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Background. ,e purpose of the study was to determine the prevalence of computer vision syndrome (CVS) and poor sleep quality
among university students and assess the relationship between digital device usage, CVS, and sleep quality. Methods. A cross-
sectional study including undergraduate students was conducted in Ghana between January–March 2020. Information on digital
device use and CVS symptoms was collected using a structured questionnaire. Sleep quality was assessed using the Pittsburgh
Sleep Quality Index (PSQI). Logistic regression was used to determine the relationship between CVS and digital device use
behavior, and linear regression analysis was used to explore the association between sleep quality and digital device use behavior.
Statistical significance was set at p< 0.05. Results. Mean (SD) age of participants was 20.95 (1.68) years and most (54.97%) of them
were females. ,e prevalence of CVS was 64.36%. Factors associated with CVS included hours of digital device use per day
(OR� 4.1, p< 0.001), years of digital device use (OR� 3.0, p< 0.001), adjustment of digital device screen contrast to the sur-
rounding brightness (OR� 1.95, p � 0.014), and presence of glare (OR� 1.79, p � 0.048). Prevalence of poor sleep quality was
62.43%. ,ere was a significant association between poor sleep quality and number of years participants had used a digital device
(p � 0.015) and the number of hours they used a digital device per day (p � 0.005). Conclusion. ,ere is a high prevalence of both
CVS and poor sleep quality among undergraduate students in Ghana. ,is represents a significant public health issue that
needs attention.

1. Introduction

Computer vision syndrome (CVS) is a cluster of eye and
vision problems experienced in relation to, or during, the use
of digital devices. Symptoms of CVS include but are not
limited to headaches, blurred vision, double vision, eye
strain and fatigue, teary eyes, sensitivity to light, burning
sensation, and ocular surface dryness [1]. ,e public health
significance of CVS cannot be overstated and demands the
attention of researchers, clinicians, and policy makers.
Computer vision syndrome is the leading occupational
hazard of the twenty-first century, and its symptoms affect
63%–89% of computer users depending on the population
studied [2–6]. Approximately 60 million computer users

globally suffer from CVS, with nearly one million new cases
diagnosed each year [7, 8]. Computer vision syndrome
reduces work efficiency and productivity, causing increased
work errors and reduced job satisfaction [9]. Symptoms of
CVS can have ocular etiologies such as uncorrected re-
fractive errors, accommodative dysfunction, and binocular
vision abnormalities [10] or ergonomic etiologies such as
poor sitting position, improper viewing distance and angle,
poor display resolution and contrast, poor lighting, and
imbalance between display and environmental lighting
[11–13].

,e effect of prolonged digital device use on sleep has
now become a concern [14]. Prolonged digital device use
results in significant reduction in sleep amount and quality
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[15, 16]. Inadequate sleep is associated with poor work and
school performance, reduced productivity, lack of energy,
higher risk of weight gain, and depression [17]. One im-
portant factor influencing sleep quality in the twenty-first
century is the use of digital devices [15, 16]. Digital device
use, especially at night, has been shown to impair sleep and
reduce sleep quality [18]. Use of digital devices disrupts the
circadian rhythm by suppressing the release of melatonin, a
sleep-inducing hormone. While light of any kind or white
light in general can suppress melatonin secretion, this is
principally attributed to the amount of blue light emitted by
digital devices [15].

University students constitute a population with massive
use of digital devices especially computers and smartphones.
Although over 80% of university students in Ghana own and
use a laptop or desktop computer [19, 20], there is no
available data on CVS among university students in Ghana
and Africa at large. Moreover, sleep quality is expected to be
poorer in students with heavy digital device use [21]. Poorer
sleep quality will be especially detrimental to university
students as sleep plays an essential role in memorization,
concentration, and learning processes [22]. No attempt has
yet been made to examine the relationship between digital
device use and sleep quality among undergraduates in
Africa.,e aim of the current study was to examine CVS and
its association with sleep quality among an undergraduate
population in Ghana.

2. Methods

,is study was a cross-sectional study conducted in Kwame
Nkrumah University of Science and Technology (KNUST),
Ghana, between January–March 2020. Kwame Nkrumah
University of Science and Technology is a public university
located in Kumasi, in the Ashanti region.

2.1. Sample Size and Sampling. Sample size was calculated
using the formula

n �
N∗X

(X + N − 1)
,

X �
Z
2
α/2 ∗p∗ (1 − p)

d
,

(1)

where n represents the sample size, N is the population size,
Zα/2 is the critical value at α/2, d is the margin of error, and p
is the sample proportion.,e prevalence of CVS reported by
Dessie et al. [23] (69.5%) was chosen as the sample of
proportion. Assuming a design effect of 1.5, the calculated
sample size was 326. Allowing for 20% spoilt data, the final
sample size was 391.

,ere are six halls of residence in KNUST (University
Hall, Unity Hall, Africa Hall, Republic Hall, Independence
Hall, and Queens Hall). For each hall of residence, 33
rooms were randomly selected by balloting. Simple ran-
dom sampling was then used to select two of four oc-
cupants of each room for participation in the study. Sixty-
five (65) participants were recruited from all halls of

residence, except the Unity Hall, where 66 participants
were recruited. All participants were students of KNUST.
All questionnaires were self-administered by participants.
Participants of all ages were included. Only individuals
who use electronic/digital devices were included in the
study. Individuals with any diagnosed ocular disease and
coffee takers (consuming coffee ≥3 days/week) were ex-
cluded from the study.

2.2. Questionnaires. Participants’ sociodemographic data
and symptoms of CVS and associated factors were ob-
tained using a modified form of the study-specific ques-
tionnaire used in the study by Aseefa et al. [4]. Diagnosis
of CVS was defined as the presence of two or more
symptoms experienced during or after prolonged digital
device use over the immediate past month. For this study,
digital device use was defined as laptop, desktop, and
tablet use. Every item on the questionnaire was explained
to participants by members of the research team. ,e
Pittsburgh Sleep Quality Index (PSQI) is a self-admin-
istered questionnaire that assesses the quality of sleep over
a one-month period. ,e PSQI is a validated and reliable
questionnaire for assessing sleep quality in both research
and clinical settings [24]. ,e PSQI assesses seven com-
ponents of sleep. ,e PSQI components are subjective
sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbance, use of sleep medication, and
daytime dysfunction. All components are scored on a 0–3
scale. A global PSQI score (in the range 0–21) is obtained
from the sum of the seven components. Lower global
PSQI score indicates good/healthier sleep quality and high
PSQI indicates poor sleep quality [24]. For this study,
global PSQI score ≤5 was classified as “good sleep quality,”
and global PSQI score >5 was classified as “poor sleep
quality” [24].

2.3. Ethical Consideration. Written informed consents were
obtained from all participants prior to their participation in
the study. All study protocols complied with the tenets of the
Declaration of Helsinki. Approval for the study was obtained
from the Institutional Review Committee of Kwame
Nkrumah University of Science and Technology.

2.4. Statistical Analysis. Data was analyzed with Statistical
Package for Social Sciences (SPSS) software version 25.0.
Mean, standard deviation, and percentages were used to
describe data, where appropriate. Binary logistic regression
analysis was performed to determine the relationship be-
tween CVS and participant characteristics and digital device
use behavior, and linear regression analysis was used to
explore the association between the global PSQI, its indi-
vidual components and years of digital device use, and
digital device use per day (hours). Chi-square test was
conducted to examine association between CVS and sleep
quality. At 95% confidence interval, p≤ 0.05 was considered
statistically significant.
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3. Results

A total of 391 individuals participated, with 362 valid data
obtained. Table 1 provides a summary of participants’
characteristics. ,e majority (54.97%) of the participants
were females. ,e mean (SD) age of participants was 20.95
(1.68) years.

3.1.DigitalDeviceUseBehavior. Table 2 provides a summary
of the digital device use behavior of study participants. ,e
majority (60.22%) of participants had been using digital
device for ≥5 years. Approximately three-fourth (72.38%)
spent three hours or more on the digital device per day.

3.2. ComputerVision Syndrome. ,e prevalence of CVS was
64.36% (95% CI: 59.2%–69.3%). Table 3 provides a sum-
mary of the frequency of CVS according to participant
characteristics and digital device use behavior. ,e most
common symptoms reported were teary eyes (40.06%), eye
fatigue (35.36%), and eye strain (34.81%). A summary of
the symptoms reported by participants is presented in
Figure 1.

After adjusting for the effects of age, gender, and
habitual bedtime smartphone use, multiple binary logistic
regression revealed that the following factors were sig-
nificantly associated with CVS: years of digital device use
(OR � 3.0, 95% CI: 2.12–4.01, p< 0.001), digital device use
per day (hours) (OR � 4.1, 95% CI: 3.16–6.27, p< 0.001),
frequent breaks during digital device use (OR � 0.51, 95%
CI: 0.27–0.81, p � 0.02), adjustment of digital device
screen contrast to surrounding brightness (OR � 1.95 95%
CI: 1.37–5.12, p � 0.02), glare experience (OR � 1.79, 95%
CI: 1.21–3.17, p � 0.04), and spectacle wear (OR � 0.46,
95% CI: 0.36–0.92, p � 0.01).

3.3. Sleep Quality and Digital Device Use. ,e overall mean
(SD) global PSQI was 6.49 (2.75). ,e mean (SD) score for
subjective sleep quality was 0.92 (0.69); sleep latency, 1.65
(1.12); sleep duration, 1.57 (0.67); habitual sleep deficiency,
0.63(0.45); sleep disturbance, 1.04 (0.4); use of sleep med-
ication, 0.12(0.03); daytime dysfunction, 0.58 (0.29). Table 4
gives a summary of the global PSQI and score on the in-
dividual component with years of digital device use and
duration of digital device use per day.,e prevalence of poor
sleep quality among participants was 62.43% (95% CI:
57.2%–67.4%). After controlling for age, gender, BMI, and
habitual bedtime smartphone, multiple binary logistic re-
gression analysis revealed that “years of digital device use”
was associated with poor overall sleep quality (p � 0.02),
poor subjective sleep quality (p � 0.001), higher sleep latency
(p � 0.01), sleep disturbance (p � 0.004), and daytime dys-
function (p � 0.001). Digital device use per day was also
associated with poor overall sleep quality (p � 0.005), poor
subjective sleep quality (p � 0.001), higher sleep latency
(p � 0.003), shorter sleep duration (p � 0.02), and habitual
sleep efficiency (p � 0.005).

3.4. ComputerVision Syndrome and SleepQuality. ,emean
(SD) PSQI score among participants with CVS was 7.09
(2.81) and without CVS was 5.89 (2.67). ,e prevalence of
poor sleep quality among participant with CVS was 67.24%
and without CVS was 54.62%. ,e chi-square test revealed a
significant association between CVS and sleep quality
(Pearson’s chi-square� 5.68, p � 0.02).

4. Discussion

To the best of the authors’ knowledge, the current study is
the first study assessing digital device use, computer vision
syndrome, and sleep quality among any African population.
,e prevalence of CVS in the current study was 64.36%.
Other studies have reported prevalence of CVS ranging from
63% to 89% in various populations [3–6]. Eye fatigue and eye
strain were the common CVS symptoms reported in the
study. ,is is consistent with reports from similar studies
[4–6]. Prolonged accommodation and convergence on close
objects such as a digital device screen put strain on the visual
system leading to visual discomfort including eye fatigue and
eye strain [25]. Additionally, frequently changing focus from
digital devices to printed material or changing focus from
one digital device to another can put strain on the visual
system, leading to reports of eye fatigue and eye strain
[25, 26].

Consistent with reports from similar studies in Ethiopia
[4] and India [27], there was a significant association between
taking less frequent breaks from digital device use and CVS
symptoms. Working on digital devices without taking breaks
forces the eye to maintain focus for long leading to visual
fatigue and symptoms of asthenopia [28]. ,is result is sig-
nificant to both clinicians and students because, with the
current COVID-19 pandemic, several universities moved
their lectures online and digital device usage among university
students worldwide is expected to increase. With almost all

Table 1: Characteristics of study participants.

Characteristics Frequency (%)

Gender Male 163 (45.03)
Female 199 (54.97)

Age (years)
≤20 147 (40.61)
21–25 206 (56.91)
26–30 9 (2.48)

BMI (kg/m2)
18.5–24.9 268 (74.03)
25.0–29.9 79 (21.82)
≥30.0 15 (4.14)

Bedtime smartphone use Yes 279 (77.07)
No 83 (22.93)

Year of college

1st 31 (8.56)
2nd 92 (25.41)
3rd 86 (23.76)
4th 153 (42.27)

Spectacle use Yes 177 (48.90)
No 185 (51.10)

Purpose of spectacle wear
General purpose 122 (68.93)
Digital device use 37 (20.90)
Other purpose 18 (10.17)
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students taking classes online, the average amount of time
spent on digital devices is expected to increase. ,is has the
potential to cause an increase in the prevalence and severity of
CVS in these populations. For some of these people, symp-
toms of CVS can lead to reductions in quality of life and work
productivity [9]. Additionally, this study found that partici-
pants who adjusted screen brightness to suit the surrounding
lighting conditions had higher odds of reporting symptoms of
CVS. While this initially seems counterintuitive, it is im-
portant to note that the need to adjust digital device screens to
the lighting conditions implies that the lighting condition is

inadequate. While adjustments to the digital device screen are
helpful, it does not fully eliminate the problems associated
with inadequate lighting [7]. Lighting conditions can cause
visual discomfort and symptoms of CVS through uneven
illumination, reflections off the digital device screen, and
discomfort glare. [1] Glare and digital device screen reflection
can also lead to reduction in the contrast of the digital device
display, degrade the image seen on the screen, and exacerbate
visual discomfort. In the current study, wearing spectacles
(glasses) was associated with lower odds of developing CVS
symptoms. Properly prescribed spectacles can help reduce eye

Table 3: CVS by participant characteristics and digital device use behavior.

Participants characteristic CVS frequency (%)

Gender Male 102 (62.58)
Female 131 (65.83)

Age
≤20 95 (64.63)
21–25 134 (65.05)
26–30 4 (44.44)

Year of college

1st 17 (54.84)
2nd 61 (66.3)
3rd 59 (68.6)
4th 96 (62.75)

Years of digital device use
<5 50 (36.23)
5–10 76 (80)
>10 107 (82.95)

Digital device use per day (hours)
<3 37 (36.64)
3–6 106 (70.2)
>6 90 (81.82)

Frequent break during digital device use Yes 168 (61.09)
No 65 (74.71)

Digital device brightness/contrast adjustment Yes 188 (63.51)
No 45 (66.18)

Anti-glare device use Yes 34 (68.0)
No 199 (63.78)

Table 2: Digital device use behavior of study participants.

Digital device use behavior Frequency (%)

Years of digital device use
<5 144 (39.78)
5–10 91 (25.14)
>10 127 (35.08)

Duration of digital device use per day (hours)
<3 100 (27.62)
3–6 152 (41.99)
>6 110 (30.39)

Breaks during digital device use Yes 275 (75.97)
No 87 (24.03)

Length of break (minutes) <20 148 (53.82)
>20 127 (46.18)

Voluntary blinks during digital device use Yes 201 (55.52)
No 161 (44.48)

Digital device brightness/contrast adjustment Yes 296 (81.77)
No 66 (18.23)

Glare experience Yes 126 (34.81)
No 236 (65.19)

Antiglare device use Yes 50 (13.81)
No 312 (86.19)
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strain and visual fatigue, especially on digital devices [29, 30].
Contrary to the finding in the current study, a similar study
[4] reported increased odds of CVS development in spectacle
wearers. ,e general explanation given by these studies was
that participants might not have been wearing correct
prescriptions.

,e impact of digital device use on sleep quality is
increasingly becoming a concern. With increasing tech-
nological advancement and shift to a digital world, digital
devices have become a necessary and integral part of our
day-to-day life. ,e majority (62.43%) of the participant in
the current study had poor sleep quality. ,is is similar to
results from other studies reporting negative effects of
excessive digital device use on sleep quality in college
students and other populations [15, 18]. Exposure to digital
device screen light can disturb an individual’s circadian
rhythm [31]. A study in Australia [32] also reported strong
associations between high amount of digital device use and

general sleep problems. Although a significant association
between digital device use and sleep quality was observed in
the current study, it is important to acknowledge that this
does not prove that digital device use is the direct cause of
the poor sleep quality. Other factors such as daily stress [33]
and poor sleeping conditions [34] could have possibly
contributed to the poor sleep quality observed in this study.
,e current study also revealed a significant association
between sleep latency and both years of digital device use
and digital device use per day (hours). Participants with
longer years of digital device use and longer hours of digital
device use in a day tend to have prolonged sleep latency. A
known explanation for the prolonged sleep latency with
digital device and other digital device use is the emission of
blue light from these devices. Blue light is known to
suppress the release of melatonin, a sleep-inducing hor-
mone from the pineal gland, leading to the prolonged sleep
latency [31].

Table 4: PSQI total and individual component score with years of digital device use and duration of digital device use per day.

Years of digital device use Digital device use per day (hours)
<5 5–10 >10 <3 3–6 >6

Mean (SD) Mean (SD) Mean (SD) p value Mean (SD) Mean (SD) Mean (SD) p value
Global PSQI 5.63 (2.42) 6.59 (2.35) 7.40 (3.07) <0.001 5.59 (2.29) 6.26 (2.35) 7.63 (3.24) <0.001
Subjective sleep quality 0.8 (0.62) 0.84 (0.62) 1.13 (0.78) 0.001 0.77 (0.53) 0.87 (0.55) 1.14 (0.67) 0.256
Sleep latency 1.40 (1.20) 1.64 (1.21) 1.94 (1.59) 0.01 1.4 (1.1) 1.50 (1.19) 2.07 (1.58) 0.003
Sleep duration 1.48 (0.83) 1.59 (0.69) 1.65 (0.75) 0.261 1.42 (0.85) 1.57 (0.77) 1.70 (0.67) 0.02
Habitual sleep deficiency 0.56 (0.61) 0.63 (0.60) 0.71 (0.89) 0.811 0.47 (0.34) 0.58 (0.47) 0.85 (0.73) 0.005
Sleep disturbance 0.94 (0.53) 1.05 (0.50) 1.13 (0.44) 0.004 1.00 (0.55) 1.03 (0.46) 1.08 (0.49) 0.638
Use of sleep medication 0.11 (0.34) 0.15 (0.22) 0.1 (0.26) 0.893 0.09(0.08) 0.11 (0.09) 0.15 (0.09) 0.613
Daytime dysfunction 0.35 (0.45) 0.69 (0.62) 0.76 (0.55) 0.001 0.46 (0.34) 0.62 (0.50) 0.65 (0.54) 0.825
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Figure 1: Summary of CVS symptoms reported by study participants.
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Another significant finding in the current study was the
reduction in sleep duration with increased hours of digital
device use per day. ,ere was also a reduction in sleep
duration with increasing years of digital device use. Dif-
ferent studies have reported the effects of excessive screen
time, internet addiction, and bedtime digital devices use on
sleep duration. A study in Taiwan [18] evaluating the re-
lationship between digital device use (internet addiction)
and sleep quality in college students reported decreasing
sleep duration with increasing internet addiction, thus
increasing digital device use and screen time. Habitual
sleep efficiency was also significantly associated with digital
device use per day (hours). Increased hours of digital device
use per day were associated with decreased habitual sleep
efficiency. Similar association between digital device use
and sleep efficiency was reported by Fobian et al. [35] in
their study on the impact of digital media use on adolescent
sleep efficiency. It is not surprising that increased hours of
digital device use decrease habitual sleep efficiency. Con-
sidering the significant reduction in sleep duration and
prolonged sleep latency, it was expected that increased
digital device use per day would affect the efficiency of
habitual sleep.

,ere also was a significant relationship between sleep
disturbance and years of digital device use. ,e PSQI sleep
disturbance component measures sleep interference such as
waking up in the middle of the night, feeling too cold or hot,
coughing, troubled breathing, and having bad dreams with a
high score indicating discomfort or physical impairment of
sleep. It is important to acknowledge that these disturbances
to sleep might not be a direct effect of digital device use or
screen time. However, the effect that digital device use has on
the body’s physiology could result in physical discomfort.
,ese physical discomforts and their resultant sleep dis-
turbance are of concern as they can affect academic and
work performance. Furthermore, there was a significant
association between years of digital device use and daytime
dysfunction. Although not significant, increasing digital
device use per day was associated with increasing daytime
dysfunction. A study in Singapore [36] reported a significant
association between digital device use in the form of social
media (at both daytime and nighttime) and daytime dys-
function (daytime sleepiness), where an increase in social
media use was associated with an increase in daytime
sleepiness.

A limitation of the current study is that the time of day
participants actively use digital devices was not assessed.
Assessing the time of the day participants mostly use
digital devices would provide an opportunity to analyze if
the effects of digital device use on sleep quality depend on
the time (day vs. night) of active digital device use, as
almost all studies on the topic have concentrated on
digital device use at bedtime. ,is, however, does not
significantly impact the strength of the study as both
daytime and nighttime use of digital devices have shown
to impact the overall sleep quality, sleep latency, and sleep
duration [37]. Moreover, the study did not assess if the
spectacles prescriptions used by participants were up-to-
date and if that had any effect on experiencing CVS.

Furthermore, this study employed questionnaires which
required participants to self-report information about
their digital device use and sleep. ,is might have been
subject to recall bias.

In future studies, there would be a need to assess if
spectacles worn by participants contained their optimal
refractive corrections or had features adapted for digital
device use such as antireflective coatings and how it affects
their experience of CVS.

5. Conclusion

In conclusion, there is a high prevalence of both CVS and
poor sleep quality among undergraduate students in Ghana.
,is represents a significant public health issue that needs
attention.

Data Availability

,e data can be obtained from the corresponding author
upon request.
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