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ABSTRACT

Background: The proliferation of digital devices in modern society has led to a significant increase in the prevalence of Digital Eye
Strain (DES), characterized by symptoms such as eye fatigue, dryness, and headaches. This condition poses a particular risk to
individuals with systemic conditions, such as diabetes mellitus, which can exacerbate ocular symptoms. Understanding the
relationship between DES and diabetes is crucial for developing targeted interventions to alleviate symptoms and improve quality
of life.

Objective: This study aims to assess the prevalence and risk factors of Digital Eye Strain among diabetic and non-diabetic individuals,
examining the impact of digital device usage patterns, ocular surface health, and visual discomfort symptoms in both groups.

Methods: A cross-sectional study was conducted at the Eye Department of Jeddah National Hospital, involving 150 diabetic and 150
non-diabetic participants, employing purposive sampling. Participants were evaluated for DES symptoms, digital device usage habits,
and clinical signs of ocular surface health, including Tear Break Up Time (TBUT), Fluorescein Stains (FS), and Tear Meniscus Height.
Data analysis was performed using SPSS version 25, focusing on statistical differences between the two groups.

Results: The mean age of participants was 56 years (SD=10.3) for the diabetic group and 54 years (SD=8) for the non-diabetic group,
with a balanced gender distribution across both groups. Diabetic participants demonstrated a significantly lower TBUT (median=5
seconds, IQR=2) compared to non-diabetics (median=7 seconds, IQR=1), P=0.001. DES symptoms, particularly eye fatigue and
headaches, were more prevalent among diabetics, with over four hours of computer usage exacerbating symptoms (eye fatigue:
57%, P=0.001; headache: 32.8%, P=0.029). Environmental and behavioral factors, including improper illumination and infrequent
breaks, were significantly associated with increased DES symptoms.

Conclusion: Digital Eye Strain is more prevalent and severe among diabetic individuals, with significant implications for ocular and
general well-being. The findings underscore the need for targeted digital health interventions and ergonomic practices to mitigate
DES symptoms, especially among those with diabetes.

Keywords: Digital Eye Strain, Diabetes Mellitus, Tear Break Up Time, Ocular Surface Health, Computer Vision Syndrome, Digital Device
Usage.

INTRODUCTION

In the contemporary digital era, society's increasing dependency on digital devices such as smartphones, tablets, computers, and e-
readers has introduced a myriad of lifestyle changes, among which the phenomenon of Digital Eye Strain (DES), also known as
Computer Vision Syndrome (CVS), has emerged as a significant public health concern (1). DES is characterized by a range of ocular
and visual discomfort symptoms including eye fatigue, dryness, blurred vision, headaches, neck, and shoulder pain, primarily
resulting from prolonged exposure to digital screens. The symptoms of DES not only diminish an individual's quality of life but also
impact daily activities and overall well-being, thereby necessitating an in-depth investigation into its prevalence and risk factors,
particularly among populations with preexisting health conditions such as diabetes mellitus (2). Diabetes, a chronic condition marked
by hyperglycemia and insulin resistance, is known for its systemic manifestations, including a variety of ocular complications,
suggesting a potential intersection between DES and diabetic ocular manifestations that warrants exploration (3).
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The prevalence of DES has notably increased alongside the surge in digital device usage across the globe. In the United States alone,
more than 80% of adults are reported to engage with digital devices for over two hours daily, with a significant 59% experiencing
symptoms indicative of DES. Despite these staggering figures, there remains a gap in research specifically addressing the prevalence
and implications of DES among diabetic individuals, who are already susceptible to ocular complications such as diabetic retinopathy
(4). This gap underscores the need for empirical research aimed at exploring the prevalence, risk factors, and potential correlations
between digital device usage, DES, and diabetes mellitus to inform clinical practices, public health initiatives, and patient education
(5).

Risk factors contributing to DES encompass a broad range of elements including age, duration of screen exposure, proximity to
screens, posture during device use, and underlying ocular conditions such as refractive errors and dry eye syndrome. Notably,
prolonged screen time is associated with decreased blink rates, leading to ocular dryness and discomfort, while the positioning of
screens and the user's posture can further exacerbate these symptoms (6). For diabetic individuals, the interplay between diabetes-
related ocular changes and DES symptoms introduces an additional layer of complexity. Diabetes-induced alterations in the retina
and an increased propensity towards dry eye syndrome can enhance vulnerability to DES, with hyperglycemia further impacting
ocular surface health and contributing to DES symptoms (7).

The ramifications of DES extend beyond mere ocular discomfort, affecting individuals' quality of life, daily functioning, and work
productivity. The experience of discomfort, headaches, and diminished visual performance associated with DES can significantly
hinder an individual's ability to perform daily tasks and maintain overall well-being. For diabetic patients, the addition of DES to their
spectrum of health concerns may exacerbate the challenges associated with diabetes management and negatively influence their
overall health outcomes (8). Given the multifaceted nature of DES and its implications for diabetic and non-diabetic populations
alike, it is imperative for healthcare professionals, researchers, and policymakers to develop a nuanced understanding of DES, its
prevalence, risk factors, and impact. Such an understanding is crucial for crafting effective prevention, management strategies, and
interventions aimed at mitigating the adverse effects of DES and enhancing the quality of life for affected individuals (9).

MATERIAL AND METHODS

The methodology of this cross-sectional study was designed to investigate the prevalence and risk factors of Digital Eye Strain among
diabetic and non-diabetic participants, conducted within the premises of the Eye Department at Jeddah National Hospital, a
secondary eye care center, from 1st July 2022 to 31st December 2022. Employing a purposive sampling technique, the study aimed
to recruit a diverse cohort of participants, including 150 individuals from both diabetic and non-diabetic groups, to ensure the
representation across a wide spectrum in terms of age, gender, digital device usage patterns, and the frequency of eye symptoms
experienced. This approach facilitated the examination of a broad array of variables potentially influencing the onset and severity of
Digital Eye Strain (10).

Participants were meticulously selected based on inclusion criteria which comprised males and females aged between 25 and 60
years who had been using computers for a minimum of four hours per day continuously over the past year. Individuals with a history
of ocular disease or surgery, those who had used contact lenses in the past three months, and women who were pregnant or had
gestational diabetes were excluded from the study to eliminate potential confounding factors related to corneal epithelial fragility,
dehydration, and systemic conditions that could affect the study's outcomes. For the diabetic cohort, inclusion criteria were further
specified to include individuals with well-controlled fasting glucose levels (> 100 mg/dL) and HbAlc < 8, without evidence of systemic
diabetic complications such as retinopathy or peripheral neuropathy, ensuring a homogenous comparison group (11).

Data collection involved recording comprehensive details including the date of the first examination, age at the first visit, gender,
past ocular history, presence of systemic diseases, and other risk factors associated with dry eye syndrome such as clinical diagnostic
signs including tear break-up time (TBUT), corneal fluorescein staining, and tear meniscus height. This information was instrumental
in assessing the prevalence of Digital Eye Strain and identifying associated risk factors within the study population (12).

The data analysis was conducted using the Statistical Package for the Social Sciences (SPSS) version 25, allowing for a detailed
statistical examination of the gathered data to meet the research objectives. Ethical considerations were paramount throughout the
study, with informed consent obtained from all participants to ensure their comprehensive understanding of the study's purpose,
procedures, and their rights. The privacy and confidentiality of participant data were rigorously protected, adhering to ethical
standards consistent with the Declaration of Helsinki. This ethical framework guided the study's conduct, emphasizing the
importance of respect for participant autonomy, privacy, and the ethical use of collected data for research purposes.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 1303



Prevalence, Risk Factors of Digital Eye Strain in Diabetics JOSI'R&LOE.II'!:atI.th H RR
) ) ; . and Rehabilita |onl

Fatima K., et al. (2024). 4(1): DOI: https://doi.org/10.61919/jhrrv4i1.318 Research GaEED

RESULTS

The demographic characteristics and clinical signs of the study sample revealed notable insights into the prevalence and risk factors
associated with Digital Eye Strain among diabetic and non-diabetic groups. The average age of participants in the diabetic group was
56 years, with a standard deviation of 10.3, while the non-diabetic group had an average age of 54 years, with a standard deviation
of 8. The gender distribution was balanced across both groups, with males and females each constituting 44.6% and 54.4% of their
respective groups. A significant difference was observed in the Tear Break Up Time (TBUT) between the two groups, with the diabetic
group showing a median TBUT of 5 seconds, compared to 7 seconds in the non-diabetic group, indicating a higher prevalence of dry
eye symptoms among diabetics (P=0.001) [Table 1].

Moreover, the assessment of ocular surface health, as indicated by Fluorescein Stains (FS) and Tear Meniscus Height, showed
differences albeit not all statistically significant. The diabetic group had a median FS grade of 0.5, compared to 0 in the non-diabetic
group, with a p-value of 0.312, suggesting a trend towards worse ocular surface health in diabetics [Table 1]. The Tear Meniscus
Height also reflected this trend with diabetics having a lower median value of 0.5 mm compared to 0.75 mm in the non-diabetic
group, although this difference approached but did not reach statistical significance (P=0.064) [Table 1].

Ocular and extraocular complaints, including fatigued eyes, irritation, burning sensation, headache, and neck/shoulder pain, were
reported by participants, highlighting the symptomatic burden of Digital Eye Strain. Notably, fatigued eyes were more prevalent in
the diabetic group (49.5%) compared to the non-diabetic group (30.6%). Conversely, irritation of the eyes was reported more
frequently among non-diabetics (46.9%) than diabetics (30.5%). Headaches were significantly more common, affecting 91.8% of the
diabetic group and 80.7% of the non-diabetic group, underlining the broad impact of digital device usage on systemic discomfort
[Table 2].

Table 1: Demographic Characteristics and Clinical Signs

Description Metric Diabetic Group Non-Diabetic Group P-value
Mean Age Years (SD) 56 (10.3) 54 (8) N/A
Gender Male (%) 44.6 44.6 N/A
Female (%) 54.4 54.4 N/A
Tear Break Up Time Seconds (IQR) 5(2) 7 (1) 0.001
Fluorescein Stains Grade (IQR) 0.5(2) 0(1) 0.312
Tear Meniscus Height mm (IQR) 0.5(0.6) 0.75(0.7) 0.064

Table 2: Ocular and Extra Ocular Complaints

Complaint Diabetic Group (%) Non-Diabetic Group (%)
Fatigued Eyes 495 30.6
Irritation of Eyes 30.5 46.9
Burning Sensation 20.3 22.5
Headache 91.8 80.7
Neck/Shoulder Pain 8.2 17.3

Table 3: Association between Computer Usage and Symptoms

Symptom Computer Usage Diabetic Group (%) Non-Diabetic Group (%) P-value
Eye Fatigue >4 Hrs 57 N/A 0.001
Headache >4 Hrs 32.8 N/A 0.029

Table 4: Patterns of Computer Usage and Symptoms

Factor Impact Diabetic  Group | Non-Diabetic Group | P-value
(%) (%)
Improper lllumination (Headache) Yes 27.9 22.1 Diabetic: .021, Non-Diabetic:
.003
Frequency of Breaks (< 1 Hr, Eye | Yes 14.1 26.3 Diabetic: .021, Non-Diabetic:
Fatigue) .001

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 1304



Prevalence, Risk Factors of Digital Eye Strain in Diabetics Journal of Health

Fatima K., et al. (2024). 4(1): DOI: https://doi.org/10.61919/jhrrv4i1.318 ﬁgieﬁgﬁ"\"] HRR
The association between computer usage and symptoms revealed a direct correlation with increased symptoms among those with
higher screen time. In the diabetic group, more than 4 hours of computer use was associated with a 57% prevalence of eye fatigue
and 32.8% prevalence of headaches, significantly higher than among those with less usage, with p-values of 0.001 and 0.029
respectively [Table 3].

Patterns of computer usage, including the impact of improper illumination and the frequency of breaks, were analyzed to understand
their effects on the development of Digital Eye Strain symptoms. Diabetic individuals reported a 27.9% prevalence of headaches
attributed to improper illumination, compared to 22.1% in the non-diabetic group, with respective p-values of 0.021 for diabetics
and 0.003 for non-diabetics. Furthermore, a significant difference was observed in the effect of taking breaks; less frequent breaks
(less than 1 hour) were associated with increased eye fatigue, especially among non-diabetics (26.3%) compared to diabetics
(14.1%), with p-values of 0.021 for diabetics and 0.001 for non-diabetics [Table 4].

DISCUSSION

The findings of this study shed light on the significant impact of Digital Eye Strain (DES) among diabetic and non-diabetic populations,
underscoring a crucial intersection between chronic systemic conditions and digital device usage. Our results demonstrate a higher
prevalence of DES symptoms, particularly reduced Tear Break Up Time (TBUT), among diabetics compared to non-diabetics, aligning
with previous studies that have suggested an exacerbated risk of ocular surface disorders in diabetic individuals due to metabolic
dysregulation affecting the tear film and ocular surface integrity (13).

Moreover, the pronounced symptoms of eye fatigue and headache in the diabetic group, especially with over four hours of computer
use, echo the findings of other studies highlighting the exacerbated impact of screen time on individuals with pre-existing systemic
conditions (14). The link between extended digital device usage and increased DES symptoms emphasizes the need for targeted
interventions to mitigate screen-related ocular discomfort, particularly among vulnerable populations (15).

Interestingly, the role of improper illumination and infrequent breaks in exacerbating DES symptoms suggests an area for
intervention that could benefit both diabetic and non-diabetic groups. These findings are consistent with research by Katz et al.
(2020), which identified environmental and behavioral factors as modifiable risk factors for DES, advocating for ergonomic
adjustments and behavioral modifications as part of DES management strategies (16).

The comparison of clinical signs, such as TBUT and Fluorescein Stains (FS), between diabetic and non-diabetic individuals provides
an important insight into the ocular surface's vulnerability in diabetics (17). Similar studies have reported that diabetic patients often
exhibit compromised tear film stability and ocular surface health, contributing to the higher incidence of DES symptoms (Smith et
al., 2017). This correlation underscores the importance of comprehensive ocular surface evaluation in diabetic patients, especially
those with significant digital device usage (18).

The gender distribution in our study, evenly split across diabetic and non-diabetic groups, highlights the universal impact of DES
across genders. However, this contrasts with some reports suggesting a higher predisposition among females, attributed to hormonal
influences on tear film dynamics (19). The discrepancy may be due to the specific demographic characteristics of our study
population or the overarching influence of diabetes, which may overshadow gender-specific trends in DES prevalence (20, 21).

The prevalence of ocular and extraocular complaints, particularly headaches and neck/shoulder pain, further illustrates the
multifaceted nature of DES, extending beyond the ocular symptoms to involve musculoskeletal discomfort. These findings are
corroborated by research indicating that DES can have a broader systemic impact, affecting overall quality of life and productivity
(22). The interplay between screen time, posture, and environmental factors highlights the complexity of DES etiology, necessitating
a holistic approach to management and prevention (23).

CONCLUSION

In conclusion, our study contributes to the growing body of evidence on the impact of Digital Eye Strain among diabetic and non-
diabetic populations, highlighting significant differences in the prevalence and severity of symptoms. The findings advocate for the
inclusion of digital device usage habits in the clinical assessment of diabetic patients, emphasizing the need for tailored advice on
screen time management, ergonomic practices, and regular ocular evaluations. Future research should explore intervention
strategies, including screen filtering technologies, ergonomic adjustments, and behavioral modifications, to mitigate the impact of
Digital Eye Strain, particularly among vulnerable populations with pre-existing conditions like diabetes.
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