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Abstract

Background/Aim. Vision and health problems
associated with the use of computers and other digital
devices are known as computer vision syndrome (CVS).
Advances in technology have led to increased use of
computers, so the prevalence of these symptoms is
increasing. The aim of this study was to calculate the
overall prevalence of CVS and CVS symptoms using
meta-analysis. Methods. The study was developed in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
Statement. In July 2021, a systematic search of four
electronic databases with article collections was
performed: PubMed, Cochrane Library, Web of
Science, and Google Scholar. The key search terms
were: “computer vision syndrome”, “computer users”,
“digital eyestrain”, “headache”, “dry eyes”, “red eyes”,
“eyestrain”, “neck pain”, “back pain”, and “shoulder

Apstrakt

Uvod/Cilj. Problemi sa vidom i zdravstveni problemi
povezani sa upotrebom racunara i drugih digitalnih uredaja
poznati su kao sindrom ,kompjuterskog vida“ (SKV).
Napredak u tehnologiji doveo je do povecane upotrebe
racunara, tako da je rasprostranjenost tih simptoma sve
veca. Cilj rada bio je da se izracuna ukupna
rasprostranjenost SKV-a i simptoma SKV-a primenom
meta-analize. Metode. Studija je razvijena u skladu sa
Izjavom o preferiranim stavkama izveStavanja za
sistematske preglede i meta-analize (Preferred Reporting Items
Jor Systematic Reviews and Meta-Analyses — PRISMA). U julu
2021. godine, izvrsena je sistematska pretraga Cetiri

pain”. The articles included in the study had to be
original articles written in English only, and the
criterion that had to be met was that the research
included computer users. As a result, the prevalence of
CVS or the prevalence of any of the symptoms of CVS
had to be measured. Results. A total of 43 articles were
fully reviewed, of which 20 were included in the meta-
analysis. The total calculated prevalence for all studies
was 74.4%, while the prevalence for individual
symptoms was: headache — 43%, dry eyes — 24.4%,
eyestrain — 29%, red eyes — 20.7%, and neck, back, or
shoulder pain — 46.3%. Conclusion. The results
obtained are worrying and point to the necessity of a
multidisciplinary approach to solving CVS-related
problems.

Key words:
asthenopia; computers; databases, bibliographic;
health; meta-analysis.

elektronske baze podataka sa zbirkama clanaka: PubMed,
Cochrane Library, Web of Science 1 Google Scholar. Kljucni
termini za pretragu bili su: ,,;sindrom kompjuterskog vida“,
nKkorisnici  racunara®, ,digitalno  naprezanje  ociju®,
»glavobolja®, ,suve o¢i“, ,crvene oci, ,,naprezarvlje ociju’,
,»,bol u vratu®, ,.bol u ledima* i ,,bol u ramenu®. Clanci koji
su bili ukljuceni u studiju morali su da budu originalni ¢lanci
napisani samo na engleskom jeziku, a kriterijum je nalagao
da se istrazivanjem moraju obuhvatiti korisnici racunara.
Kao rezultat toga, morala je biti merena rasprostranjenost
SKV-a ili rasprostranjenost bilo kojeg od simptoma SKV-a.
Rezultati. U potpunosti su pregledana 43 clanka, od kojih
je 20 bilo uklju¢eno u meta-analizu. Ukupna izracunata
rasprostranjenost za sve studije iznosila je 74,4%, dok je
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rasprostranjenost  za  pojedinacne  simptome  bila:
glavobolja — 43%, suve oci — 24,4%, naprezanje ociju —
29%, crvene oc¢i — 20,7% i bol u vratu, ledima ili ramenu —
46,3%. Zaklju¢ak. Dobijeni rezultati su zabrinjavajudi i
ukazuju na neophodnost multidisciplinarnog pristupa

resavanju problema vezanih za SKV.

Kljucne reci:
astenopija; kompjuteri; baze podataka, bibliografske;
zdravlje; meta-analiza.

Introduction

In the last few decades, advances in technology have
become the focus of most countries (especially the
underdeveloped ones) *. There is no doubt that the computer
has freed us from many difficult tasks. However, its constant
use leads to unforeseen vision and health problems, especially
when its use is uncontrolled 2. These vision and health
problems associated with computer use are known as
computer vision syndrome (CVS). Prolonged use of the
screen can cause problems such as dryness of eyes, redness,
eyestrain, irritation, tired eyes, blurred vision, hypersensitivity
to light, headaches, and muscular problems, specifically back,
shoulder, and neck pain that stem from using a computer 4,
According to the American Optometric Association 5, all
these symptoms of CVS are also called digital eyestrain, or in
some studies, it is called asthenopia &°,

Research shows that as many as 90% of people who use
computers for more than 2 hrs a day experience symptoms
associated with vision problems . A study from Japan by
Iwakiri et al. * reported that the prevalence (PRv) of CVS
among office workers was 72.1%. In Egypt, eyestrain
(72.4%) and headache (64.4%) were the most commonly re-
ported symptoms of CVS 3. CVS is reported in 54.6% of
call center operators in Sao Paulo, Brazil *. A study of 419
computer users in India *° found that about 46.3% of users
experienced two or more of the following symptoms during
or after working on a computer: burning sensation, itchy
eyes, pain, tenderness, redness, excess tears, dryness, dis-
comfort when looking, blurred vision, and discoloration of
objects. Studies among students show that the PRv of CVS
among student engineers was 81.9%, while among medical
students, it was 78.6% 6. In the United States, about 54 mil-
lion children use computers, 25-30% of whom have devel-
oped eye problems and have to rely on glasses for better vi-
sion . CVS occurs because the eyes and brain have different
reactions to characters seen on a computer screen than the
characters printed on paper. Changes may occur constantly
on the computer screen, but the printed characters remain
stable and have clear contrast and edges 8. When the eyes
are fixed on the computer for a long time, and the distance
between the eyes and the computer is small, fatigue of the
ciliary muscles can occur, which can cause headaches °. One
or more factors may be responsible for the development of
CVS. These factors are infrequent blinking, prolonged view-
ing of digital screens, inappropriate lighting conditions, ame-
tropia, glare, and incorrect distances between the eye and the
computer 2. Due to the consistent focus on the screen, our
blinking rhythm is disturbed, which contributes to reduced
tear production and reduces the natural moisture of the eyes,
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resulting in corneal stress and causing dry eyes, watery eyes,
itching, and eye pain 2, additional cramps accommodation of
the eye, the disorder of the accommodation mechanism
(blurred vision, double vision, presbyopia, myopia, and slow
change of focus) *.

The computer releases electromagnetic radiation, so a
great deal of energy-related stress is developed against the
ciliary muscles. Poor lighting conditions, prolonged
computer use, screen brightness, refractive errors, and
improper workstation tuning are also risk factors for
CVS 222 Improper height and angle of inclination of the
visual display unit lead to pain in the back, neck, and
shoulders. Twenty-two percent of computer workers report
musculoskeletal disorders 2. When the screen is at a higher
level, the user turns backward, which causes muscle strain on
the trapezius and neck muscles .

Daily use of personal computers and digital screens for
3 hrs or more leads to a high risk of developing CVS, occu-
pational overuse syndrome, and psychosocial stress 2. Even
infrequent daily use of computers leads to various health
problems 2. Instruments used for diagnosis are usually un-
structured questionnaires that focus on the frequency of
symptoms occurrence 26, their intensity 3, or both 2% %,
Using the previous questionnaires, Segui et al. * validated a
questionnaire for respondents with CVS problems.

The aim of this study was to assess the overall PRv of
CVS for all included studies using meta-analysis, as well as
the PRv of certain symptoms that characterize CVS.

Methods

This study has been developed and reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines 34,

Data sources and searches

A search strategy was developed to identify all relevant
studies dealing with the PRv of CVS. Our systematic search
included PubMed, Cochrane Library, Web of Science, and
Google Scholar databases. We used combinations of the
subject titles “computer vision syndrome”, “digital
eyestrain”, “asthenopia”, “computer users”, “dry eyes”,
“headache”, “eyestrain”, “red eyes”, “neck pain”, “back
pain”, and “shoulder pain”. The diagram of the process of
study selection for the meta-analysis is shown in Figure 1.
We also manually searched for reference citations of
identified critiques and selected original research articles to
download the full text.
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Records identified from PubMed, Cochrane Library,
Web of Science and Google Scholar
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Fig. 1 — Flow diagram of the process of study selection for the meta-analysis.
CVS - computer vision syndrome.

Study selection

In order to be included in our analysis, the original
research article had to meet the following criteria: 1) the
research had to include computer users; 2) as a result, the
PRv of CVS or the PRv of any of the symptoms of CVS had
to be measured. The inclusion of studies in our analysis was
limited to English language only. The studies included in our
analysis were not older than five years. In July 2021, a
systematic search of four electronic databases was
conducted. The inclusion/exclusion of studies was done by
two investigators by consultation and consensus.

Data extraction and quality assessment

After selecting the studies based on the inclusion and
exclusion criteria, the two investigators independently
conducted data extraction. The following variables were
abstracted into a pre-formatted table: authors, year of
publication, number of participants, outcomes, percentage of
CVS, occupation, and age of respondents. All studies
included had data available.

Risk of bias was assessed for each study using Downs
and Black * quality score for non-randomized studies and
comprised of five sections: reporting (ten items) — to assess
the overall quality of the study; external validity (three
items) — to determine the ability to generalize the findings of
the study; internal validity (seven items) — to assess bias in
the intervention and outcome measures; selection bias (six
items) — to determine bias from sampling or group assign-

ment; power (one item) — to determine whether findings are
due to chance. Two researchers independently assessed the
quality of the studies involved and classified the studies as
adequate or inadequate. As no intervention study was select-
ed, the maximum score possible in the present review was 13
points. The minimum score of the studies included was 7
points, and below that number, the studies would not be in-
cluded in the analysis.

Data synthesis and analysis

Meta-analysis and statistical analysis were performed
using MetaAnalyst software version 3.2 (Brown University,
2012, USA) %. For six outcomes (total CVS, headache, red
eyes, dry eyes, eyestrain, and neck, back, or shoulder pain),
overall PRv was assessed. Freeman-Tukey Double Arcsine
Proportion (PFT) Random model [DerSimonian-Laird (DL)]
for dichotomous data was used in the meta-analysis to
calculate the pooled PRv for all studies included. A subgroup
analysis for CVS outcome was also performed, using
Untransformed Proportion (PR) Random model DL for
dichotomous data divided into respondents from the
information technology (IT) sector and those who were not
from that sector. When the p-value was < 0.05, the results
were considered statistically significant. Since proportion
estimates are usually heterogeneous ¥ %, we have not
addressed the problem of increased heterogeneity.
Heterogeneity between studies was assessed using the
Higgins 12 test and p-values. The number of degrees of
freedom is presented in each analysis as df.
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Results
Study selection and characteristics

Based on the search strategy, a total of 335 studies were
selected from the initial database search. Of that number, 14
studies were excluded due to duplication, so 321 studies
were selected for further analysis. Following the presentation
of the abstract and title, 278 studies were excluded because
they did not meet the inclusion criteria. The remaining 43
studies were fully reviewed. When the full-text articles were

reviewed, 23 studies were excluded. The remaining 20
studies were included in this systematic review and meta-
analysis. The flow chart of the study selection process is
shown in Figure 1.

Table 1 24 19.21.27.39-52 shows the main characteristics of
the included studies. A total of 4,560 respondents
participated in the 20 included studies; the sample size of the
included studies ranged from 50 to 713. The age of the
respondents ranged between 17 and 60 years. The studies
included in the analysis were conducted in nine countries. Of
those nine countries, only one was from Europe.

Table 1
Characteristics of the included studies

Study Respondents Outcome Country C(}/ S Computer users Respondents age

n % years
CVS (eyestrain, headache,
Agbonlahor 2 215 red eyes, dry eyes, neck, Nigeria 65.6 working-class adults 18-35
back, or shoulder pain)
Arjuna et al. *° 125 CVS (headache, dry eyes, Indonesia 59.2 workers no answer
red eyes)

i 40 i i > 40 (6%)
Astuti et al. 50 CVS Indonesia 52 employees in Telekom < 40 (44%)
Hadi et al. 3 385 headache, dry eyes, nepk, Pakistan no answer students 17-24

back, or shoulder pain
*
Hamdani et al. 1° 134 CVS (headache) Indonesia 61.9 computer workers 2‘200((130‘?*))
Igbal et al. 4 100 CVS (headache, dry eyes, Egypt 86 medical students 18-24
red eyes)
}:baglgfpﬂdag ced 2 218 eyestrain, headache Egypt no answer bank employees 23-59
Kausar et al. 2 350 CVS (headache) Pakistan 88 softwa;fuzr;grgllt:eerlng 18-25
Kumar and CVS (eyestrain, dry eyes, .
Sharma % 100 headache) India 69 computer users 20-60
Kumar 60 CVS (eyestrain, headache, India 85 medical students no answer
dry eyes, red eyes)
Noreen et al. 4 326 CVS (eyestrain, red eyes) Pakistan 16 medical students 17-25
Poudel and 20-30 (218%)
Khanal % 263 CVS (headache) Nepal 825 IT workers > 30 (45%)
Ranganatha CVS (eyestrain, headache, . computer science
- < 16 150 dry eyes, red eyes, neck, India 86.7 19-22
and Jailkhani . students
back, or shoulder pain)
college students,
Shahid et al. 47 150 CVS (headache, neck, Pakistan 75.3 employees of 18-50
back or shoulder pain) I .
multinational companies
Sitaula et al. %8 234 cvs Nepal 765 computer science 17-26
students
dry eyes, headache, red medical and business
Al Tawil et al. #° 713 eyes, dry eyes, neck, back, Saudi Arabia  no answer no answer
. students
or shoulder pain
Tesfa et al. 50 217 CVS (eyf:gae';‘e';)‘ead“he' Ethiopia 75.6 secretary employees 21-48
dry eyes, headache, red <30 (38%)
Viduka et al. 4 90 eyes, neck, back, or Serbia no answer computer users N
. > 30 (52%)
shoulder pain
Vikanaswari and CVS (headache, neck, . . <20 (474%)
Handayani 5! 600 back or shoulder pain) Indonesia 58.8 medical students > 20 (126%)
Zalat et al 32 80 cVs Egypt 81.2 staff members in a 471 +8.1%

medical college

CVS - computer vision syndrome; IT — information technology; n — number;
*number of respondents within the age group; **mean + standard deviation.
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Risk of bias

Table 2 4 19.21. 27 39-52 yresents the summary of the risk
of bias for each included study. For the parameter of
Reporting, eight studies had a score 6/6, eleven studies had a
score 5/6, and only one study scored 4/6. For the item
External validity, eleven studies had a score 2/2, six studies

1/2, and three studies 0/2. The Internal validity parameter was
2/2 in eleven studies, 1/2 in eight studies, and only one study
had 0/2. For the item Selection bias, five studies had a score
2/2, eleven studies 1/2, and four studies 0/2. For item Power,
17 studies had a score 1/1, while three studies had a score 0/1.
The lowest overall score was 7, while the highest was 13. The
mean score in all 20 included studies was 10.1 + 2.

Table 2
Risk of bias for each study
Study Reporting  External validity  Internal validity Selection bias Power B%?:\{(vgg ::odre
2 adequate adequate adequate adequate adequate
Agbonlahor (6/6) 212) @P2) 212) (1/1) 13
. 29 adequate inadequate inadequate inadequate inadequate
Arjuna et al. (5/6) (0/2) W2) 12) (0/) !
. dequate inadequate adequate inadequate adequate
Astuti et al. 40 & 8
(4/6) (0/2) (212) 22 (1/1)
. 3 adequate adequate adequate inadequate adequate
Hadi etal. (516) 212) @P2) o) (1/1) 11
. 19 adequate inadequate adequate inadequate adequate
Hamdani et al. (6/6) (012) @P2) o) (1/1) 10
labal et al. 4 adequate inadequate inadequate inadequate inadequate 7
4 ' (5/6) (1/2) 02) 22 0r1)
Kamal and adequate inadequate inadequate inadequate adequate 10
Abd El-Mageed (6/6) (1/2) 22 22 (1/1)
21 adequate adequate inadequate adequate adequate
Kausar et al. (6/6) 212) 12 @) (/1) 12
1 adequate inadequate inadequate inadequate adequate
Kumar and Sharma (516) (112) ) ) (1/1) 8
Kumar 27 adequate inadequate inadequate inadequate inadequate 7
(5/6) (1/2) 22 0/2) 0r1)
a adequate adequate inadequate inadequate adequate
Noreen et al. (5/6) (2/2) 2 ©0R2) (1/1) 9
45 adequate adequate adequate inadequate adequate
Poudel and Khanal (516) 212) @P2) o) (1/1) 11
Ranganatha and adequate adequate adequate inadequate adequate 12
Jailkhani 46 (6/6) (2/2) (212) 12 (1/1)
. 7 adequate adequate adequate inadequate adequate
Shahid et al. (6/6) 212) 212) 2) (111) H
. 8 adequate adequate adequate inadequate adequate
Sitaula et al. (6/6) 212) @P2) o) (1/1) 12
. 49 adequate adequate adequate adequate adequate
Al Tawil etal. (6/6) 212) @12) @) (1/1) 13
50 adequate adequate adequate inadequate adequate
Tesfaetal. (516) 212) @P2) o) (1/1) 11
. 4 adequate inadequate inadequate inadequate adequate
Vidukaetal. (5/6) (1/2) (12) (12) (1/1) ?
Vikanaswari and adequate adequate adequate adequate adequate 12
Handayani 5 (5/6) (2/2) (212) (2/2) (1/1)
52 adequate inadequate inadequate adequate adequate
Zalat et al. (516) (112) 12 212) (1/1) 9
10.1 £ 2*

* mean score * standard deviation.
Meta-analysis for computer vision syndrome

First, an analysis was performed for the overall PRv of
CVS. A total of 15 studies measured the PRv of CVS. The
pooled PRv for these 15 studies was: PFT = 74.4% [95% con-
fidence interval (CI) = 68%-80.4%, p < 0.001]; 2,059 subjects
out of 2,828 reported some of the symptoms of CVS; hetero-
geneity 12 = 92.66%, p < 0.001; df = 14 (Figure 2). Subse-

quently, subgroup analysis for CVS outcome was performed
using PR. Employees in the IT sector and those who were IT
students had a slightly higher PRv than those who were not
in the IT sector. The PRv of the IT subgroup was: PR =
78.1%, 95% CIl = 71.1%-85.1%, p < 0.001; 986 respondents
out of 1,231 reported some of the symptoms of CVS; hetero-
geneity 12 = 89.89%, p = 0.001. The PRv of the non-IT sub-
group was: PR = 71.3%, 95% CI = 63.6%-79%, p < 0.001;

Dimitrijevi¢ V, et al. Vojnosanit Pregl 2023; 80(10): 860—870.
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Studies Estimate (95% C.I.) Ev/Trt i
Agbonlahor?, 2019 0.656 (0.591, 0.718) 141/215 —
Arjuna et al.®, 2020 0.592 (0.504, 0.677) 74/125 | i
Astuti et al.«, 2020 0.520 (0.380, 0.658) 26/50 =
Hamdani et al.", 2021 0.619 (0.535, 0.700) 83/134 — i
Igbal et al.*, 2018 0.860 (0.784, 0.922) 86/100 ; ——
Kausar et al.?", 2018 0.880 (0.844, 0.912) 308/350 | —B—
Kumar and Sharma*, 2020 0.690 (0.595, 0.777) 69/100 i :
Kumar?', 2020 0.850 (0.747, 0.931) 51/60 ; »
Poudel and Khanal *, 2020 0.825 (0.777, 0.869) 217/263 —B—
Ranganatha and Jailkhani*, 2019 0.867 (0.807, 0.917) 130/150 ‘ ——
Shahid et al.47, 2017 0.753 (0.681, 0.819) 113/150 -
Sitaula et al.#, 2020 0.765 (0.708, 0.817) 179/234 -
Tesfa et al.®, 2021 0.756 (0.696, 0.811) 164/217 ——
Vikanaswari and Handayani®', 2018 0.588 (0.549, 0.627)  353/600 | §
Zalat et al.52, 2021 0.813 (0.719, 0.891) 65/80 i L
Overall (2=92.66%, p<0.001) 0.744 (0.680, 0.804) 2059/2828 —_—

r T T T 1 T 1

04 05 06 07 08 09

Freeman-Tukey Double Arcsine Proportion
Fig. 2 — Forest plot, outcome: computer vision syndrome.
C.l. — confidence interval; Ev/Trt represents the test group.

Studies Estimate (95% C.I.)  Ev/Trt '
Agbonlahor?, 2019 0.656 (0.592, 0.71%) 141/215 ——
Arjuna et al.*, 2020 0.592 (0.506, 0.678) 747125 ]
Astuti et al.#, 2020 0.520 (0.382, 0.658)  26/50 ] ;
Igbal etal.*, 2018 0.860 (0.792, 0.928) 86/100 ! ——
Kumar?, 2020 0. (0.760, 0.940) 51/60 : [ |
Shahid et al.#", 2017 0 (0.684, 0.822) 113/150 —_—
Tesfa st al.», 2021 0.756 (0.699, 0.813) 164/217 -l
‘Vikanaswari and Handayani®', 2018 0.588 (0.549, 0.628) 353/600 | | i
Zalat st al =7, 2022 0.812 (0.727, 0.898) 65/80 -
Subgroup Non IT (P=91.06%, p=0.000)  0.713 (0.636, 0.790) 1073/1597 s ——
Hamdani st al.**, 2021 0.619 (0.537, 0.702)  83/134 | |
Kausar stal.”*, 2018 0.880 (0.846, 0.914) 308/350 : ]
Kumar and Sharma®, 2020 0.690 (0.599, 0.781) 69/100 L :
Poudel and Khanal *, 2020 0.825 (0.779, 0.871) 217/263 ' [ ]
Ranganatha and Jailkhani*, 2019 0.867 (0.812, 0.921) 130/150 § ——
Sitaula et al.®, 2020 0.765 (0.711, 0.819) 1797234 |
Subgroup IT (P=89.89%, p=0.000) 0.781 (0.711, 0.851) 986/1231 —_—— =
Overall (F=93.23%, p=0.000) 0.740 (0.679, 0.B00) 2059/2828 —

I T T T : T 1

04 0.5 06 o7 08 09

Proportion
Fig. 3 — Forest plot, outcome: subgroups of computer vision
syndrome — information technology (IT) and non-IT.
For abbreviations, see Figure 2.

1,073 subjects out of 1,597 reported some of the symptoms  reported headache symptoms; heterogeneity 12 = 97.1,

of CVS; heterogeneity 12 = 91.06%, p = 0.001 (Figure 3).

Meta-analysis for headache

Seventeen studies examined the PRv of headaches. The
pooled PRy for the headache outcome was: PFT = 43%, 95%
Cl = 34.1%-52.1%, p < 0.001; 1,894 subjects out of 4,196

Dimitrijevi¢ V, et al. Vojnosanit Pregl 2023; 80(10): 860-870.

p <0.001; df = 16 (Figure 4).

Meta-analysis for dry eyes

Nine studies examined the PRv of dry eyes. The pooled
PRv for the dry eyes outcome was: PFT = 24.4%, 95% CI =
14.4%-36.1%, p < 0.001; 632 subjects out of 1,938 reported
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Studies Estimate (95% C.I.) Ev/Trt :
Agbonlahor?, 2019 0.488 (0.422, 0.555) 105/215 ——I—
Arjuna et al.**, 2020 0.536 (0.448, 0.623) 67/125 ' u
Hadi et al.*, 2021 0.423 (0.374, 0.473) 1637385 n
Hamdani et al.", 2021 0.522 (0.437, 0.607) 70/134 —.—
Igbal stal #, 2018 0.260 (0.178, 0.351) 26/100 - {
Kamal and Abd El-Mageed®, 2018 0.248 (0.183, 0.307) 547218 —B—
Kausar et al.®, 2018 0.577 (0.525, 0.€28) 202/350 : —l—
Kumar and Sharma*, 2020 0.570 (0.472, 0.6€6€6) 57/100 3
Kumar?’, 2020 0.267 (0.161, 0.387) le/e0 =
Moreen et al.¥, 2021 0.160 (0.122, 0.201) 52/326 | ]
Poudel and Khanal %, 2020 0.483 (0,423, 0.543) 127/263 | |
Ranganatha and Jailkhani ®, 2019 0.833 (0.769, 0.889%) 125/150 : ——
Shahid et al.#, 2017 0.460 (0.381, 0.540) 69/150 —
Al Tawil®, 2020 0.665 (0.630, 0.699) 4747713 E —-
Tesfa et al.*, 2021 0.290 (0.232, 0.353) 63/217 —— '
Widuka et al.t, 2017 0.222 (0.142, 0.314) 20/90 —— :
Vikanaswari and Handayani®, 2018  0.340 (0.303, 0.378) 2047600 [ ]
Overall (F=97.1%, p<0.001) 0.430 (0.341, 0.521) 1894/4196 —_—
r T T “ T T T 1
02 03 04 05 06 [+Ir o8
Freeman-Tukey Double Arcsine Proportion
Fig. 4 — Forest plot, outcome: headache.

For abbreviations, see Figure 2.
Studies Estimate (955% C.I.) Ev/Trt
Agbonlahor?, 2019 0.140 (0.0%¢&, 0.189) 30/215 ——
Arjuna et al.**, 2020 0.328 (0.248, 0.413) 41/125 L
Hadi et al.*, 2021 0.210 (0.171, 0.253) 817385 ——
Igbal et al.*', 2018 0.280 (0.196, 0.372) 28/100 L]
Kumar and Sharma+, 2020 0.370 (0.278, 0.467) 37/100 u
Kumar?T, 2020 0D.067 (0.015, 0.146) 4/60 u
Ranganatha and Jailkhani*, 2019 0.187 (0.128, 0.253) 28/150 ——
Al Tawil et al.*, 2020 0.515 (0.478, 0.551) 3&7/713 .
Viduka et al.%, 2017 0.178 (0.105, 0.2e4) le/90 —_—
Overall (P=96.49%, p<0.001) 0.244 (0.144, 0.361) 632/1938 —

r T : T T 1
01 oz 03 0a (V]
Freeman-Tukey Double Arcsine Proportion
Fig. 5 — Forest plot, outcome: dry eyes.

For abbreviations, see Figure 2.
Studies Estimate (95% C.I.) Ev/Trt
Agbonlahor?, 2019 0.126 (0.084, 0.173) 27/215 ——
Igbal et al.*', 2018 0.160 (0.0%4, 0.238) 16/100 —.
Kamal and Abd El-Mageed®, 2018 0,202 (0.151, 0.258)  44/218 —a—
Kumar and Sharma*, 2020 0.590 (0.452, 0.685) 59/100 =
Kumar®’, 2020 0.417 (0.2%4, 0.544) 25/60 i -
Noreen et al *, 2021 0.052 (0.030, 0.079) 17/326 [ ] !
Rang ha and Jailkhani*, 2018 0.647 (0.568, 0.721) 97/150 ] —
Tesfa et al.*, 2021 0.304 (0.245, 0.367) 66/217 —
Overall (F=97.65%, p<0.001) 0.29%0 (0.146, 0.460) 351/1386 ____::__——__—:_____

I T - T T T T 1
L] 02 03 04 05 08 or

dry eye symptoms; heterogeneity 12 = 96.49%, p < 0.001;

df = 8 (Figure 5).

Freeman-Tukey Double Arcsine Proportion

Fig. 6 — Forest plot, outcome: eyestrain.
For abbreviations, see Figure 2.

ported eyestrain symptoms; heterogeneity |12
p <0.001; df = 7 (Figure 6).

= 97.65%,

Meta-analysis for eyestrain

Eight studies examined the PRv of eyestrain. The
pooled PRv for the eyestrain outcome was: PFT = 29%, 95%
Cl = 14.6%-46%, p < 0.001; 351 subjects out of 1,386 re-

Meta-analysis for red eyes

Nine studies examined the PRv of red eyes. The pooled
PRv for the red eyes outcome was: PFT = 20.7%, 95% CI =
11.1%-32.2%, p < 0.001; 528 subjects out of 1,996 reported
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Studies Estimate (95% C.I.) Ev/Trt
Agbonlahor?, 2019 0.172 (0.124, 0.226) 37/215 ——
Arjuna et al.®*, 2020 0.392 (0.308, 0.479) 49/125 ]
Igbal et al *', 2018 0.150 (0.086, 0.227) 15/100 ]
Kumar?’, 2020 0.117 (0.046, 0.212) 7/60 =
Noreen et al.“, 2021 0.043 (0.023, 0.068) 14,326 —J—
Ranganatha and Jailkhani®,2019  0.247 (0.181, 0.319) 37/150 |
Al Tawil et al.®,2020 0.408 (0.372, 0.444) 291/713 ——
Tesfa et al.®, 2021 0.304 (0.245, 0.367) 66/217 —_—.—
Viduka et al.*, 2017 0.133 (0.070, 0.212) 12/90 ]
Overall (=96.82%, p<0.001) 0.207 (0.111, 0.322) 528/1996 —_—
I I‘ T 1
01 02 03 04
Freeman-Tukey Double Arcsine Proportion
Fig. 7 — Forest plot, outcome: red eyes.
For abbreviations, see Figure 2.

Studies Estimate (95% C.I.) Ev/Trt
Agbonlahor?, 2019 0.326 (0.264, 0.390) 70/215 —a—
Hadi et al 2, 2021 0.701 (0.655, 0.746) 270/385 ——
Igbal et al.*, 2018 0.150 (0.086, 0.227) 15/100 —@——
Kumar and Sharma®, 2020 0.510 (0.412, 0.608) 51/100 —
Kumar?’, 2020 0.300 (0.190, 0.423) 18/60 —_————
Ranganatha and Jailkhani®, 2019 0.433 (0.355, 0.514) 65/150 ——
Shahid et al.+7, 2017 0.413 (0.336, 0.493) 62/150 —_—
Al Tawil et al.®, 2020 0.822 (0.783, 0.849) 586/713 B
Viduka et al ¢, 2017 0.367 (0.270, 0.469) 33/90 —a—
Vikanaswari and Handlayani*', 2018 0.582 (0.542, 0.621) 349/600 : ——
Overall (=97.95%, p<0.001) 0.463 (0.324, 0.605) 1519/2563 =:$3

T T T T ! T T T 1

0.1 02 0.3 04 0.5 06 0.7 0.8

Freeman-Tukey Double Arcsine Proportion

Fig. 8 — Forest plot, outcome: neck, back, or shoulder pain.
For abbreviations, see Figure 2.

red eyes symptoms; heterogeneity 12 = 96.82%, p < 0.001;
df =8 (Figure 7).

Meta-analysis for neck, back, or shoulder pain

Ten studies examined the PRv of neck, back, or
shoulder pain. The pooled PRv for the outcome of neck,
back, or shoulder pain was: FTT = 46.3%, 95% CI = 32.4%-—
60.5, p < 0.001; 1,519 respondents out of 2,563 reported
symptoms of neck, back, or shoulder pain; heterogeneity 12 =
97.95%, p < 0.001; df = 9 (Figure 8).

Discussion

In this systematic review, we pooled the results of 20
studies to calculate the combined PRv of CVS and some of the
symptoms of CVS. The total number of subjects in these 20
studies was 4,560. Progressive advances in technology have
led to the increased use of computers and other digital devices,
so the emergence of CVS is a modern problem. An increasing
number of studies deal with the problems of CVS, so we also
tried to make a cross-section in this paper, including in our
analysis only studies that were not older than five years.

Dimitrijevi¢ V, et al. Vojnosanit Pregl 2023; 80(10): 860—870.

The total overall PRv in the 20 studies included in our
analysis was 74.4%, which is in line with the previous state-
ments. The subgroup analysis indicates that the PRV is slight-
ly higher among respondents in the IT sector than among
other respondents (78.1% vs. 71.3%). These results confirm
that there is almost no difference in computer hrs between
professional users and non-professional users. The digitaliza-
tion of work has led to the fact that almost all respondents in
the studies have become professional computer users. It is
certain that smartphone misuse and other devices also influ-
ence these results. After this analysis, other analyses were
performed to assess the overall PRv of individual CVS
symptoms and those that were most evaluated by the includ-
ed studies. The overall PRv for headache was 43%, for dry
eyes 24.4%, for eyestrain 29%, for red eyes 20.7%, and for
neck, back, or shoulder pain 46.3%. The last analysis for the
symptom of the neck, back, or shoulder pain was the most
difficult to do because some studies examined one of these
symptoms separately, some two symptoms together, and
some all three symptoms together. Due to the musculoskele-
tal problems caused by CVS and their importance for the
normal life of computer users, we did this analysis as well.
We did not deal with the amount of time users spent at the
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computer because we believe a separate study should be
conducted for that.

Our meta-analysis is the only one that has addressed the
issues of CVS PRv and CVS symptom PRv. A meta-analysis
by Vilela et al. 3 dealt with the problem of asthenopia in
children aged 5-19 years. Five studies were included in the
meta-analysis. Due to the large difference in the number of
studies included and due to the different types of respond-
ents, it is not possible to compare the results of our two stud-
ies. We found four reviews & 3+5¢ that addressed the problem
of CVS. They detailed the problems related to CVS, but
since no meta-analysis was done, we were unable to compare
our results with them. Previous research ! 125780 has shown
a PRv of CVS between 64% and 90%. In our meta-analysis,
this range is from 68% to 80.4%, which shows that the ob-
tained results confirm previous research.

Certainly, these results indicate a reduced quality of
work and productivity among employed computer users.
CVS represents a significant health problem among comput-
er users of different occupations: architects, accountants,
flight controllers, scientists, engineers, and lecturers 2%. Oph-
thalmologists, doctors of various specialties, and kinesithera-
pists due to musculoskeletal deformities are involved in solv-
ing the problem of CVS. Some authors - %2 recommend dif-
ferent types of eye exercises or rinsing the eyes and using
distilled water. Appropriate spectacle correction can resolve
the visual symptoms of CVS, which include muscle astheno-
pia and accommodative fatigue ®. While using the computer,
the reading materials should be ideally positioned; the goal is

to position the reading material in such a way that the head
does not move between reading the document and reading
from the computer screen 8, It is important to position the
monitor to avoid direct glare from light sources using low-
voltage bulbs and fluorescent tubes %. Blinking is very im-
portant when working on a computer screen because it mois-
turizes the eyes to prevent dryness and irritation ®. After 30
min of working on the computer, the eyes should be closed
for 30 sec .

This study has several limitations. First, despite a com-
prehensive search, our study included only those written in
English. Second, we did not find any study that included in-
clusive criteria that came from developed countries in West-
ern Europe and America.

Conclusion

This study examined the PRv of CVS through meta-
analysis. CVS is a disorder characterized by various symp-
toms, the most common being those we analyzed in our
study: headache, dry eyes, eyestrain, red eyes, and neck,
back, or shoulder pain. The results we have shown are cer-
tainly worrying and recommend better education of users for
more proper use of computers and other digital devices, and
require a multidisciplinary approach in eliminating the prob-
lems caused by CVS. CVS, as a modern global problem, re-
quires the help of science and the involvement of experts
from various fields in order to remedy its consequences.
With our study, we have tried to make a contribution.
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