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ABSTRACT

BACKGROUND: Numerous factors have been shown to reduce symptomatic and non-symptomatic forms of compu-
ter vision syndrome. However, little is known about the magnitude of visual symptoms among computer users dia-
gnosed with severe symptoms of computer vision syndrome. Therefore this study aimed at determining whether re-
duced visual acuity, anterior segment conditions, and refractive error are associated with computer vision syndrome.
MIATERIAL AND METHODS: A cross-sectional university-based study was carried among university students (n = 783).
Visual acuity was determined using the Snellen chart. The anterior segment conditions were determined through
a comprehensive examination using a slit lamp. Computer vision syndrome symptoms were assessed through a sub-
jective approach using a developed questionnaire. Retinoscopy was conducted to determine refractive status.
RESULTS: Results showed that participants with a refractive error above + 0.50 diopters had a greater odds multi-
variate adjusted ratio 0.73 (95% CI: 0.63-0.90) for having symptoms of computer vision syndrome. Visual acuity
was found to have a multivariate-adjusted odds ratio of 0.31 (95% CI: 0.24-0.47), and anterior segment conditions
also had greater odds multivariate adjusted ratios 0.45 (95% CI: 0.39-0.78), indicating significance association
with computer vision syndrome.

CONCLUSION: Reduced visual acuity, presence of anterior segment conditions, and refractive error were associated
with a greater likelihood of reporting computer vision syndrome.
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INTRODUCTION users [1]. It is the leading 21"-century technolo-

Computer vision syndrome (CVS) is a mul- gy-related condition that manifests in the eye. It ac-

ti-factorial disease of the eye that results in symp- counts for 0.2% of visual impairment globally [2].

toms of stress and eye discomfort among computer CVS presents with ocular and non-ocular findings
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depending on the duration of computer use, light-
ning, glare, high screen brightness, and workstation
setup [3]. While CVS severity depends on modifi-
able risk factors, behavioral factors remain the key
preventive measure. Current management for CVS
entails modifying the environment; however, as
a condition that manifests with different symp-
toms, the prognosis requires appropriate testing.
To curb CVS, computer users must observe pre-
cautionary measures. Since no curative treatment
for CVS exists, it is critical to address ocular-related
pathologies and refractive error wherever possible.

CVS has been shown to arise from complicated
pathophysiological mechanisms such as ocular sur-
face, accommodative, and extraocular [4]. Environ-
mental factors have been shown to play an essential
role in the pathophysiological mechanisms of CVS.
Whereas symptoms are largely temporary, some in-
dividuals may experience continued reduced visual
abilities even after stopping computer work. If
nothing is done to address the cause of the problem,
the symptoms will continue to reoccur and perhaps
worsen with future computer use [2]. A CVS-relat-
ed study in India among 712 office workers reported
a significant reduction in the symptoms secondary
to refractive error and to conditions such as keratitis
[odds ratio (OR): 0.84; 99% confidence interval
(CI): 0.49-0.94]. Ocular-related mechanisms re-
mained the key confounding factor. The follow-up
study included visual acuity with the removal of
ocular-related symptoms due to association with eye
irritation, asthenopia, and dry eye. The symptoms
were excluded as a result of similar presentations
with other ocular conditions [5].

The Indian Eye Study, a population-based study,
reported that ocular pathology presents with sim-
ilar symptoms to CVS.6A meta-analysis showed
an association between CVS and dry eye [5]. Being
insidious and subtle, CVS is often less percepti-
ble among computer users than other conditions,
such as trauma. This could be due to the fact that
the symptoms’ severity appears to be seasonal [4].
Refractive error has not been evaluated to ascer-
tain its association with CVS; therefore, this study
ascertained that computer users who had an un-
corrected refractive error were more susceptible to
CVS as compared to emmetropes (OR 1.20: 99%
Cl: 0.78-2.79) [7]. There is also no epidemio-
logical data showing an association between CVS
and ocular pathologies with refractive error [5].
The data from this study showed that refractive
error-related conditions with CVS are more severe

as compared to other conditions, such as keratitis.
This study aims to document the visual acuity, ocu-
lar pathology, and refractive error among university
students with CVS. The study will further assess
the association of CVS with visual acuity, ocular
pathology, and refractive error.

MATERIAL AND METHODS
Study population

The study participants, ages 18—39 years, were re-
cruited from five universities in Kenya from 2018 to
2019. The sample size from each university was de-
termined through proportionate sampling. The uni-
versities from which participants were recruited in-
cluded Maseno University (180), Kisii University
(134), JaramogiOginga Odinga University (123),
Rongo University (170), and the University of Nai-
robi (176). An informed consent was obtained from
all participants, and the study sought approval from
the Institutional Review Board of Maseno Uni-
versity and permission to conduct the study from
the NACOSTI. The study adhered to the tenets
of the Declaration of Helsinki. Refreshments were
provided to the participants. Participants diagnosed
with the refractive error were referred to the nearest
optometry and ophthalmology centres for a pair
of glasses. Other abnormalities detected were also
referred for more detailed care.

Study procedures

A comprehensive ocular examination was con-
ducted among the participants. The procedures in-
cluded slit-lamp examination, retinoscopy, direct
ophthalmoscopy, and visual acuity. Visual acuity
was tested using a Snellen chart at 6 meters. Pinhole
acuity was performed after the presenting visual
acuity. The visual acuity of participants was assessed
using a Snellen chart and graded as > 6/12 (nor-
mal), < 6/12 to > 6/24 (mild), and > 6/60 (mod-
erate). For the best corrected visual acuity, partic-
ipants who required a prescription of > + 0.50 D
were considered positive for refractive error.

Slit-lamp examination evaluated the anterior
segment for any sign of ocular pathology. The pres-
ence of pterygium, corneal scar, and lid pathol-
ogies were recorded. Retinoscopy was conducted
for participants with visual acuity less than 6/18 in
both eyes as they were deemed to have a significant
refractive error. After the comprehensive assessment,
face-to-face interviews were conducted with trained
interviewers where comprehensive information on
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computer use was recorded, including frequen-
cy of use. The team consisted of ten optometrists
and five research assistants. The research assistants
were trained thoroughly on research-related issues,
specifically on this topic.

Assessment of computer vision syndrome

CVS was assessed using a validated 9-item
self-assessment CVS questionnaire (Appendix 1).
The questionnaire assessed the participants on
the symptoms they experienced while using com-
puters. The questionnaires were administered seven
days after the examination. The questionnaire had
been pretested during a pilot study to assess for
reliability and validity (evaluated by performing
a Pearson correlation coeflicient (0.000 < 0.05,
n = 78). The response rate was 99.1%. The con-
founding factors included self-reported character-
istics by age, gender, seating position, duration of
computer use, and history of ocular conditions
such as low vision.

Statistical analysis

Statistical analysis was carried out using Statisti-
cal Package for Social Sciences software (SPSS; ver-
sion 17.0). Logistic regression analysis was carried
out to determine the associations between CVS
with visual acuity, ocular pathology, and refrac-
tive error and is recorded as adjusted ORs with
95% Cls. The Chi-square test was used to compare
the visual acuity scores, ocular pathology, and re-
fractive error with CVS. All p-values less than 0.05
were considered statistically significant. Linear re-
gression analysis was performed to assess associa-
tions between CVS and the presence and absence
of refractive error.

RESULTS

Various study characteristics of the participants
are presented in Table 1. The median age of par-
ticipants was 26 years, with 57.2% males; 49.3%
of participants had a substantive refractive error,
and 3.9% had low vision (visual acuity less than
6/18 but equal to or better than 6/60 in the better
eye with best prescription). Appropriate preven-
tive measures for CVS had been taken by 22.3% of
the participants, including reducing the period of
computer use (12.8%) and wearing glasses (10.1%).
More than 90% of the respondents experienced
asthenopia, with only 37% experiencing irritation,
and the prevalence was 73%.

Table 1. Study characteristics with computer vision
syndrome (CVS)

e R Participants with S
CVS (n = 783)

Age (year) 543 (69.4)

Male gender 447 (57.2) 0.01

Duration of computer use 582 (74.3) 0.045

Seating position 503 (64.3) 0.032

Visual acuity

> 6/12 9(1.2)

6/12 to 6/24 175 (22.4) 0.02

> 6/60 542 (69.3)

Correction

Wearing glasses 8(1.0)

Not wearing glasses 775 (99.0) 0.03

Ocular pathology

Conjunctivitis 613 (78.3) 0.02

Keratitis 10(1.3) 0.04

Sub conjunctival hemorrhage 31(3.9) 0.12

Refractive error

<0.50D 188 (24.0)

>0.50D 548 (70.0) 0.04

Data are presented as n (%)

In addition, Table 1 shows that participants
who had visual acuity better than 6/18 had a high-
er risk of developing CVS (p = 0.02). Participants
who had a refractive error reported more symptoms
of CVS, in contrast, to those who did not (70%
and 24%, respectively p > 0.23). We also looked
at the association between wearing a correction
and CVS. For nine participants with visual acuity
better than 6/12, 69.3% experienced symptoms of
CVS, as seen by the odds ratio of 1.01 (95% ClI:
0.12-0.1.65). Allergic conjunctivitis was present
among 78.3% who experienced CVS, with kera-
titis being at 23.1% and sub-conjunctival hemor-
rhage at 1.3%. Participants who had a refractive error
of < £ 0.50 compared to 2 + 0.50 had 54% reduced
odds for the presence of CVS, with a multivariate
odds ratio of 1.70 (95% CI: 0.65-1.89) (Tab. 2).
A threshold analysis reported that participants hav-
ing refractive error above verses below + 0.50 had
reduced odds of CVS, after age gender adjustment
odds ratio of 0.68 (95% CI: 0.39-0.89). A refrac-
tive error score of 0.50 was significantly associated
with CVS as compared to scores below 0.50. Table 1
shows that visual acuity < 6/18 was significantly as-
sociated with computer vision syndrome p = 0.02.
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able AsSsoclation be een parameters and comp

Variables Age-gender adjusted OR (95% Cl) Multivariate adjusted OR (95% CI)
Refractive error

<0.50D 1.05 (0.75-1.93) 1.70(0.65-1.89)

>0.50D 1.78 (0.96-2.64) 1.23 (0.73-2.45)

Visual acuity

> 6/12 1.05(0.21-1.08) 1.15(0.10-1.19)

< 6/12to >6/24 1.10(0.32-1.12) 1.24(0.46-1.32)

> 6/60 1.21(0.12-1.35) 1.31(0.24-1.47)

Cl — confidence interval; OR — odds ratio

DISCUSSION

This study ascertains that refractive error, reduced
visual acuity, and the presence of ocular pathologies
are associated with greater odds for the presence of
CVS. The rest of the observed parameters, such as
visual acuity, refractive error, and presence of ocular
pathology, were significantly associated with CVS.
Previous studies investigated CVS with a bias to
a seating position, duration of computer use, and
seating position with little focus on refractive error
[9, 10]. One of the referenced studies conducted in
India grouped participants into three groups: one
group used the computer for 7 hours daily, the se-
cond group used the computer for 1 hour daily, and
the final group children who had never had expe-
rience with electronic devices [11, 12]. The group
using computers for 2 hours had significantly lower
odds of developing CVS compared to the 7 hours
a day group (OR: 0.46; 99% CI: 0.36-0.87) [12].
However, there is no epidemiological data that
links CVS with visual acuity, refractive error, and oc-
ular pathology. However, current evidence has not
concluded exhaustively on how these relationships
occur. Shrivastava et al. reported that managing
ocular conditions such as conjunctivitis reduc-
es the severity of CVS, while systemic conditions
which manifest in the eye do not [13]. The finding
is in line with our results where ocular pathologies
and refractive error are associated with CVS. How-
ever, the lack of association between CVS and some
ocular pathology could be attributed to uncovered
factors that had an impact on visual acuity.
Obrtaining the visual acuity through longitudinal
data could be more accurate; however, it was not
within the scope of the study. By contrast, a study
conducted in India by Azuhairi et al. reported that
participants with reduced visual acuity who had cor-
rection experienced significantly fewer CVS symp-
toms than those who were not wearing corrections

[14]. In 2012, Azuhairi et al. also reported that
reduced visual acuity increases the risk of a comput-
er user to CVS15. Our study found that reduced
visual acuity was associated with a higher chance
of developing CVS. While experiencing eye irrita-
tion, dry eye, and asthenopia clearly indicate CVS,
a study in Nepal showed that looking at the symp-
toms alone does not justify a diagnosis of CVS [16].
However, in Ethiopia, it was reported that the most
common diagnostic parameter used by most prac-
titioners were symptoms [17]. In summary, most
eye care providers still make a diagnosis based on
symptoms. Wearing prescription glasses is useful in
reducing the symptoms of CVS; hence computer
users should test for refractive error.

Various treatment options for CVS exist. Our
study results show that refractive error is associated
with higher odds of developing CVS. This suggests
that correcting refractive error could highly reduce
CVS. As mentioned initially, the magnitude of re-
fractive error is a factor for CVS. A study conducted
in Canada showed no strong association between
refractive error and CVS [18].

Similarly, another study found no strong as-
sociation between refractive error and CVS [19].
However, these studies did not conduct a compre-
hensive examination to justify their conclusions.
Further research should be undertaken to clarify
the confusion between the association between re-
fractive error and CVS. A study conducted in South
Africa compared computer users based on age-re-
lated macular degeneration and found a significant
association in experiencing symptoms of CVS [20].
From our research, sub-conjunctival hemorrhage is
not associated with CVS. This might be influenced
by other factors such as environmental and trauma
to the eye, which is rare compared to environmen-
tal. Therefore, a more intense study should be con-
ducted to determine the ocular conditions resulting
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from CVS. Refractive error makes an individual
strain while focusing, hence more likely to report
symptoms similar to that of CVS [12].

The study had certain strengths. Firstly, a large
sample of participants with CVS was used,
with more detailed data collected. The study
took longer to develop a tool to obtain more
accurate data on CVS and the associated factors.
A comprehensive examination was conducted to
rule out all confounding factors that may bias
the diagnosis of CVS. The study participants were
recruited from 5 universities from different parts
of the country; hence cause and effect were eas-
ily determined. Limitations of the study include
being unable to get a linear relationship between
the visual acuity score and the magnitude of re-
fractive error. Additionally, the participant’s re-
fractive error was not classified based on nature,
and an error of =2 0.50 D justified a refractive
error. Other factors, such as the type of refrac-
tive error, might have influenced the associations;
however they were not prioritized.

CONCLUSION

CVS is a condition where symptoms are largely
temporary, and some individuals may experience
continued reduced visual abilities even after stop-
ping computer work. If nothing is done to address
the cause of the problem, the symptoms will con-
tinue to recur and perhaps worsen with future com-
puter use. CVS management is purely behavioral.
Therefore, it is essential to assess the effectiveness
of self-management. These findings are significant
as it is the first study showing that reduced visual
acuity, refractive error, and ocular pathology are
strongly related to CVS. The results suggest that
refractive error is strongly associated with symp-
toms of CVS. Hence, the findings indicate the need
for more longitudinal studies. The conclusions of
this study should inform eye care providers to criti-
cally evaluate the cause of CVS without focusing on
the symptoms alone. Eye care providers should rule
out all possible causes of CVS before making a final
diagnosis, and management should be narrowed at
the cause.
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