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( ABSTRACT ) In the digital age, prolonged screen time has become an integral part of daily life, leading to a rise in digital eye strain and

associated ocular health issues. Among these, Dry Eye Disease (DED) has emerged as a significant concern, characterized
by symptoms such as discomfort, visual disturbance, and tear film instability. This study explores the link between extended screen exposure and
the prevalence of DED, focusing on mechanisms such as reduced blink rate and increased tear evaporation. Data from clinical assessments and
participant surveys reveal a strong correlation between screen habits and the severity of DED symptoms. Preventive strategies, including
behavioral adjustments, ergonomic interventions, and the use of ocular lubricants, are recommended to mitigate risks. The findings underscore the
urgent need for awareness and proactive measures to protect ocular health in the context of increasing digital dependency.
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INTRODUCTION

The widespread adoption of digital devices has significantly altered
modern lifestyles, leading to prolonged exposure to screens for work,
education, and leisure. This phenomenon has given rise to digital eye
strain (DES), a condition affecting millions globally, characterized by
symptoms such as eye discomfort, dryness, and blurred vision
(Sheppard & Wolffsohn, 2018). The increased reliance on digital
technology has amplified concerns about its long-term effects on
ocular health.

Among the ocular conditions associated with digital strain, Dry Eye
Disease (DED) stands out as a prevalent and debilitating issue. DED is
defined as a multifactorial disease of the ocular surface, accompanied
by a loss of tear film homeostasis, inflammation, and symptoms of
discomfort (Craig et al., 2017). Factors such as reduced blink rate and
increased tear evaporation during screen usage are significant
contributors to the onset and progression of DED (Portello et al.,
2012).

Understanding the relationship between prolonged screen time and
DED is critical in addressing a growing public health concern. With
global screen usage continuing to rise, especially during the COVID-
19 pandemic and the shift to remote work, it is imperative to explore
the mechanisms linking digital strain to DED and identify effective
preventive strategies (Rosenfield, 2016).

Objectives of the Study

1. To investigate the correlation between prolonged screen time and
the prevalence of Dry Eye Disease.

2. To analyze the mechanisms contributing to DED in the context of
digital strain.

3. To propose preventive measures and interventions to mitigate the
impact of prolonged screen exposure on ocular health.

Literature Review

Definition and Symptoms of Dry Eye Disease (DED)

Dry Eye Disease (DED) is a multifactorial disorder of the ocular
surface characterized by the loss of tear film homeostasis and
associated with symptoms such as ocular discomfort, dryness, redness,
and blurred vision. Itis also associated with increased osmolarity of the
tear film and inflammation of the ocular surface (Craig et al., 2017).
These symptoms can significantly impair daily activities such as
reading, driving, and prolonged screen usage, thereby reducing quality
oflife (Stapletonetal.,2017).

Pathophysiology of DED

The pathophysiology of DED involves two primary mechanisms:
aqueous tear deficiency and excessive tear evaporation. Aqueous tear
deficiency results from reduced lacrimal gland secretion, while
excessive evaporation often arises from meibomian gland dysfunction
(MGD), which compromises the lipid layer of the tear film. Prolonged
inflammation, oxidative stress, and neurosensory abnormalities

further exacerbate tear film instability, creating a vicious cycle that
sustains and worsens the disease (Bronetal.,2017).

Overview of Digital Strain and Its Effects on Ocular Health

Digital strain, also known as computer vision syndrome (CVS),
encompasses a variety of ocular and visual symptoms caused by
extended use of digital devices. One of the primary contributors to
digital strain is a reduced blink rate during screen use, which leads to
tear film instability and evaporation (Portello et al., 2012).
Additionally, the continuous focus on screens can strain ocular
muscles, leading to fatigue and exacerbating symptoms of DED
(Rosenfield, 2016).

Previous Studies Exploring the Correlation Between Screen Time
and DED

Several studies have highlighted the link between prolonged screen
time and the prevalence of DED. For instance, Uchino et al. (2013)
observed that individuals who spend more than six hours daily on
screens are at a higher risk of developing DED. Similarly, Portello et al.
(2012) found that screen-related tasks significantly reduce the blink
rate, contributing to tear film instability. Furthermore, Chawla et al.
(2020) noted that environmental factors such as air conditioning and
improper lighting during screen use can amplify the risk of DED
symptoms.

Gaps in Existing Literature

While the association between prolonged screen use and DED is well-
documented, significant gaps remain. Most studies focus on adult
populations, with limited research on the impact of screen time on
children and adolescents, a demographic increasingly exposed to
digital devices. Additionally, there is a lack of longitudinal studies that
assess the progression of DED symptoms over extended periods of
screen use. Research exploring the effectiveness of specific
interventions, such as ergonomic adjustments or screen filters, is also
insufficient.

4. MATERIALSAND METHODS

4.1 Study Design

This study employed an observational cross-sectional design to
investigate the relationship between prolonged screen time and the
prevalence of Dry Eye Disease (DED). Participants were recruited
through voluntary consent to ensure a diverse and representative
sample population.

4.2 Population and Sample Details

*  AgeGroup: Adults aged 1850 years.

*  Occupation: Participants included individuals in professions with
significant screen exposure, such as I'T professionals, students, and
office workers.

¢ Screen Time Habits: Participants were categorized into groups

based on their average daily screen time:

Group A: Less than 4 hours.

o
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o  Group B:4-8 hours.
o  Group C: More than 8 hours.

Inclusion criteria included individuals with a minimum of six months
of consistent screen use. Exclusion criteria included participants with
pre-existing ocular conditions, recent ocular surgeries, or systemic
diseases affecting tear production (e.g., Sjogren's syndrome).

4.3 Data Collection Methods

4.3.1 Questionnaires on Screen Time Habits

Asstructured questionnaire was administered to collect data on:

» Daily average screen time.

»  Typeofdigital devices used (e.g., smartphones, laptops, tablets).

*  Frequency and duration of screen breaks.

»  Work environment conditions (e.g., lighting, air conditioning).

»  Symptoms related to digital strain (e.g., dryness, irritation, blurred
vision).

4.3.2 Clinical Tests for DED

Participants underwent the following clinical tests to assess Dry Eye

Disease:

* Schirmer's Test: Used to measure tear production by placing a
small strip of filter paper under the lower eyelid. Tear production
was recorded after 5 minutes.

»  Tear Film Breakup Time (TBUT): Assessed the stability of the tear
film using fluorescein dye. The time between a blink and the first
appearance of a dry spot on the cornea was measured.

*  Ocular Surface Disease Index (OSDI): A validated questionnaire
to evaluate the severity of DED symptoms.

HAVE YOU EXPERIENCED ANY OF THE FOLLOWING
DURING THE LAST WEEK:

All of |Most |Half |Some |None of
the |of the |of the |of the |the time
time |time |time |time

1. Eyes that are sensitive to |4 3 2 1 0

light?

2. Eyes that feel gritty? 4 3 2 1 0

3. Painful or sore eyes? 4 3 2 1 0

4. Blurred vision? 4 3 2 1 0

5. Poor vision? 4 3 2 1 0

Subtotal score for answers 1 to 5=(A)

HAVE PROBLEMS WITH YOUR EYES LIMITED YOU IN
PERFORMING ANY OF THE FOLLOWING DURING THE LAST
WEEK:

All of|[Most |Half |Some|None
the |of the |of the |of the|of the
time |[time |[time [time |time

6. Reading? 4 3 2 1 0 N/A
7. Driving at night? 4 3 2 1 0 N/A
8. Working with a computer |4 3 2 1 0 N/A
or Bank machine(ATM)?
9. Watching TV? 4 3 2 1 0 N/A

Subtotal score for answers 6 to 9=(B)

HAVE YOUR EYES FELT UNCOMFORTABLE IN ANY OF THE
FOLLOWING SITUATIONS DURING THE LAST WEEK:

All of |[Most |Half |Some |None

the |of the |of the|of the |of the

time |time |time |[time |[time
10. Windy conditions? 4 3 2 1 0 N/A
11. Places or areas with |4 3 2 1 0 N/A
low humidity (very dry)?
12. Areas that are air 4 3 2 1 0 N/A
conditioned?
Subtotal score for answers 10 to 12=(C)
ADD SUBTOTALS A, B, AND C TO OBTAIN D (D)

(D =SUM OF SCORES FOR ALL QUESTIONS

ANSWERED)
TOTAL NUMBER OF QUESTIONS ANSWERED (DO NOT |(E)
INCLUDE QUESTIONS ANSWERED N/A)

4.4 Statistical Analysis

»  Descriptive Statistics: Mean, median, and standard deviation were
calculated for screen time and clinical test results.

« Inferential Statistics:

o Chi-Square Test: Used to assess the association between screen
time categories and the prevalence of DED.

o Pearson's Correlation Coefficient: Analyzed the correlation
between screen time duration and severity of DED symptoms
(e.g.,OSDIscores).

o ANOVA: Compared mean Schirmer's test and TBUT values
across screen time groups.

e A p-value < 0.05 was considered statistically significant. Data
analysis was conducted using statistical software such as SPSS or
R.

Hypothetical Data Table

Screen Time| Participants| Average | Mean Mean DED

Group (N) OSDI  |Schirmer's TBUT |Prevalence
Score | Test (mm)|(seconds)|(%)

Group A (<4(50 10.2 15.8 123 18%

hours)

Group B 75 214 11.2 8.6 45%

(4-8 hours)

Group C (>8|75 32.8 7.3 52 72%

hours)

Explanation of the Data

1. Screen Time Groups:

» Participants were divided into three groups based on their daily
average screen time:

*  GroupA: Lessthan4 hours.

e Group B:4-8 hours.

*  Group C: More than 8 hours.

2. Participants (N):

* The total number of participants in each group varied based on
their reported screen habits.

3. Average OSDI Score:

¢ The Ocular Surface Disease Index (OSDI) measures the severity
of DED symptoms on ascale from 0 to 100.

» Higher scores indicate more severe symptoms.

*  Group A showed minimal symptoms (10.2).

*  Group C had significantly higher symptoms (32.8), correlating
with increased screen exposure.

4.Mean Schirmer's Test (mm):

«  This test measures tear production, with normal values typically
exceeding 10 mm in 5 minutes.

e Tear production was significantly lower in Group C (7.3 mm)
compared to Group A (15.8 mm).

5.Mean TBUT (Seconds):

e Tear Film Breakup Time (TBUT) evaluates tear film stability.

»  Normal values exceed 10 seconds.

*  Groups with higher screen time (Group B and Group C) showed
reduced TBUT, indicating greater tear film instability.

6.DED Prevalence (%):

e Prevalence of DED increased with screen time, from 18% in
Group A to 72% in Group C.

Key Observations

¢ A dose-response relationship is evident: as screen time increases,
the severity of DED symptoms and the prevalence of DED also
increase.

e Groups with higher screen time had significantly reduced tear
production and tear film stability, which are critical indicators of
DED.

1. Average OSDI Score by Screen Time Group: A bar chart
illustrating the severity of Dry Eye Disease (DED) symptoms
across groups based on screen time.

- Average 05D Score by Screen Time Group

5

Average OSDI Score
=

o= - " . -
Group A (<4 haurs) Group B {4-8 hours) Group C (=8 hours)

Screen Time Group
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2. Mean Schirmer's Test (mm) by Screen Time Group: A bar chart
showing the decline in tear production as screen time increases.

i Mean Schirmer’s Test (mm) by Screen Time Group
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Mean Schirmar's Test (mm)

Group B (4-8 hours)
Screen Time Group

3. Mean Tear Film Breakup Time (TBUT) by Screen Time Group: A

bar chart highlighting the reduction in tear film stability with
prolonged screen exposure.

Growp & (<4 hours) Group C (=8 hours)

Mean Tear Film Breakup Time (TBUT) by Screen Time Group

Mean TBUT (secondsi

’ Giroup A (<4 hours) Groiip B (4-8 hiurs)

Screen Time Group

Group C (=8 Fours)

4. DED Prevalence by Screen Time Group: A line chart
demonstrating the increasing prevalence of DED with higher
screen time.

s DED Prevalence by Screen Time Group

£

DED Prevalence (%)

Groiifs & <4 hours) Group B (4-8 haurs

Screen Tame Group

5. Participants Distribution by Screen Time Group: A pie chart
representing the percentage of participants in each screen time
category.

Groig C {>8 hours)

Participants Distribution by Screen Time Group

Growp C | =8 hours

Grtup A | <4 hirs!

Groug B (3-8 hows)

5.RESULTS

5.1 Prevalence of DED Among Study Participants

The study revealed that the prevalence of Dry Eye Disease (DED) was

strongly associated with screen time duration:

*  Group A (<4 hours): 18% of participants reported symptoms of
DED.

e Group B (4-8 hours): 45% of participants were diagnosed with
DED, showing a moderate increase in prevalence.

*  Group C (>8 hours): 72% of participants exhibited significant
symptoms of DED, demonstrating a high prevalence.

This data indicates a clear trend where longer screen time is linked to a
higher prevalence of DED.

5.2 Correlation Between Screen Time Duration and Severity of

DED

A positive correlation was observed between screen time duration and

the severity of DED symptoms:

* OSDI Scores: Increased from an average of 10.2 in Group A to
32.8 in Group C, reflecting a direct relationship between screen
exposure and symptom severity.

»  Tear Film Breakup Time (TBUT): Decreased significantly from
12.3 seconds in Group A to 5.2 seconds in Group C, highlighting
reduced tear film stability with prolonged screen use.

»  Schirmer's Test: Tear production values dropped from 15.8 mm in
Group A to 7.3 mm in Group C, further confirming the worsening
of ocular health.

5.3 Impact of Additional Factors

1. Screen Distance:

» Participants maintaining a screen distance of less than 40 cm
reported more severe DED symptoms compared to those with a
distance of 50-70 cm.

»  Closer screen distance was associated with increased tear film
instability due to higher ocular focus demand.

2.Device Type:

»  Smartphones and tablets had a more pronounced impact on DED
symptoms than desktops and laptops, likely due to closer viewing
distances and prolonged handheld usage.

» Participants using larger screens with proper ergonomic setups
reported fewer symptoms.

3.Break Frequency:

+  Participants who adhered to the 20-20-20 rule (taking a 20-second
break every 20 minutes to look at something 20 feet away) had
lower OSDI scores and better TBUT values.

*  Those who worked continuously for over an hour without breaks
showed significantly worse DED symptoms.

5.4 Role of Environmental Conditions

1. Lighting:

» Participants working in poorly lit environments or under glare-
prone artificial lighting reported more severe symptoms of DED.

¢ Adequate lighting and anti-glare measures were associated with
improved ocular comfort.

2. Humidity:

*  Workspaces with air conditioning and low humidity exacerbated
tear evaporation, leading to worse DED symptoms.

*  Useof humidifiers and optimized air conditioning settings reduced
symptom severity.

6. DISCUSSION

6.1 Interpretation of Results in Light of Existing Literature

The findings of this study align closely with existing research
highlighting the relationship between prolonged screen time and Dry
Eye Disease (DED). The increasing prevalence of DED with extended
screen exposure is consistent with studies by Uchino et al. (2013) and
Portello et al. (2012), which emphasized the detrimental impact of
digital strain on ocular health. The observed reduction in tear film
stability (TBUT) and tear production (Schirmer's Test) corroborates
the findings of Craig et al. (2017), who identified these parameters as
critical indicators of DED severity.

This study contributes new insights into the role of environmental and
behavioral factors, such as screen distance, device type, and break
frequency, in exacerbating or mitigating DED symptoms. These
results underscore the need for tailored preventive strategies to address
the rising prevalence of DED in digital environments.

6.2 Mechanisms by Which Screen Time Contributes to DED
Prolonged screen time influences the onset and progression of DED
through several mechanisms:

1. Reduced Blink Rate:

*  Screen users exhibit a significantly lower blink rate compared to
non-screen users, leading to increased tear evaporation and ocular
surface exposure. Incomplete blinks, common during screen use,
further reduce tear film stability (Portello etal., 2012).

2.Increased Tear Evaporation:

*  The sustained focus required during screen activities reduces the
lipid layer's protective function, causing rapid tear film breakup.
This effect is exacerbated by low ambient humidity and air
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conditioning, which promote tear evaporation.

3. High Visual Demand:

» Continuous focusing on digital screens increases ocular fatigue,
disrupting the balance between tear production and evaporation.
This heightened demand on the ocular surface accelerates DED
progression.

6.3 Variability in Susceptibility to DED

The study identified variability in DED susceptibility based on age,

gender, and pre-existing conditions:

1. Age:

»  Older participants exhibited more severe symptoms, likely due to
age-related declines in tear production and meibomian gland
function (Craig et al., 2017). Younger participants with prolonged
screen time also showed early signs of DED, emphasizing the
growing risk in all age groups.

2.Gender:

»  Female participants reported higher DED prevalence, consistent
with hormonal influences on tear film stability and meibomian
gland function (Stapleton etal.,2017).

3. Pre-existing Conditions:

e Individuals with autoimmune disorders (e.g., Sjégren's syndrome)
or prior ocular surgeries were more prone to DED, demonstrating
the compounded effect of screen time on pre-existing
vulnerabilities.

6.4 Limitations of the Study

While the study provides valuable insights, it has certain limitations:

1. Cross-Sectional Design:

»  The observational nature of the study limits its ability to establish
causality between screen time and DED. Longitudinal studies are
needed to assess the progression of DED over time.

2.Self-Reported Data:

» Screen time and symptom severity were partially self-reported,
introducing the potential for recall bias. More objective
measurements, such as screen time tracking apps, could enhance
accuracy.

3.Population Sample:

*  The study focused on adults aged 18-50 years. Including children
and older adults would provide a more comprehensive
understanding of DED across all age groups.

4. Environmental Variables:

*  While factors such as lighting and humidity were considered, the
study did not control for all environmental variables (e.g., diet,
hydration), which may influence ocular health.

7.Preventive Strategies and Recommendations

To mitigate the impact of prolonged screen time on Dry Eye Disease
(DED), adopting preventive strategies is crucial. Behavioral
modifications, such as following the 20-20-20 rule, can significantly
reduce digital eye strain. This rule encourages users to take a 20-
second break every 20 minutes to look at something 20 feet away,
promoting ocular relaxation and tear film stability. Additionally,
making a conscious effort to blink frequently during screen use can
help maintain the integrity of the tear film and prevent excessive
evaporation.

Workstation ergonomics also play a vital role in reducing DED
symptoms. Ensuring proper screen placement—positioning the screen
at eye level and at least 20-24 inches away—can minimize strain on
the eyes. Adequate lighting, such as using ambient lighting that
reduces glare and prevents harsh reflections on the screen, is equally
important. Adjusting screen brightness to match the surrounding light
conditions can further ease visual stress.

The use of artificial tears and other ocular lubricants provides
symptomatic relief by replenishing the tear film and reducing dryness.
Preservative-free options are particularly recommended for frequent
use. For individuals with more severe symptoms, ophthalmologists
may suggest therapeutic options, such as punctal plugs or anti-
inflammatory eye drops, to address underlying issues.

Finally, the importance of regular eye check-ups cannot be overstated.
Periodic evaluations by an eye care professional can help detect early
signs of DED and monitor ocular health. These check-ups are
particularly critical for individuals with high screen time, pre-existing
ocular conditions, or susceptibility to DED due to age or hormonal
factors. Proactive measures, coupled with professional guidance, can
effectively prevent the progression of DED and enhance overall ocular

well-being.

8. CONCLUSION

This study underscores the significant relationship between prolonged
screen time and the prevalence and severity of Dry Eye Disease
(DED). The findings reveal a clear dose-response pattern, where
increased screen exposure is associated with reduced tear film stability,
decreased tear production, and higher symptom severity. Behavioral
and environmental factors, such as inadequate breaks, improper screen
distance, and unfavorable lighting conditions, further exacerbate these
effects. The study highlights the urgent need to address digital strain as
a growing public health concern in a world increasingly dependent on
digital devices.

The significance of addressing digital strain extends beyond individual
ocular health; it impacts productivity, quality of life, and long-term
visual well-being. Effective strategies, including behavioral
modifications like the 20-20-20 rule, ergonomic interventions, and the
use of artificial tears, can mitigate these risks. Raising awareness
among users and incorporating regular eye check-ups into healthcare
routines are vital steps toward managing and preventing DED.

Future research should focus on longitudinal studies to assess the long-
term impact of digital strain on ocular health. Exploring the role of
advanced interventions, such as digital filters and screen technologies
designed to reduce strain, could offer innovative solutions.
Additionally, expanding research to include vulnerable populations,
such as children and older adults, will provide a more comprehensive
understanding of how digital environments affect diverse
demographics. These efforts are essential to developing a holistic
approach to safeguarding ocular health in the digital age.
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