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due to the prolonged use of digital electronic
devices. It is characterized by dry eyes, itch-
ing, foreign body sensation, watering, blurring
of vision, and headache. Non-ocular symp-

ABSTRACT

Digital eye strain (DES) is an entity encom-
passing visual and ocular symptoms arising
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toms associated with eye strain include stiff
neck, general fatigue, headache, and backache.
A variable prevalence ranging from 5 to 65%
has been reported in the pre-COVID-19 era.
With lockdown restrictions during the pan-
demic, outdoor activities were restricted for all
age groups, and digital learning became the
norm for almost 2 years. While the DES
prevalence amongst children alone rose to
50-60%, the symptoms expanded to include
recent onset esotropia and vergence abnor-
malities as part of the DES spectrum. New-
onset myopia and increased progression of
existing myopia became one of the most sig-
nificant ocular health complications. Manage-
ment options for DES include following
correct ergonomics like reducing average daily
screen time, frequent blinking, improving
lighting, minimizing glare, taking regular
breaks from the screen, changing focus to
distance object intermittently, and following
the 20-20-20 rule to reduce eye strain. Inno-
vations in this field include high-resolution
screens, inbuilt antireflective coating, matte-
finished glass, edge-to-edge displays, and
image smoothening graphic effects. Further
explorations should focus on recommenda-
tions for digital screen optimization, novel
spectacle lens technologies, and inbuilt filters
to optimize visual comfort. A paradigm shift is
required in our understanding of looking at
DES from an etiological perspective, so that
customized solutions can be explored accord-
ingly. The aim of this review article is to
understand the pathophysiology of varied
manifestations, predisposing risk factors, var-
ied management options, along with changing
patterns of DES prevalence post COVID-19.

Keywords: Accommodation; Convergence;
COVID-19; Digital eye strain; Digital
revolution; Online classes; Pre-COVID-19 era;
Smartphone

Key Summary Points

Digital eye strain has been an emerging
health care problem in recent times.

Online education and work from home
have become the new norms since the
beginning of the COVID-19 pandemic.

DES symptoms can be broadly divided
into ocular surface-related symptoms like
irritation/burning eyes, dry eyes,
eyestrain, headache, tired eyes, sensitivity
to bright lights, and eye discomfort.
Accommodation-related symptoms
include blurred near or distance vision
after computer use and difficulty
refocusing from one distance to another.

Recommendations to alleviate DES
include the correct ergonomic use of
digital devices, limiting daily screen time
to < 4 h, frequent breaks, screen time
tracking, blue-light filtering glasses with
antireflective coating, and an inclination
towards outdoor recreational activities.

INTRODUCTION

Technology has transformed every realm of our
lives in the information age, from healthcare to
education. The digital revolution, or the third
industrial revolution, commenced in the 1980s,
showing no signs of deceleration. Prompt
communication, extensive availability of infor-
mation, and most imperative, going paperless
or GO GREEN are various advantages. However,
every action comes with its opposite reaction,
and the digital revolution is no deviation from
this rule. As outlined by the American Opto-
metric association, digital eye strain encom-
passes a cluster of ocular and vision-related
problems attributed to prolonged usage of
desktops, laptops, mobile phones, tablets,
e-readers, and storage devices [1].
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The Digital Eye Strain Report of 2016, which
included survey responses from over 10,000
adults from the USA, identified an overall self-
reported prevalence of 65%, with females more
commonly affected than males (69% vs. 60%
prevalence) [2]. Its pathophysiology is multi-
factorial, with several contributing factors being
reduced contrast level of letters compared to the
background of digital screens, screen glare and
reflections, wrong distance and angle of viewing
digital screens, poor lighting conditions,
improper posture during usage, and infrequent
blinking of eyes [3]. The eye focusing and ocular
movements required for better visibility of dig-
ital screen place additional demand on an
intricate balance between accommodation and
convergence mechanisms, thus making people
with uncorrected or under-corrected refractive
errors even more susceptible [4]. The condition
can cause an array of symptoms, including
eyestrain, watering of eyes, headache, tired
eyes, burning sensation, red eyes, irritation, dry
eye, foreign body sensation, blurred vision at
near, and double vision [5].

According to the American Optometric
Association, the usage of digital devices con-
tinuously for two hours is adequate to bring
about digital eye strain [1, 6]. However, during
the recent outbreak of novel Coronavirus dis-
ease-19 (COVID-19) declared by World Health
Organization, there has been an upsurge in the
usage of digital devices. Several countries
worldwide declared a nationwide lockdown to
shut down activities that necessitate human
assembly and interactions, including educa-
tional institutions, malls, religious places, offi-
ces, airports, and railway stations, to contain
the spread of the virus [7]. A major part of the
world was compelled to be confined indoors
due to the dreaded consequences of this global
pandemic, and its effects could be visualized in
various sectors. Due to the lockdown, most
people resorted to the internet and internet-
based services to communicate, interact, and
continue with their job responsibilities from
home. Working from home became the new
norm of working for millions of employees
worldwide. Video-conferencing became the
new mode of holding meetings and
conferences.

Education is yet another domain that wit-
nessed a change in paradigm to the online way
of implementation. Online learning services
served as a panacea during the pandemic. Video
conferencing platforms like Zoom and Google
Meet have been used by schools, colleges, and
universities worldwide since the beginning of
the lockdown. There was a rise in usage of
internet services from 40 to 100%, compared to
pre-lockdown levels [8]. Digital payments and
digital currencies played a vital role in the
pandemic. Being restricted indoors, digital
devices became the only source of entertain-
ment. Thus, the COVID-19 pandemic has added
even more fuel to the already existing fire of the
digital revolution. Ultimately this has resulted
in an upsurge in the symptoms of digital eye
strain amongst most individuals irrespective of
age, sex, race, or region. The objective of this
review article is to comprehensively present an
overview of digital eye strain, its pathophysiol-
ogy, management strategies, role of ophthal-
mologists and visual health specialists in
educating parents or patients and also to
understand the impact of COVID-19 on DES
prevalence. We have also briefly highlighted the
future research prospects in the field of DES.
This review article is based on previously con-
ducted studies. The article does not contain any
studies with human participants or animals
performed by any of the authors.

Literature Search

A comprehensive systematic literature search
was done using PubMed, Google Scholar, and
Cochrane database. The search was done using
the terms “digital eye strain” or “computer
vision syndrome” or “ocular asthenopia sec-
ondary to digital devices” or “eye strain”, or
“visual fatigue” or “blue-blocking glasses” on
May 15, 2022. All the articles with available
abstracts along with the referenced articles until
the date of search were evaluated. Original
research work in the English language on DES
and those mentioning prevalence, risk factors,
clinical features were considered for inclusion
into the present review article. The final refer-
ence list was generated on the basis of original
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Table 1 Published studies that explored role of blue-blocking filters on digital eye strain

Authors, Journal, Study Methodology Results Conclusion

Year, and Place participants

Vera J et al. Clin Exp  Twenty-three Two reading tasks from No change in Neither the orbicularis
Optom. 2022 Jan healthy young computer screen with orbicularis oculi oculi muscle activity

20:1-6 [23]

adults, mean age

Spain 22,9 + 3.2 years

Rosenfield M et al. Twenty-four
Work. subjects
2020;65(2):343-348
[24]

United States

Redondo B et al.
Ophthalmic Physiol

Nineteen healthy
young adults,

Opt. 2020 mean age
Nov;40(6):790-800 22.0 £ 2.7 years
[25]

Spain

or without blue-
blocking filter on two
different days.
Orbicularis oculi
(OO) muscle activity
recorded by surface
electromyography and
DES symptoms noted
during 30-min reading

task

20-min reading task

from a tablet
computer after
wearing either blue-
blocking filter lens
(TheraBlue 1.67 or
TheraBlue
polycarbonate) or a
CR-39 control lens

30-min two reading

tasks on computer
screen placed at

S0 cm, with either
commercially available
blue-blocking filter or
without any filter on

two different days

muscle activity with
or without using
blue-blocking filter.
Reading increased
visual fatigue and
discomfort but
reduced activation

levels

An increase in
symptoms was
observed
immediately after
near vision task
(p = 0.00001), no
significant difference
in symptoms was
found between the
lenses (p = 0.74)

Blue light levels had no
effect on lag and
variability of
accommodation
(p = 0.34 and 0.62,

respectively)

Blue-blocking filter was
associated with
improved reading
speed of 16.5 words
per minute
(p = 0.02). There was
no significant change
in pupil dynamics or
perceived levels of

visual discomfort

nor the visual
symptoms altered
significantly during
30-min reading task
with blue-blocking
filters

Use of blue-blocking
filters as a treatment
for DES is not well
proven. Optimal
environment for
screen viewing, are
more likely to benefit
in minimizing

symptoms

Blue-blocking filter had
no effect on
accommodation
dynamics or visual

symptoms related to

DES
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Table 1 continued

Authors, Journal,
Year, and Place

Study

participants

Methodology

Results

Conclusion

Palavets T et al. Optom Twenty-three
Vis Sci. 2019
Jan;96(1):48-54 [26]

young, visually

normal subjects

United States

30-min reading task

from tablet, with
either blue-blocking
(BB) or neutral-
density (ND) filter
producing equal

screen luminance.

Mean total DES

symptom scores for
BB and ND filters
were 42.83 and
42.61, respectively.
Between two filters,

no significant

Use of blue-blocking
filters to minimize
near work-induced
asthenopia has
limited proven

evidence

Questionnaire to

quantify DES

symptoms

differences were
found between
accommodation and
vertical palpebral

apertur (¢

work considered for inclusion relevant to the
broad scope of this review article. Studies done
before and after the COVID-19 pandemic have
been summarized in tabular formats.

SYMPTOMS OF DES

Digital eye strain has been used synonymously
with ocular asthenopia secondary to digital
devices, computer vision syndrome, eye strain
post computer or mobile usage, or even visual
fatigue [3, 9-12]. The most common symptom
is a sense of eye discomfort. This may be in the
form of watering, redness, and itching in the
eyes. The patients may complain of dryness in
the eyes.

Apart from this, a frequent complaint is
blurry vision. The patient typically complains of
blur and clear vision episodes, and eye strain.
This usually reduces their concentration but
improves after rest. Another set of symptoms is
that the patient complains of glare, excessive
sensitivity to light, and inability to keep the
eyes open. All of these may be associated with
headaches and occasionally sore neck or back
[3, 10-13].

Broadly, these symptoms can be classified
into three categories:

a. Ocular surface-related symptoms are sec-
ondary to reduced blink and related to dry
eye. These symptoms typically include irri-
tation/burning eyes, dry eyes, eye strain,
headache, tired eyes, sensitivity to bright
light, and eye discomfort [13, 14].

b. Accommodation or vergence-related symp-
toms are secondary to excessive work and
related to anomalies of accommodation or
binocular visual system. These symptoms
include blurred near or distance vision after
computer use, difficulty refocusing from

one distance to another, or diplopia
[13-15].
c. Extraocular symptoms include muscu-

loskeletal symptoms which can result in
inconvenience in daily routine activities.
These may include body discomfort like
headache, neck or shoulder pain, and back
pain [16].

Now, even myopia progression has been
linked to the digital eye strain in children. This
would remain unique to the pediatric popula-
tion only [17]. At this point, there is sufficient
evidence to suggest that this may be linked, but
it would need further work to cement its place
in the syndrome complex of digital eye strain.
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PATHOPHYSIOLOGY OF DES

The symptoms experienced in computer vision
syndrome are caused by three potential mech-
anisms: (i) Extraocular mechanism, (ii) accom-
modative mechanism, (iii) ocular surface
mechanism [18].

Extraocular mechanisms not specifically
linked with ocular usage may cause muscu-
loskeletal symptoms such as neck stiffness, neck
pain, headache, backache, and shoulder pain
[16]. These symptoms are associated with pos-
tural problems secondary to improper place-
ment of computer screens, unsuitable table or
chair height, or incorrect distance between the
eye and screen resulting in unnecessary
stretching or forward bending often resulting in
a muscular sprain [19, 20].

Accommodative mechanisms cause blurred
vision, double vision, presbyopia, myopia, and
slowness of focus change [13, 14, 18]. Changes
in accommodation lag have been noted sec-
ondary to digital device usage over prolonged
periods [21]. However, the effects on accom-
modation, convergence, and pupillary size are
mainly due to the demanding near work and
not per se due to the screen [21]. The effect of
blue light on visual health has also been studied
in detail. However, at this point, there is a lack
of consensus in the findings of these studies to
address the health effects of blue-blocking
spectacle lenses [22]. Table 1 summarizes results
from research work done on blue-blocking
glasses.

An ocular surface mechanism causes symp-
toms such as dryness of the eyes, redness, gritty
sensation, and burning after an extended period
of computer usage. Eyeblink helps maintain a
normal ocular surface through a whole cycle of
secretion of tears, wetting of ocular surface,
evaporation, and finally, drainage of tears [27].
It is now well known that the blink rate reduces
significantly during computer usage from 18.4
to 3.6/min in one of the studies and from 22 to
7 blinks/min in another study [28, 29].

The pathophysiology of reduced blink and
squinting is bimodal; one, it increases the visual
acuity in the presence of a refractive error and
decreases the retinal illumination when using a

source with glare in the superior visual field, as
reported by Sheedy et al. [30]. Rather than the
reduced blink rate, an incomplete blink, where
the upper eyelid does not cover the entire cor-
neal surface, may be more relevant to dry eye as
the tear film stability can be maintained with a
reduced blink rate, provided that most blinks
are complete [31].

Apart from this, increased surface of cornea
exposure caused by horizontal gaze at the
computer screen and reduction of tear produc-
tion due to the aging process and contact lens
usage may also increase the digital eye strain.

BURDEN OF DES AND ASSOCIATED
CONDITIONS

There has been massive growth in digital device
usage in the past decade, hence increasing the
risk of DES. There has been a surge of mobile
devices in individuals across all age groups, with
more elderly populations also reported to be
engaged with digital media [3]. A report by the
Vision Council in 2016 noted that in the USA,
approximately two-thirds of adults aged 30—
49 years spend five or more hours on digital
devices [2]. The rampant use of social media is
particularly pronounced among younger adults,
with reportedly 87% of individuals between 20
and 29 years of age reporting the use of two or
more digital devices simultaneously [2]. The
burden of DES is challenging to measure
because of the variability in symptoms reported
across the literature. The computer-related
symptoms could be due to accommodation
anomalies (such as blurred near vision, blurred
distance vision, and difficulty refocusing after
prolonged computer work) and those that
seemed linked to dry eye (dry eyes, eyestrain,
headache, burning eyes, sensitivity to bright
lights, and ocular discomfort). Before the
COVID-19 pandemic, a highly variable preva-
lence of DES symptoms ranging from 5 to 65%
have been reported [2, 14, 32, 33]. Most of the
studies reported dry eyes and accommodation
anomalies as the presentation of DES, with
refractive error, squinting, and blinking being
studied less commonly. The data inconsistency
was because these studies were either done
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through self-reported questionnaires, with
variable definitions of DES being used and very
little literature reporting the objectively deter-
mined DES [3]. Another shortcoming of the
older (before COVID-19) studies is that the
occurrence of DES amongst children was
understudied [34-37]. In children, the preva-
lence of asthenopia due to presumed DES was
about 20% before the pandemic [35]. The
COVID-19 pandemic has increased our aware-
ness of the DES and shed more light on the
actual disease burden of DES, more so in the
younger population. Table 2 summarizes the
research work conducted prior to the COVID-19
pandemic.

With the lockdown restrictions during the
COVID-19 pandemic, outdoor activities were
restricted for all age groups, and digital learning
became the norm for almost 2 years. Hence,
digital device usage increased throughout the
world, exacerbating DES symptoms. DES
prevalence amongst children alone rose to
50-60% in the COVID-19 era [44-46]. In chil-
dren, the symptoms expanded to include recent
onset esotropia and vergence abnormalities as
part of the DES spectrum [47, 48]. Overall, the
incidence of DES was 78%, with participants
reporting one or more DES-related symptoms
[49]. This was primarily due to the overall time
spent on digital devices (7-10 h/day) during the
lockdown period, significantly greater than
during the pre-curfew period (3-5h) in all
studies [49, 50]. The virtual classes for children
and “work from home policy” in office-going
adults necessitated additional usage of digital
devices. One of the most significant ocular
health complications of the COVID-19 pan-
demic has been new-onset myopia and the
increased progression of existing myopia due to
excessive near work [17, 50, 51]. The prevalence
of myopia has been nearly 50% in the COVID
era, with accelerated progression from 0.3D in
pre-COVID to 1D in the COVID era [52]. This
influence on myopic progression has been
maximum in the age group of 6-8 years [51].
Table 3 summarizes the findings from research
work done during COVID-19 era. With time, we
might have further studies detailing the
increase in DES burden due to home confine-
ment in COVID.

MANAGEMENT STRATEGIES

Digital screen-time refers to time spent in front
of a screen, such as watching television, work-
ing on a computer, laptop, or tablet, using a
smartphone, and playing video games. It is a
sedentary lifestyle habit with excessive visual
activity, which has implications both on ocular
and general health hygiene [63]. Owing to
home confinement during the COVID-19 pan-
demic, there has been a substantial rise in usage
of the digital platform for work and education.
As a result of the lack of outdoor activities and
social interaction, people have resorted to tele-
vision and social media for entertainment with
an unintentionally increased dependence on
these devices [64, 65]. Wong et al. have rightly
pointed out that the behavioral changes arising
from this growing dependence may persist even
after the COVID-19 pandemic [66].

The American Optometric Association has
defined digital eye strain (DES) as an entity
encompassing visual and ocular symptoms
arising from the prolonged use of digital elec-
tronic devices [1, 67]. It is characterized by
symptoms such as dry eyes, itching, foreign
body sensation, watering, blurring of vision,
and headaches [3]. The prevalence of DES
reported in the literature ranges from 25 to 93%
[68-71] and a recent meta-analysis of available
data linked to asthenopia associated with DES
reported a pooled prevalence of 19.7% in the
pediatric population [34].

Continuous staring at the screen leads to a
decrease in the blink rate, causing dry eye-re-
lated problems. Smartphone use is more com-
monly associated with dry eye disease than
other digital devices [72]. In a case-control
study among school-going children, Moon et al.
reported an association of 71% among smart-
phone users [39]. They also documented that
symptoms of dry eye diseases were higher in the
children above the age of 14 years than in the
younger age group. This could be due to older
children spending more hours on smartphones
[73].

Visual work on a digital screen demands
continuous focusing and refocusing in an
attempt to see the pixelated characters clearly.
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Frequent eye movements to maintain focus lead
to fatigue and eye strain. Shorter digital screen
distance, a constant convergence, and accom-
modative demand further aggravate the asthe-
nopic symptoms associated with DES
[38, 74-76].

Prolonged duration (> 4 h), improper pos-
ture, and inadequate lighting conditions are
directly proportional to the DES symptoms
[38, 77]. Non-ocular symptoms associated with
eye strain include stiff neck, general fatigue,
headache, and backache [78, 79].

Digital screen-time has also been considered
as a potential modifiable environmental risk
factor that can increase the risk of myopia pro-
gression. Prevention of myopia progression has
been prioritized due to the associated risks of
myopic macular degeneration, retinal detach-
ment, glaucoma, and cataract [80].

Recommendations to alleviate DES include
the ergonomic use of digital devices [74, 81, 82].

1. Average daily screen time should be reduced
to a reasonable limit (< 4 h daily).

2. Digital device practices: proper ambient
lighting, digital device positioning, adjust-
ing image parameters (resolution, text size,
contrast, luminance), and taking frequent
breaks (20/20/20 strategy).

3. Itisrecommended to sit upright at a desk or
table with screens approximately 20 inches
from the eyes [6]. The height of the screen
should be positioned lower than the height
of the eyes, such that the viewing distance
is 15-20° below the eye level. Frequent
blinking of eyes minimizes the chances of
developing dry eyes. The refence materials
should be placed above the level of key-
board and below the level of monitor.

4. Environments with an illumination of over
1000 1x are known to decline user perfor-
mance [83]. A contrast setting around
60-70% is considered comfortable by most
people. The brightness should be adjusted
such that the light coming from monitors
matches the light in the surrounding work-
space. Anti-glare screens can also help in
reducing the amount of light reflected from
the screens [1]. A clearly legible font of at

least size 12 preferably in a dark color over
light background should be chosen.

5. Screen time tracking allows to control
excessive screen usage. It encourages to
spend less time on digital devices.

6. Refractive error correction and use of glasses
with antireflective coating [1, 6].

7. Public education about the lasting effects of
excessive screen time and encouraging
healthier lifestyle practices.

8. Parents should be counseled to monitor
their child’s screen usage and incorporate
family time.

9. Encourage children towards outdoor recre-
ational activities.

There is strong evidence that increased
screen time is associated with higher risks of an
unhealthy diet, cognitive outcome, interper-
sonal relationships, and quality of life among
children and young adults [84]. With the recent
explosion of digital electronic device usage
among children and young adults, there is an
urgent need to educate the parents, caregivers,
and youth about limiting digital screen time
and implementing ergonomic practices of
screen exposure.

ROLE OF OPHTHALMOLOGISTS
AND VISUAL HEALTH SPECIALISTS

There is a need to increase awareness about
digital eye strain since digital screen devices
have become an inseparable part of the lifestyle.
Recently, the impact of digital eye strain (DES)
has been felt across the population with the
lockdowns and curfews imposed by the pan-
demic [53, 62]. In the urban locales, there is
some awareness about DES, but this is lacking in
the rural and lower socio-economic groups,
both of whom have seen an increasing screen
exposure in recent years.

Eye-health strategies and awareness cam-
paigns need to target the at-risk population.
Awareness amongst digital device users can be
channelized through doctors (physicians and
ophthalmologists), health care workers (op-
tometrists, vision technicians, and nursing
staff), and non-medical professionals (wellness
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professionals, health and fitness experts, and
information technology team leaders). A special
emphasis should be made to raise awareness
among teachers, since they are the ones who
can offer early detection of DES symptoms at
school, which is more important in the present
times considering the increased dependency of
education on digital devices.

Screen users need to be told to recognize
symptoms of digital eye strain such as asthe-
nopia, headache, neckache, red eyes, watery
eyes, or burning sensation in the eyes. They
need to be encouraged to make specific changes
such as improving lighting, minimizing glare,
taking regular breaks from the screen, changing
focus to a distance object intermittently, fol-
lowing the 20-20-20 rule (taking a 20-s break
every 20 min to look at an object 20 feet away)
and using ergonomic chairs to reduce eye strain
[85]. Frequent blinking needs to be emphasized
too. Typically, we blink 14-16 times a minute,
but this reduces to 4-6 times a minute when
using screens [18]. Persistent symptoms despite
these changes mark the need for an ophthalmic
exam.

Parents and caregivers need to be sensitized
to digital eye strain in children. There is a sig-
nificant gap in the knowledge concerning DES
and its potential harm, indicating a need to
increase awareness in this group [50]. Parents
and caregivers need to pick up on early signs
that a child may be straining the eyes. Children
often do not express ocular discomfort but may
manifest certain mannerisms such as forced
blinking or avoidance of screens or complain of
transient episodic eye pain, rubbing, or epi-
phora, which may indicate eye strain [45].
Pediatricians and visual health specialists need
to brief parents and teachers to recognize these
signs and take remedial measures such as
reducing screen time, using larger high-resolu-
tion displays, adjusting the lighting, and
increasing outdoor activity. Over-the-counter
lubricant drops can be considered in case of
persistent symptoms, but an ophthalmology
consult should be scheduled.

Innovation in screen technology has reduced
the incidence of digital eye strain. These include
high-resolution screens with inbuilt antireflec-
tive coating, matte-finished glass, edge-to-edge

displays, and image smoothening graphic
effects. Specific applications which remind
screen users to take regular breaks also help
inculcate screen-friendly habits. Innovations in
the optical segment such as antireflective coat-
ing, blue-light blocking glasses, and polaroid
lenses are other recommended measures to
reduce eye strain.

RESEARCH AND KNOWLEDGE GAPS

As it is pretty clear on the date that DES is not
going to go away, it is essential from a public
health perspective to focus on practical protec-
tive and preventive approaches concentrating
on improving the vision-related quality of life
of individuals affected with DES [86].

Despite the significant strides made con-
cerning the understanding of DES, there are
considerable gaps in research and knowledge
pertinent to:

1. The symptomology of DES

2. Effective treatment strategies

3. Optimizing and customizing treatment
options for different age groups based on
the visual demands and symptoms

4. Preventative approaches to ameliorate the
onset and severity of DES

The current assessment protocols for DES
include aspects of understanding the visual
symptoms in detail using a structured inven-
tory, understanding task-specific  visual
demands, ergonomic concerns and considera-
tions, comprehensive eye examination, refrac-
tive correction, binocular vision assessment,
ocular surface assessment for dry eyes, and
management based on the outcomes of the
assessment [86-88].

Yet, in the symptomatology of DES, there is a
considerable gap in understanding the associa-
tion between the onset of visual symptoms and
pre-existing visual dysfunctions. It has been
shown that extensive use of digital devices can
induce or exacerbate visual fatigue [3, 82, 83]. It
is not clear if individuals who have a pre-exist-
ing binocular vision dysfunction, dry eyes, and
related anomalies are at an increased risk for
DES. Also, there is a considerable gap
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concerning the context of the type of digital
device and the dynamic visual demands
imposed by the same. Studies that aim at cate-
gorizing the visual symptoms based on the pre-
existing visual dysfunction, visual needs, and
visual profile can aid in a better understanding
of the DES and can also provide insights into
preventative approaches to mitigate the visual
symptoms [12].

Management options for DES are symptoms-
based and include a holistic and comprehensive
approach, from the management of refractive
errors, binocular vision anomalies, and ocular
surface dryness to providing workplace recom-
mendations to improve visual comfort. The
global lifestyle disruptions due to COVID-19
resulted in a rapid rise in DES prevalence across
all age groups [86, 89]. The impact of DES on
children was highlighted by various researchers
that pointed out the need for visual protection
measures to be followed during online learning.
This included using appropriate screen settings,
illumination and earning environment settings,
posture requirements, adopting a healthy life-
style, and regular eye examination [86].

Nonetheless, there are barely any studies
exploring the optimal environmental condi-
tions and efficacy of visual hygiene measures in
ameliorating DES onset and prevalence [90, 91].
Most of these guidelines are primarily expertise
and consensus-based and need to be backed up
by evidence. There is a clear need for further
exploration to understand the cause-and-effect
relationship between blue light and DES; when
it comes to the effect of blue light illuminance
and its association with visual fatigue, dry eyes,
and retina damage [92], there is a clear need for
further exploration to understand the cause-
and-effect relationship between blue light and
DES.

Similarly, there is a considerable lacuna in
understanding mechanisms based on which
anti-fatigue lenses work to reduce visual fatigue.
Novel spectacle lens designs are being explored
in this context. Hence, further explorations in
this field should focus on recommendations for
digital screens optimized to improve visual
comfort [93] novel spectacle lens technologies
to reduce visual fatigue associated with long
hours of screen viewing, and inbuilt filters to

optimize visual comfort [94]. A paradigm shift is
required in our understanding of looking at DES
as a man/instrument-made entity to explore
customized solutions accordingly [91]. Overall,
future research should focus on enhancing our
understanding of DES from an etiological per-
spective, leading to evidence-based manage-
ment options.

CONCLUSIONS

Digital eye strain has been on the rise since the
beginning of the COVID-19 pandemic. An
augmented growth pattern has been experi-
enced with prevalence ranging from 5 to 65% in
pre-COVID-19 studies to 80-94% in the COVID-
19 era. The sudden steep increase in screen and
chair time has led way to other silent pandemics
like digital eye strain, myopia, musculoskeletal
problems, obesity, diabetes etc. Digital device
usage of more than 4 h/day, underlying refrac-
tive errors, female gender, and prior dry eyes are
the most significant risk factors predisposing to
DES. There is an urgent need for eye care pro-
fessionals and vision health specialists to be
well informed about DES. Awareness related to
effects of excess screen time, ergonomic prac-
tices, and preventive measures needs to be
spread especially among teachers, youngsters,
and professionals exposed to excessive or pro-
longed screen time. The role of anti-glare
screens, anti-fatigue lenses, and blue-blocking
filters is still controversial and needs to be fur-
ther explored. Future studies should focus on
understanding the risk factors among different
groups and the association between accom-
modative or binocular vision anomalies and
DES.
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