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Abstract: Strict lockdown measures were implemented to prevent the spread of COVID-19, which increased the reliance
on digital electronic devices in the performance of daily living activities. The extensive use of digital devices was
associated with the development of digital eye strain (DES) symptoms, which is more prevalent in contact lens (CL)
wearers. This study aimed to investigate the number of hours spent on digital devices and the incidence of associated
symptoms in CL wearers during a 24-h lockdown. This cross-sectional study used a self-reported questionnaire to obtain
the following data: a) demographic information, b) CL wear profile, ¢c) CL wear during the lockdown, d) total number of
hours spent on digital devices, and e) 15 DES-related symptoms. A total of 82 CL wearers (29.6 + 10.8 years; 88%, female)
were recruited. The median total number of hours spent on digital devices during the lockdown was 10. The number of
hours spent on smartphones significantly increased during the lockdown compared to that before the lockdown (5.5 VS 7
hours; p = 0.000). DES was reported in 83% of participants. The most common reported symptoms were eye strain (50%),
dryness (48%), and headache (40%). The majority of participants (56%) continued wearing their CL during the lockdown.
The incidence of DES was significantly higher in participants who were highly engaged with digital devices compared to
the less engaged participants during the lockdown (p = 0.001). Prolonged use of digital devices increases the risk of
DES-related symptoms in CL wearers. Intervention strategies for CL wearers may be important in optimizing the use of
digital devices and decreasing the risk of DES-related symptoms.
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1. Introduction

In March 2020, the World Health Organization
announced the outbreak of coronavirus disease 2019

the spread of the virus. These measures included flight
suspension, lockdown enforcement, distance learning

(COVID-19) as a global pandemic, which first reported at
the end of 2019 in Wuhan, China. The pathogen of
COVID-19 is a new member of the Coronaviridae family,
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1], which is believed to be transmitted
through respiratory droplets [2]. The infection could be
transferred by direct contact with patients with COVID-19
or indirectly — by contact with contaminated objects
followed by touching the face and eyes [2]. The pandemic
forced many countries to implement strict rules to prevent

implementation, and work-from-home regulations. Hence,
the motto of the COVID-19 period was “Stay at Home.” A
frequently used phrase to encourage individuals to stay
home to practice social distancing and limit outdoor
activities to the essential needs (i.e., groceries and
pharmacies). Similar to many governments, the Saudi
Arabian government implemented extreme precautionary
measures to mitigate the rapid spread of the disease. A
nationwide partial lockdown was established and then
tightened to a 24-h lockdown across the kingdom, which
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lasted 91 and 21 days, respectively.

Home quarantine caused individuals to rely on their
electronic digital devices to accomplish work and school
tasks and entertainment activities. Electronic digital devices,
such as televisions, smartphones, tablets, and computers, play
a major role in our modern society. As a result of the
mandatory indoor living, individuals were more reliant on
electronic devices for study, work, and nonvocational
activities. Therefore, the tendency to spend more time using
digital devices is expected to increase during the lockdown.
Indoor activities are arguably limited to short distances
compared to outdoors. Hence, the extensive increase in the
use of digital devices may have caused individuals to develop
ocular discomfort.

Digital eye strain (DES) is characterized by several ocular
and visual symptoms resulting from prolonged use of
electronic devices [3]. The most common symptoms are eye
strain, blurred vision, headache, and dry eyes. The American
Optometric Association recommends several solutions to
alleviate DES-related symptoms, including (1) following the
20-20-20 rule, which is resting for 20 s by viewing a target
20 ft away every 20 min [3], (2) use of lenses that meet the
required visual demand, and (3) proper body positioning for
computer use [3]. Moreover, DES-related symptoms are not
limited to the eyes and vision. They include symptoms on
other body parts, such as neck and shoulder pain. Several
studies reported that the prevalence of DES ranges from 50%
to 90% among different populations [4-8] and is higher
among contact lens wearers compared to non-contact lens
wearers [9, 10, 6, 11]. The proportion of contact lens wearers
in Saudi Arabia varies in the current literature from 40% to
70% [12, 13]. As evidence suggests the negative effects of
DES on contact lens wearers, there is a need to understand
the possible impact of the precautionary measures of the
COVID-19 pandemic on the development of DES in contact
lens wearers. This study aimed to assess changes in the
number of hours of digital devices use during the lockdown
and investigate DES-related symptoms in contact lens
wearers.

2. Methods
2.1. Setting

This study adopted an observational, cross-sectional design
and was conducted in Saudi Arabia during the 24-h lockdown
due to the COVID-19 pandemic. Adult contact lens wearers
who were aged >18 years and residents of Saudi Arabia who
were present during the 24-h lockdown were included in the
study. The snowball sampling method was used in the
recruitment. Participants were contacted via social media
(Twitter, LinkedIn, and WhatsApp) using an online
questionnaire that was prepared using Google Forms.

2.2. Data Collection

A self-administered online questionnaire was used to
collect the data. The questionnaire was divided into five parts:

(1) demographic information and questions on the types of
digital devices, use of lubricating drops, and awareness and
practice of the 20-20-20 rule; (2) contact lens type and
replacement frequency, continuation of contact lens use
during the lockdown, and reasons for discontinuation; (3) time
spent on using digital devices; (4) scheduled breaks during
computer use and their frequency and length; and (5) 15
DES-related symptoms [4, 5, 14, 6, 8]. The duration of digital
device use was assessed by asking participants to access the
screen-time feature on their smartphones and report the
average daily hours of use during and before the lockdown
period. They were also asked to estimate the number of hours
spent using the computer. Finally, they were asked to report
the total number of hours spent on using digital devices on a
daily basis.

DES-related symptoms were assessed by asking contact
lens wearers to report if they feel any of these symptoms
during the lockdown compared to before the lockdown. The
answers followed a 4-point Likert scale ranging from not
applicable, less than before, same as before, to more than
before. DES was confirmed for study participants who
complained of at least one or more DES-related symptoms
during the lockdown compared to that before the lockdown.
Twenty volunteers piloted the questionnaire before it was
dismissed to the public. Volunteers’ responses were excluded
from the final sample. The time required to complete the
questionnaire was approximately 10 minutes. The
questionnaire design accepted only complete responses, which
made the risk of missing data minimal. However, responses
that had clear logical errors or duplicates were excluded from
the final sample. This study followed the tenets of the
Declaration of Helsinki and was approved by the Ethics
Committee of King Saud University (E-20-4802). Informed
consent was obtained electronically from all participants
before the study enrolment.

2.3. Statistical Analysis

Descriptive analysis was performed, and data were
presented as frequencies and percentages (%) for
categorical variables. Normality was tested using the
Kolmogorov—Smirnov test. The Wilcoxon signed-rank test
was performed to interpret the difference in the hours of
smartphone use before and during the lockdown. The
engagement level with digital devices was classified into
two groups: (1) highly-engaged for participants who
reported being employed or students, (2) less-engaged for
participants who reported being unemployed. Chi-squared
test were used to investigate the association between the
engagement level and the incidence of DES. The incidence
of DES was considered if at least one or more symptoms
were reported. Statistical analysis was performed using
SPSS 27 (IBM, Chicago, IL, USA), and graphs were
generated using GraphPad Prism 8.4.3 (GraphPad Software,
San Diego, USA). A P-value < 0.05 indicated statistical
significance.
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3. Results

3.1. Participants' Sociodemographics

The study included 82 contact lens wearers, of which 88%
were female. The age ranged from 18 to 60 years. In terms of
education, the study sample consisted of high schoolers (n=12;
14%), diploma holders (n=6; 7%), graduates (n=48; 59%), and
postgraduates (n=16; 20%), of which only 15% (n=12) were
unemployed. Participants’ sociodemographic data are
presented in Table 1. Interestingly, only 24 participants were
aware of the 20-20-20 rule, of which five participants reported
frequently practicing it, whereas 15 participants reported
occasionally practicing it.

Table 1. Participants’ sociodemographic characteristics.

Table 2. Participants’ digital device use.

Mean age in years (SD) 29.6 (10.8)
Sex (%)

Female 72 (88)
Male 10 (12)
Education (%)

Postgraduate 16 (20)
Graduate 48 (59)
Diploma 6 (7)
High school 12 (14)
Employment status (%)

Employed/student 70 (85)
Unemployed 12 (15)
Use of lubricating drops (%)

Yes 53 (65)
No 29 (35)
20-20-20 rule awareness (%)

Yes 24 (29)
No 58 (71)
20-20-20 practice (%)

Yes 5(21)
No 4(17)
Sometimes 15 (62)
Mean age in years (SD) 29.6 (10.8)
Sex (%)

Female 72 (88)
Male 10 (12)
Education (%)

Postgraduate 16 (20)
Graduate 48 (59)
Diploma 6 (7)
High school 12 (14)

Median smartphone hours before lockdown (IQR) 5.54)
Median smartphone hours during lockdown (IQR) 7(5)
Median all digital device hours during lockdown (IQR) 10 (7.25)
Use of digital devices (%)

Smartphone 82 (100)
Computer 47 (57)
TV 29 (35)
Videogame consoles 12 (15)
Tablet 10 (12)
Number of digital devices used (%)

1 23 (28)
2 35 (43)
3 13 (16)
4 10 (12)
5 1(1)

The use of a computer for work purposes was reported by
73% (60/82) of participants. The median number of hours of
computer use during the lockdown was 6 h and ranged from
1 to 20 h daily. The majority (67%) of computer users stated
that they do take breaks while working; however, (22%)
revealed that these breaks were taken after > 60 min of
continuous work. Table 3 shows the characteristics of
computer use.

Table 3. Computer use and break profiles.

Median computer hours (range) 6 (1-20)
Use of computers for work (%)

Yes 60 (73)
No 10 (12)
Computer breaks (%)

Yes 55 (67)
No 15 (18)
Break frequency (%)

Every 15 min 11 (13)
Every 20 min 8 (10)
Every 30 min 8 (10)
Every 60 min 10 (12)
Every > 60 min 18 (22)
Median break length in minutes (range) 15 (1-60)

3.2. Digital Device Use

The majority of study participants used two or more digital
devices (n=59; 72%) on a daily basis. The devices most
commonly used by the participants were smartphones (n=82,
100%), followed by computers (n=47, 57%) and televisions
(n=29; 35%), whereas the least commonly used devices were
videogame consoles (n=12; 15%) and tablets (n=10; 12%)
(Table 2). The number of hours of digital devices use was not
normally distributed (p > 0.05) (Table 2), and nonparametric
tests were employed. There was a significant increase in the
number of hours of smartphone use before and during the
lockdown (p = 0.000) (Table 2).

3.3. Contact Lens Wear Profile

Of the 82 participants, 68 (82.9%) and 3 (3.7%) were soft
contact lens and rigid gas-permeable contact lens users,
respectively. Only one participant used scleral contact lenses
(1.2%), and the remaining participants (n=10; 12.2%) used
other types.

The frequency of replacements of the contact lenses worn
by participants widely varied. The majority of participants
wore one-day disposables and one-month replacement soft
contact lenses (24/82 [29%] and 22/82 [27%], respectively).
The complete results of contact lens replacement frequencies
are shown in Figure 1.

Less than half of the study participants (n=36; 44%)
reported that there was a reduction in contact lens wear during
the lockdown. The most common attributes of that reduction
are presented in Figure 2.
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Figure 1. Contact lens replacement frequencies.
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Figure 2. Reasons for cessation of contact lens use during the lockdown.

3.4. DES-related Symptoms

The incidence of DES in the study participants was 83%.
Among the 15 DES-related symptoms included in the survey,
eye strain (50%), dryness (48%), and headache (40%) were
the most common symptoms reported during the lockdown. In
contrast, the least common DES-related symptoms were
double vision (11%) and foreign body sensation (12%).
Participants’ responses to all investigated DES-related
symptoms are shown in Table 4.

A subsequent analysis was conducted to investigate the
incidence of DES in participants who reported that they
continued wearing their contact lenses compared to
participants who ceased contact lens wear during the
lockdown period (87% vs 77.8%, respectively). The response
for self-reported symptoms of participants who continued to
wear their contact lenses during the lockdown was similar to
the whole group with the top three reported symptoms eye
strain (57%), dryness (54%), and headache (48%).

The association between the engagement level with digital
devices and DES-incidence was conducted by chi-squared tests.
The highly and less engaged groups had 91% vs 9% incidence of
DES, respectively. The high-engagement with digital devices
was significantly associated with the incidence of DES for
contact lens wearers during the lockdown period (p = 0.001).

Table 4. Responses of DES-related self-reported symptoms during the 24-h lockdown (n = 82).

DES symptoms N/A Less than before Same as before More than before
Eye strain 20% 6% 24% 50%
Dryness 21% 2% 29% 48%
Headache 27% 11% 22% 40%
Excessive blinking 38% 0% 27% 35%
Itchiness 34% 10% 24% 32%
Blurred vision 54% 2% 16% 28%
Burning sensation 43% 4% 27% 27%
Difficulty focusing 45% 2% 29% 23%
Tearing 46% 11% 22% 21%
Heavy eyelids 49% 5% 27% 20%
Sensitivity to bright light 48% 4% 30% 18%
Eye redness 51% 5% 30% 13%
Eye pain 59% 4% 26% 12%
Foreign body sensation 72% 0% 16% 12%

4. Discussion

The COVID-19 pandemic forced societies to make
significant adjustments to their daily routines. Strict lockdown
rules substituted work, school, and entertaining face-to-face
social interactions with virtual ones, which necessitate the use
of digital devices. The results of the current study indicated
that the use of digital devices significantly increased during
the lockdown, where most contact lens wearers develop
DES-related symptoms.

The median number of hours of smartphone use
significantly increased during the lockdown to that before the
lockdown (7 vs 5.5). The median number of hours spent on all
devices during the lockdown was 10. Similarly, a recent study
revealed that the average use of digital devices during a
lockdown in Saudi was 10.2 h [15]. The level of engagement

with digital devices was associated with the incidence of DES.
Most study participants (85%) were employed or students.
Therefore, they were more prone to using digital devices to
perform work-related tasks. The vast majority of participants
used two or more digital devices on a daily basis; the use of
more than one device has been reported to increase the risk of
DES-related symptoms [16, 17].

It is worth noting that the median number of hours spent on
smartphones (7 h) was more than the median time spent on
computers (6 h) and more than half of the total number of hours
spent on all devices (10 h). The observed increase in hours of
smartphone use could be attributed to their ease of use and
increased access to social media and/or communication with
friends/family. Additionally, individual preferences play a
major role in the selection of devices, whereby the majority of
virtual educational platforms and professional meeting
applications can be accessed using smartphones.
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The pandemic’s lockdown resulted in intensive use of
digital devices, and as a result, DES was reported by 83% of
contact lens wearers. Several studies have associated DES
with prolonged use of digital devices [15, 18-20], and some
studies revealed a greater impact on contact lens wearers
compared to non-contact lens wearers [6, 21-24]. Eye strain
and dryness were the most common symptoms in contact lens
wearers during the lockdown period (50% and 48%,
respectively). These results are similar to those of other
studies that evaluated contact lens wearers’ DES-related
self-reported symptoms and use of digital devices. Eye strain
is the most common symptom in other studies [15, 19, 25, 26].
Tauste et al. [6] compared DES-related symptoms in contact
lens wearers and non-contact lens wearers and reported that
the most common symptom was dryness, which was reported
by 73% of contact lens wearers, compared to 36% of
non-wearers. Moreover, Uchino et al. [22, 24] investigated dry
eye disease (DED) in the Japanese population and assessed
several factors that are associated with DED. The results of
their studies showed that contact lens wearers were at a higher
risk of developing DED compared to non-contact lens wearers
and observed a higher prevalence of DED in contact lens
wearers who use digital devices than non-contact lens wearers
[22]. Dry eye and visual symptoms increase with the duration
of computer use in contact lens wearers compared to
non-wearers, where environmental factors trigger these
symptoms, as reported by Kojima et al. [23]. Dryness is a
major contributor to DES [27, 22, 23] and may be more
prevalent and aggravated with environmental conditions, such
as climate temperatures and humidity levels, use of
air-conditioned environments, and exposure to smoke and
dust [21, 23, 27, 28]. The extremely hot, dry climate (in most
regions) in Saudi Arabia necessitates the use of air
conditioners, where studies have shown that these factors
contribute to the development of dry eyes, especially in
contact lens wearers [21, 29, 30]. The remaining symptoms
have been reported in different percentages across different
studies [6, 21]. This might be due to the variant methods,
samples, and objectives between studies. However, these
comparisons should be interpreted with caution because of the
different questionnaires used across studies. Furthermore, this
study was conducted at a unique time (24-h lockdown), which
may not be easy to replicate, explaining the high use of digital
devices and increase in DES-related symptom complaints
compared to those in previous studies.

Although the hours were extended to 20 h/day for some
participants, yet only about a third of the study participants
(n=24) were aware of the 20-20-20 rule, of which only five
participants reported practicing it. Only 10% of participants
who used computers took a break every 20 min, while 44%
reported that they took a break every hour or more. Frequent
breaks assist in relaxing the accommodative system, which in
turn reduces DES-related symptoms [31, 27]. Public
education is needed on the consequences of infrequent breaks
during digital device use. Effective patient education
strategies provided by eye care practitioners to contact lens
wearers should emphasize the importance of practicing the

20-20-20 rule and the consequences of eye exhaustion.
Educational materials should be offered in the patients’
preferred format (verbal, pamphlet with illustrations, website,
or video). Eye care practitioners should provide verbal
education on the importance of scheduled breaks at every eye
appointment.

The prolonged use of digital devices reduces the blink rate,
which can lead to dry eyes [27, 32, 33]. Artificial tears were
recommended to relieve dryness symptoms and aid in eye
lubrication [31, 34]. It was determined that the use of artificial
tears could help decrease [31, 35], but not resolve [34], ocular
discomfort associated with digital device use. Although the
majority of participants (65%) reported using lubricating
drops, the rate of DES-related symptoms was still high.
However, with extensive digital device use, DES-related
symptoms may surpass the comforting effect of the lubricating
drops.

Reduced contact lens wear during the pandemic’s lockdown
was reported by 44% of the participants. These results are
similar to those of recent studies conducted in the UK and
Spain, which reported a decrease in contact lens wear during
the COVID-19 pandemic (72% and 46%, respectively) [36,
37]. In this study, the most common reason attributed to
decreased contact lens wear was the limited need for them
while staying at home (30%), which is consistent with the
results of similar studies [36, 37]. The reduced need for
contact lens wear during the lockdown could be because of the
desire for a better appearance while socializing or
participating in active sports, which were not possible during
the lockdown. In contrast, 10% reported contact lens wear
reduction due to fear of COVID-19. This fear may arise from
the recommendations and awareness campaigns to avoid
touching the face and eyes. It is essential to mention that, with
the currently provided evidence, there is no association found
between contact lens wear and risk of COVID-19 infection
[38]. However, several studies have reported the presence of
ocular manifestation during the course of COVID-19, which
cannot be ignored [39, 40]. Therefore, eye care practitioners
must assure contact lens wearers to comply with their contact
lens hygiene protocols, including hand washing and adherence
to contact lens replacement times, and cease the use of contact
lenses and consult their physicians when suspecting any
ocular infections [38]. Other reasons for contact lens wear
reduction during the lockdown were as follows: giving the
eyes a break (32%), using glasses instead (20%), saving
money (4%), and purchasing difficulties (3%).

The study limitations include the reliance on a self-reported
questionnaire. However, the questionnaire approach and lack
of objective measurements were a result of the enforcement of
a 24-h lockdown rule in Saudi Arabia. Moreover, the duration
of the cessation of contact lens wear during the lockdown was
not investigated, as it was not clear how long the lockdown
will last. This suggests that the cessation period may vary
between participants in that group. Furthermore, some
participants may have exaggerated the reporting of certain
symptoms and biased toward psychological effects due to the
lockdown. A notable strength of the study is the use of the
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“screen-time” feature in smartphones to measure the time
spent on using smartphones, which we believe to be more
accurate than participants’ estimates, which are recalled, or
records from diaries.

Eye care providers may have observed the increase in DES
cases than before the pandemic. To alleviate DES-related
symptoms, the American Optometric Association [4]
recommended several solutions to alleviate DES-related
symptoms, which include the following: 1) regular eye
examinations, 2) use of lenses that meet special visual
demands (e.g., computer glasses), and 3) environmental and
behavioral adjustments while using digital devices, such as a
proper distance from the screen, appropriate lighting, and
frequent breaks.

5. Conclusion

The present study revealed that, during the 24-h lockdown,
the hours spent on using digital devices significantly increased
for contact lens wearers. As a result, contact lens wearers
developed ocular and visual symptoms that are associated
with DES. The majority of participants demonstrate a low
level of knowledge of the 20-20-20 rule. The provision of
information and effective educational strategies should be
developed to increase awareness of the importance of regular
eye examinations and following the 20-20-20 rule to help
reduce DES-related symptoms.
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