95% Cl: 97, 100) and a lower prevalence in Turkey (48%, 95% Cl: 44, 52). In addition, subgroup analysis
based on study subjects showed a prevalence of 82% (95% Cl: 74, 89) for computer vision syndrome in non-students
and 70% (95% Cl: 60, 80) among students.

Conclusion According to the study, 74% of the participants experienced computer vision syndrome dur-
ing the COVID-19 pandemic. Given this finding, it is essential to implement preventive and therapeutic measures
to reduce the risk of developing computer vision syndrome and improve the quality of life of those affected.

Trial registration The protocol for this systematic review and meta-analysis was registered in the international regis-
try of systematic reviews, the International Prospective Register of Systematic Reviews (PROSPERO), with registration
number CRD42022345965.
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Introduction

Computer Vision Syndrome (CVS), or digital eye strain,
is a set of visual and ocular symptoms that affect people
who use electronic devices (ED) for extended periods
[1]. These devices include computers, laptops, tablets,
e-readers, and smartphones [2]. Symptoms related to
CVS can be classified into three categories [3—5]: visual
symptoms (blurry vision, visual fatigue or discomfort,
and double vision), ocular symptoms (dry eyes, redness,
eye fatigue, and irritation), and extraocular symptoms
(headache and pain in the shoulders, neck, and back).

Recent studies have shown that there are two catego-
ries of risk factors associated with CVS [3]: those that
are of personal origin (such as poor posture while sit-
ting, the incorrect distance between the eyes and the
screen, the wrong viewing angle, the presence of medi-
cal conditions, and prolonged computer exposure) [6]
and those that are computer and environmental factors
(which include inadequate workstations, insufficient
lighting, poor contrast and resolution, the increased
presence of screen glare, excessive brightness, and light
imbalance between the screen and the surrounding
work environment) [7, 8].

For the past two decades, CVS has become a highly
relevant health problem that affects the entire popula-
tion [1]. A systematic review and meta-analysis study
found that the pooled prevalence of CVS is 66% [3].
In addition, the COVID-19 pandemic and the subse-
quent lockdowns have led to a significant increase in
the use of ED worldwide. That massive increase in the
use of ED has created a conducive environment for the
development of CVS, which increases the risk of expe-
riencing its associated visual, ocular, and extraocular
symptoms [9].

During this global crisis, many people have expe-
rienced a significant increase in time spent on tech-
nology-related activities, such as working from home,
participating in virtual meetings, and engaging in
online entertainment [10, 11]. This change in screen
use habits has led to an increased risk of developing
CVS [12].

The rapid evolution of technology has made ED an
essential part of our daily lives [13]. However, several
studies have shown that prolonged use of these devices
can negatively affect people’s eye health, as evidenced
during the COVID-19 pandemic [14, 15]. Therefore,
this systematic review and meta-analysis aimed to
determine the prevalence of computer vision syndrome
during the COVID-19 pandemic. This will allow the
development of strategies and preventive measures to
protect and improve the eye health of the population.
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Materials and methods

Study design and protocol registration

This systematic review and meta-analysis was regis-
tered on the International Prospective Register of Sys-
tematic Reviews (PROSPERO) under the registration
code CRD42022345965. Available at: https://www.crd.
york.ac.uk/prospero/display_record.php?RecordID=
345965.

Eligibility criteria

The prevalence of CVS was identified using published
peer-reviewed articles with observational study meth-
ods (nonrandomized cohort and intervention studies).
The articles covered what was published through Feb-
ruary 22, 2023, and had no language restrictions. Edi-
torials, letters to the editor, randomized clinical trials,
narrative reviews, systematic review papers, and meet-
ing proceedings were not reviewed.

Data sources and search strategy

The databases PubMed, Scopus, Web of Science, and
Embase were searched extensively. The search terms
used were "COVID-19" and "Computer Vision Syn-
drome". The search strategy is available at: https://doi.
org/https://doi.org/10.6084/m9.figshare.22141715.v1.
The searches were completed on February 22, 2023, and
the results were independently evaluated by three dif-
ferent investigators (J.J.B., DALF, and R.S.).

Study selection

A database was created from the results of electronic
searches using Endnote reference management soft-
ware. Duplicate articles, irrelevant titles, and abstracts
were removed. Then, three investigators (DALF, A.S.,
and MJVQ) independently evaluated the article titles
and abstracts to select those that appeared to meet
the inclusion criteria. Finally, three other investigators
(J.J.B., R.S., and AJRM) carefully reviewed the full-text
reports and assessed whether they met the inclusion
criteria before deciding whether to include them. In
any disagreement, a fourth investigator (AJRM) helped
resolve the differences and reach a solution. A PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) diagram was used to present the study
selection procedures.

Data extraction

Three investigators (DALF, MJVG, and ].J.B.) worked
independently to extract data from the selected arti-
cles and record them in an Excel spreadsheet. Essen-
tial details of the selected studies were collected, such
as author, date of publication, study design, country,
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sample size, response rate, prevalence of computer
vision syndrome, study subjects, age, and sex. If disa-
greements arose over the inclusion of studies, a fourth
investigator (EAM) resolved them and verified that the
list of publications and extracted data did not contain
duplicate articles or irrelevant information.

Quality assessment

"The Joanna Briggs Institute Meta-Analysis of Statistics
Assessment and Review Instrument (JBI-MAStARI)"
[16] was used to assess the quality of articles before their
inclusion in the final meta-analysis. The evaluation was
based on various aspects, such as the research context,
outcome and explanatory variables, explicit inclusion
criteria, measurement standards, subject description,
and precise statistical analysis. DALF, AJRM, and JJB
independently evaluated the quality of the studies. It was
classified as "high", "moderate", or "low" based on their
score, with more than 7 points for high quality, 4 to 6
points for moderate quality, and less than 4 points for low
quality. Any discrepancies among the researchers during
the quality evaluation were resolved through discussion
(Table 1).

Data analysis

The extracted Excel data was imported into the R pro-
gram version 4.2.3 for analysis. The studies that were
included were presented narratively using tables and
graphs. A meta-analysis was conducted using the ran-
dom-effects model to calculate the overall effect size,
and the results were displayed using a forest plot. The I?
index was used to analyze heterogeneity, where I =30%
indicated low heterogeneity, FP=30-60% represented
moderate heterogeneity, and I°>60% showed high het-
erogeneity. The R meta-package was utilized for con-
ducting the meta-analyses. A visual evaluation was
performed using a funnel plot and Egger’s test for asym-
metry to assess publication bias, but only if the number
of included papers exceeded 10.

Results

Study selection

The search strategy allowed for the retrieval of 192 arti-
cles, whose selection process can be visualized in the
PRISMA flowchart (Fig. 1). After removing duplicates
(n=100), 92 articles were examined by the researchers.
Subsequently, after filtering the titles and abstracts, 64
articles were selected for full-text reading, and 18 were
considered eligible for inclusion in this systematic review
and meta-analysis [13, 17-33].
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Characteristics of the included studies

Eighteen cross-sectional studies examining the preva-
lence of CVS during the COVID-19 pandemic, pub-
lished between 2021 and 2022, were included [13,
17-33] (Table 2). The total sample included 10,337
participants from 12 countries (n=18) [13, 17-33]:
India (n=3) [17, 24, 31], Saudi Arabia (n=3) [18, 23,
32], Ethiopia (n=1) [19], Pakistan (#=1) [20], China
(n=2) [21, 29], Egypt (n=1) [22], Paraguay (n=1) [25],
Peru (n=1) [26], South Africa (n=1) [27], Bangladesh
(n=1) [28], Thailand (#=2) [13, 30], and Turkey (n=1)
[33]. The sample size varied from 74 in a study of Chi-
nese medical students at the University of Sichuan [21]
to 2476 in a survey of high school students in Thailand
[13]. Of the participants, 39% were men, and 61% were
women. The student population was the primary par-
ticipant in most included studies [13, 17, 20, 21, 23, 25—
30, 32, 33]. This systematic review and meta-analysis
provide a broad overview of the prevalence of CVS in
various countries during the COVID-19 pandemic [13,
17-33] (Table 2).

Quality of the included studies and publication bias

The included cross-sectional studies were characterized
by their high level of quality, which was assessed using
the JBI-MAStARI tool (Table 1). In the analyses aimed
at assessing the prevalence of CVS during the COVID-
19 pandemic, it was observed that when applying Egg-
er’s test to assess publication bias, a value of p=0.7046
(t=0.39, df=16) was obtained. This result suggests that
the null hypothesis of symmetry is accepted, indicating
that there is no evidence of publication bias in the studies
examined (Fig. 2).

Pooled prevalence of computer vision syndrome

The pooled prevalence of CVS was 74% (95% CI: 66, 81)
[13, 17-33]. The study with the lowest proportion was
conducted in Saudi Arabia, with a prevalence of 35%
(95% CI: 31, 40) [23], while the highest was conducted in
Pakistan, with a prevalence of 99% (95% CI: 97, 100) [20].
The P test showed that there was heterogeneity among
the included studies (I*=99%, p-value<0.01) (Fig. 3) [13,
17-33].

Subgroup analysis by country

Subgroup analysis was performed based on country, and
the prevalence of CVS was highest in Pakistan (99%,
95% CI: 97, 100) [20] and lowest in Turkey (48%, 95%
CI: 44, 52) [33]. The studies that showed significant het-
erogeneity were studies in India (I?=99%, p-value <0.01),
Saudi Arabia (P=99%, p-value<0.01), China (I*=94%,
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(n=18)

Identification of studies via databases and registers
Records identified from
§ databases (n =192) including: Records removed before screening:
"
§§ ) PubMed (n =54) —» Duplicate records removed (n
k- - Scopus (n=46) = 100)
§ - Web of Sciences(n=48)
- Embase (n=44)
!
Records screened Records excluded
o
(n=92) (n=12)
A4
Reports sought for retrieval Reports not retrieved
oD
5 (n=80) (n=16)
]
v
: '
o
7]
Reports assessed for eligibility Reports excluded:
—
(n=64) Wrong outcomes (n=11)
Wrong population (n=13)
Wrong study designs (n=22)
—
v
o Studies included in review
3
= (n=18)
=
Studies included in meta-analysis

Fig. 1 PRISMA flowchart describing the selection of studies for the systematic review and meta-analysis of the prevalence of computer vision

syndrome during the COVID-19 pandemic

p-value<0.01), and Thailand (P?=96%, p-value<0.01)
(Fig. 4).

Subgroup analysis by study subjects

A subgroup analysis was performed according to the
study subjects, which revealed a prevalence of 82% (95%
CI: 74, 89) for computer vision syndrome in non-stu-
dents [18, 19, 22, 24, 31] and 70% (95% CI: 60, 80) among
students [13, 17, 20, 21, 23, 25-30, 32, 33]. However, het-
erogeneity was observed among the studies included in

both groups for both non-student and student subjects
(P =95%, p-value <0.01; =99%, p-value <0.01) (Fig. 5).

Discussion

Since the onset of the COVID-19 pandemic, numerous
countries around the world have implemented restric-
tions on physical activity and mobility as part of their
social isolation and quarantine measures. These meas-
ures have had a significant impact on daily life, trans-
forming the reality in which interactions have become
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Fig. 2 Funnel plot and Egger’s test illustrate the publication bias of the included studies

predominantly virtual, whether for work, education,
shopping, or other activities [34]. Several studies have
shown a reduction in physical activity and an increase in
sedentary time during the period of confinement due to
the COVID-19 pandemic [35-38].

Therefore, the present study aimed to determine the
prevalence of CVS during the COVID-19 pandemic,
considering the increase in the use of electronic devices
and the change in lifestyle towards greater virtualization
in areas such as work, education, communications, and
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Fig. 3 Forest plot showing the pooled prevalence of computer vision syndrome during the COVID-19 pandemic
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Fig. 4 Subgroup analysis by country on computer vision syndrome during the COVID-19 pandemic

various daily activities [39]. Our meta-analysis reveals the overall prevalence estimated in a recent systematic
that during the COVID-19 pandemic, the overall preva-  review by Anbesu EW et al. of 66% [3]. However, these
lence of CVS increased by 74%, significantly exceeding results are consistent with the high prevalence rate of
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Random effects model 10337

Heterogeneity: /° = 99%, t° = 0.0310, p < 0.01
Test for subgroup differences: ; = 3.41, df = 1 (p = 0.06)
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Fig. 5 Subgroup analysis by study subjects on computer vision syndrome during the COVID-19 pandemic

CVS in Ethiopia, which reaches 73.21%, as reported in
a systematic review conducted by Adane et al. [3, 40].
That difference in prevalence between our study and the
other one performed by Anbesu et al. is consistent with
the shift in lifestyle during the period of COVID-19 to be
more virtual and with the increase in the usage of elec-
tronic devices for multiple needs [39, 41]. In addition,
several studies have been conducted to assess the impact
of digital device usage during the COVID-19 pandemic
on eye health, such as the study conducted by Bahkir
et al., which found an increase in screen time, and 95%
of the participants experienced at least one symptom of
digital device use, such as dry eye, eye pain, eye redness,
headache, double vision, and others [42]. Furthermore,
another study conducted by Alabdulkader et al. reported
that the incidence of digital eye strain was 78%, which is
positively correlated with duration and the number of
devices that are used [18], aside from another study con-
ducted by Usgaonkar et al., which found that 89% of the
participants were spending most of the time on social
media using electronic devices. Hence, they experienced
symptoms such as dry eyes, headaches, and back pain
[14].

These results suggest that CVS significantly affected
a large portion of the population during this period of
health crisis. This underscores the importance of under-
standing and addressing the potential negative effects of
prolonged exposure to electronic device screens.

The sub-group analysis based on the country revealed
different prevalence estimates based on the number of

studies available per country and justifying the inclusion
criteria. The prevalence of CVS in India was estimated at
78%; similar results indicated a prevalence of digital eye-
strain in the pre-isolation period of 64.3% [43]. That indi-
cates the impact of increased digital device usage during
the lockdown period. Our subgroup analysis revealed
a CVS prevalence in Saudi Arabia of 72% based on the
three included studies. However, this estimate differs
from one setting to another. It varies based on the target
population, as CVS prevalence was estimated at 43.5% in
another Al Subaie et al. study among the Al-Ahsa popu-
lation. Besides, another study conducted among radi-
ologists revealed an overall prevalence of 65.4% [44, 45].
Our sub-group analysis revealed that the highest preva-
lence of CVS was in Pakistan (99%) based on only one
included study, and the lowest prevalence was in Turkey
(48%) based on only one study. This significant difference
between them is based on the difference in the popula-
tion’s culture, behavior, and habits [46, 47].

It was estimated that the prevalence of CVS among
students was 70%, which is consistent with their
increased usage of computers and learning tools during
the COVID-19 lockdown as most educational institu-
tions and universities transformed their learning to be
more virtual during the pandemic [48-50].

Our results revealed the variation in the CVS preva-
lence from one country to another, as shown in the sub-
group analysis, and besides other studies conducted,
such as the study conducted by Ranasinghe et al. among
Sri Lankan computer workers, which reported a CVS
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prevalence of 67.4%, a survey conducted among the
instructors in Ethiopia (70.4%), and a study conducted
among undergraduate students in Pakistan (90.5%) [19,
51, 52]. The difference in the prevalence estimates may
be attributed to the differences in the study setting, study
period, socioeconomic characteristics, awareness of the
target population about the preventive measures of using
computers and digital devices, and the tool used in the
estimation of the prevalence, which mainly depends
on subjective questions and differs from one study to
another.

Subgroup analysis revealed that the prevalence of CVS
was higher in the non-student group (82%), compared
to the student group (70%). These results can be attrib-
uted to the face-to-face restrictions that the COVID-19
pandemic imposed on educational and work activities,
generating a massive transition to virtual environments.
This shift resulted in a significant increase in time spent
using electronic devices, such as computers, tablets,
and cell phones. The non-student population, who were
employed in jobs that did not require regular use of elec-
tronic devices or who lacked access to formal educational
resources, possibly experienced greater exposure to digi-
tal screens without the same guidance and eye protection
measures. This lack of guidance could have contributed
to the higher prevalence of CVS in this group. In con-
trast, the student population may have demonstrated
greater awareness of and access to eye protection meas-
ures, such as regular breaks, ergonomic adjustments, and
the use of blue light filters. This is due to the guidance
provided by educational institutions and the increased
attention paid to eye health in the educational environ-
ment [53, 54].

The increased prevalence of CVS indicates poor educa-
tion about this syndrome and the proper ways of using
computers and digital devices. Therefore, educational
programs should be designed for the general population
to increase their awareness of CVS symptoms, the risk
factors of this syndrome, the different causes of it, and
safety measures to prevent it [55]. We should also pro-
mote research to identify the prevalence of CVS in other
countries lacking data to have a more precise estimate of
the prevalence of this syndrome globally.

This is the first meta-analysis conducted to describe the
prevalence of CVS in the context of the COVID-19 pan-
demic. The results obtained in this study will provide a
solid basis on which policymakers can design new poli-
cies and follow-up programs to address this syndrome.
In addition, this analysis contributed significantly to
the identification of gaps in research on the prevalence
of CVS, which, in turn, will help guide future measures
aimed at preventing its occurrence. Importantly, this
study focused on the negative impact on ocular health
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due to the COVID-19 pandemic. It is important to men-
tion that the present work was carried out following
PRISMA guidelines. However, it is relevant to recognize
certain limitations in our research. In particular, the lim-
ited availability of studies on the prevalence of CVS in a
small number of countries limited our analysis. Further-
more, given that the included studies were cross-sec-
tional in nature, we cannot establish a definitive causal
relationship. Finally, it is important to keep in mind that
our investigation was based on data collected in indi-
vidual studies during a specific period, implying that cir-
cumstances might have changed over time.

Conclusions

This study discovered a high prevalence of computer
vision syndrome, affecting 74% of the participants. These
results suggest that many individuals may experience
prolonged electronic screen usage symptoms, includ-
ing visual fatigue, headaches or neck pain, dry eyes, and
blurred vision, among others. Therefore, it is crucial to
emphasize the importance of implementing preventive
and therapeutic measures to reduce the risk of develop-
ing CVS and improve the affected individuals’ quality of
life.
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