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This cross-sectional study was conducted among hospital staff during the COVID-19 pandemic to
assess the prevalence of dry eye disease (DED) symptoms, associated risk factors, and their impact on
quality-of-life (QOL). Data were collected via an internet-based survey at a tertiary care hospital from
February to June 2022. Participants completed the Thai version of the Dry Eye-related Quality of Life
Score (DEQS-Th) to identify DED symptoms, and measures of general QOL and mental health were
evaluated using the EuroQol-5 Dimensions-5 Levels (EQ-5D-5L) and Thymometer questionnaires.

Of the 1,250 participants (mean age of 39.9 years; 79% female), the prevalence of DED symptoms

was 62.1% (95% Cl 59.4-64.7%). The mean DEQS-Th score was significantly higher among those

with DED (37.7 £ 14.6) compared to those without (8.0 £ 5.3). Multivariable analysis identified several
factors significantly associated with DED symptoms, including female gender (p=0.005), systemic
atopy (p=0.02), preexisting dry eye (p <0.001), pinguecula or pterygium (p=0.047), mobile phone use
(p=0.02), infrequent use of artificial tears (p <0.001), stress (p<0.001), and impaired QOL (p<0.001). In
conclusion, DED symptoms were highly prevalent among hospital staff during the pandemic, adversely
affecting both QOL and mental health. Significant associated factors encompassed demographic,
medical, behavioral, and psychological domains.
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Abbreviations
COVID-19 2019 Coronavirus disease
DED Dry eye disease

DEQS-Th Thai version of dry eye-related quality-of-life score
EQ-5D-5L EuroQol-5 dimensions-5 Levels

QOL Quality-of-life

VDT Visual display terminal

During the 2019 coronavirus disease (COVID-19) pandemic, most countries implemented public health
measures to reduce viral transmission, including self-isolation and social distancing. Consequently, remote
modalities for education and work became prevalent. This shift led to increased digital screen exposure and
prolonged sedentary behavior, both of which have been associated with various health concerns, such as dry eye
disease (DED), digital eye strain, myopia, musculoskeletal disorders, and obesityl’z. The pandemic also caused
substantial disruptions to daily life, contributing to elevated levels of psychological stress, anxiety, and sleep
disturbance®*. These factors have been implicated in the exacerbation of dry eye symptoms, particularly during
periods of lockdown®.

DED is a multifactorial disorder of the ocular surface, recognized as a prevalent condition worldwide.
Reported prevalence rates, based on symptoms and signs, range from 5 to 50%, as described by the 2017
International Dry Eye Workshop®. The pathophysiology of DED is primarily characterized by the disruption of
tear film homeostasis, leading to ocular surface inflammation, damage, and accompanying symptoms’. Common
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symptoms of DED include ocular discomfort, fatigue, grittiness, dryness, redness, foreign body sensation, pain,
and visual disturbances. These manifestations frequently interfere with daily tasks such as reading, writing,
driving, and computer use.

As a chronic condition, DED has a demonstrable impact on both health-related quality-of-life (QOL) and
mental well-being®®-1. In addition, DED imposes a considerable socioeconomic burden, not only through direct
healthcare costs but also via indirect costs such as reduced work productivity and increased absenteeism®!!12,
Therefore, DED is regarded as a major public health concern, affecting not only individuals but also society as
awhole.

Established risk factors for DED include aging, female sex, Asian ethnicity, meibomian gland dysfunction
(MGD), connective tissue diseases, Sjogrens syndrome, androgen deficiency, and modifiable factors such as
digital device use, contact lens wear, hormone replacement therapy, hematopoietic stem cell transplantation,
and the use of certain systemic medications®. Recent shifts in lifestyle and environmental exposure have
contributed to the emergence of additional risk factors for DED, including increased digital screen time, alcohol
consumption, mental health disorders, and air pollution. Several studies have identified a significant association
between prolonged visual display terminal (VDT) use and DED'3-1%. Survey-based studies conducted between
2016 and 2020 have reported high symptom-based prevalence rates of DED, ranging from 62.6 to 85.8%!4716.
Interestingly, some investigations have observed an inverse relationship between age and DED prevalence!4-16.
Moreover, accumulating evidence suggests an association between DED and mental health conditions, including
psychological stress, anxiety, and neuroticism®1%17,

Since the COVID-19 pandemic, several studies have reported elevated prevalence rates of DED (ranging from
60 to 77%) across different populations, with particularly high rates observed among younger individuals'®-%.
However, there is limited research specifically investigating the prevalence of DED and its associated impact
among hospital personnel, who may be particularly susceptible due to occupational factors. These include tasks
requiring sustained concentration, prolonged VDT use, work in enclosed environments, use of face masks,
and sleep deprivation, particularly among night-shift workers. As frontline responders during the COVID-19
pandemic, healthcare workers were subjected to heightened levels of psychological stress and anxiety, factors
that may have further compromised ocular surface health and overall QOL.

The primary objective of this study was to determine the prevalence of dry eye disease (DED) symptoms
among hospital personnel during the COVID-19 pandemic. Secondary objectives included identifying factors
associated with DED symptoms and evaluating their impact on health-related QOL and mental health. The
findings of this study may raise the awareness of DED risk among hospital staff and support the development of
management strategies to mitigate its adverse consequences.

Methods

This study was a cross-sectional, observational internet-based survey conducted from February 2022 to June
2022 at a tertiary center, university hospital in Northern Thailand, which has approximately 5,000 personnel.
Approval was granted by the Research and Ethics Committee of the Faculty of Medicine, Chiang Mai University
(Study code: OPT-2564-08,527), and the study was conducted in accordance with the Declaration of Helsinki
guidelines. The survey was launched online using REDCap (Research Electronic Data Capture; Vanderbilt
University, Tennessee) version 7.6.5 platform. Web-based informed consent was obtained from all participants.

Participants

The hospital staft members of Chiang Mai University Hospital aged > 18 years or older, who were literate in Thai,
were invited to participate in the study. Exclusion criteria included other chronic ocular diseases (e.g., glaucoma,
uveitis), ocular infections and inflammation within the past 3 months, previous ocular or refractive surgery
within the past 6 months, systemic diseases or disabilities that affect daily activities, and psychological disorders
(such as depression, bipolar disorder, or schizophrenia) that had been diagnosed by a healthcare professional or
was currently receiving treatment at the time of the survey. The collected data included demographics, underlying
ocular and systemic diseases, refractive errors, and the main types of correction. It also included receipt of
periocular botulinum toxin injection within the past 6 months, duration and type of VDT use, duration and type
of face mask use, sleeping time, and use of artificial tears.

Measurements
Four questionnaires were used in this online survey:

1) Self-Developed Questionnaire: This section was designed to collect general information and physical health
details, including demographics (gender, age, and occupation); refractive error and correction methods
(glasses, contact lenses, or refractive surgery); history of ocular disease and treatments; underlying systemic
conditions; current medication; previous eyelid surgery or history of periocular botulinum toxin injection;
VDT usage (screen time and type); sleep duration; mask usage (total daily duration and type); and frequency
of artificial tear use.

2) The Thai version of Dry Eye-Related Quality-of-life Score Questionnaire (DEQS-Th):This measurement is based
on the original DEQS questionnaire, which aims to capture both dry eye symptoms and health-related QOL,
functioning as a diagnostic tool for screening DED?!22, It comprised 15 items which were divided into two
subscales: “Ocular symptoms” (6 items); and “Impact on daily life”(9 items). Each item was evaluated for fre-
quency and severity, based on a 5-point scale, ranging from “none of the time” (0) to “all of the time” (4) for
frequency, and a 4-point scale, ranging from “no affect” (1) to “high affect” (4) for severity. The DEQS score
is calculated using the following formula: (sum of the severity scores of all questions answered) x 25/ (total
number of questions answered). The higher scores indicated more severe symptoms and poorer QOL?!. The
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DEQS-Th has been translated and culturally adapted into the Thai language?* and has been assessed for its
validity and reliability in non-DED and DED participants. The cut-off score for the DEQS-Th of 18 or more
was used for diagnosing DED?, although the cut-off score in the original DEQS is > 15?2,

3) The Thai version of the EuroQol-5 Dimensions-5 Levels (EQ-5D-5L) Questionnaire?>: This tool was used to
assess five dimensions of health-related QOL: mobility; self-care; usual activities; pain/discomfort; and anx-
iety/depression. Each question consists of five response levels: no problems (1); slight (2); moderate (3);
severe (4); and extreme problems (5). The EQ-5D-5L index score was calculated from a five-digit code that
specified a particular health state (total score=1—proportion in each dimension). The Thai value set was
used for the analysis. The score ranges from 0 (death) to 1(complete health), and negative values indicate a
health state considered worse than death

4) The Thymometer Questionnaire?®: This single rating scale questionnaire was used to assess mental health in
four dimensions: perceived social support; coping; perceived stress; and depression. Each question consisted
of 10 response levels of which 1 was the lowest and 10 was the highest. The final scores of perceived social
support and coping were calculated from the inversion of the raw scores. Hence, in all four dimensions, the
higher the score the worse mental health.

Statistical analysis

The data extracted from the online platform was subsequently analyzed using SPSS software version 25 (IBM
Corp., Armonk, NY, USA) and STATA software version 16.0 (Stata Corp, USA). Categorical data was analyzed
as a proportion. Numerical data was analyzed as mean (standard deviation, SD) or median (interquartile range,
IQR) based on the distribution of the data. To compare the characteristics, QOL scores, and mental health
scores between participants with DED and non-DED, Chi-square, Fisher’s exact, Mann Whitney-U and t-test
were used based on the type of variable’s types and the data distribution. A p value under 0.05 was considered
statistically significant. Exploratory multivariable logistic regression was used to find the associations between
DED symptoms and various parameters.

Covariates that could potentially influence dry eye were predefined based on previous literature, including
sex (female), age, systemic atopic diseases, preexisting dry eye, pinguecula or pterygium, allergic conjunctivitis,
contact lens use, history of laser vision correction, prior eyelid surgery, history of periocular botulinum toxin
injection, and use of artificial tears®'#?”?8, Additional covariates that showed a significant association with
DED symptoms in this study were subsequently included into the final multivariable linear regression model.
Multicollinearity was checked using variance inflation factors (VIFs). Effect sizes for associations between
potential risk factors and the presence of DED symptoms were expressed as odds ratio (OR) with 95% confidence
interval (CI). The OR of the EQ-5D-5L index was calculated per 0.1-unit decrease, as a 0.1 decrease represents
a moderate decline in QOL and is considered clinically meaningful. Pairwise correlation analyses were used
to assess the relationships between DED and health-related QOL, and DED and mental health challenges.
The sample size was calculated based on a reported DED prevalence of 49.9%°, requiring a minimum of 1,066
participants to achieve a precision estimate of 0.03. The missing data were handled using complete case analysis.

Results

The survey was distributed to all hospital staff members at the Faculty of Medicine, Chiang Mai University
(approximately 5,000 individuals), through institutional email and various social media platforms (including
Facebook and LINE). A total of 1,730 staff members responded, yielding an initial response rate of 34.6%. After
excluding 480 responses due to incomplete data, the final sample comprised 1,250 participants, resulting in a
usable response rate of 25%. Among the 1,250 staff members included in the study, the majority were female
(987 participants, 79%), with a mean age of 39.92 + 11.04 years. Most participants were administrative personnel
(439, 35%), followed by nurses (344, 27.5%) and research personnel (292, 23.4%). The prevalence of DED
symptoms was 62.1% (95% confidence interval [CI]: 59.4-64.7%). Supplementary Fig. 1 shows the prevalence
of DED symptoms by occupation. Among all cases, 255 (20.4%) had preexisting dry eyes. Notably, 754 (60.3%)
participants had never used artificial tears, while 111 (8.9%) reported daily use. During the COVID-19 pandemic,
the median (IQR) device usage per day was 8 (5,10) hours, with mobile phones being the most frequently used
device by 746 participants (59.7%). All participants wore face masks daily, with a mean wear time 0f9.41+2.99 h
per day.

Table 1 shows the characteristics of participants categorized by a diagnosis of DED and non-DED. The
parameters of which proportions between DED and non-DED groups were significantly different included female
gender (p<0.001), occupation (p<0.001), atopic diseases (p <0.001), dyslipidemia (p=0.002), preexisting dry
eye (p<0.001), allergic conjunctivitis (p <0.001), pinguecula or pterygium (p <0.001), refractive error and types
of correction (p <0.001), total device use time per day (p <0.001), device use time for work per day (p <0.001),
type of device used (p <0.001), hours of sleep per night (p=0.007), hours of mask-wearing per day (p=0.045),
and frequency of artificial tears use (p <0.001).

The assessment of general QOL by the EQ-5D-5L (Table 2) showed that the participants with DED symptoms
had a statistically significantly worse QOL than the non-DED participants. The evaluation of mental health as
shown by the Thymometer questionnaire (Table 2) revealed that the perceived social support and coping in
participants with DED symptoms were statistically significantly worse than those of the non-DED. Additionally,
participants with DED symptoms had statistically significantly greater perceived stress and depression.

Based on the results from Tables 1 and 2, factors showing significant associations to DED symptoms, as well
as the EQ-5D-5L and Thymometer subscales were subsequently included in the final multivariable regression
model. The VIF ranged 1.11 to 4.98, indicating that multicollinearity was not a concern. The multivariable
analysis (Table 3) showed that factors associated with DED symptoms included being female (odds ratio,
OR=1.62; 95% CI=1.16 to 2.26; p=0.005), having systemic atopic diseases (OR=1.64; 95% CI=1.07 to 2.51;
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Overall DED Non-DED
Variables (n=1,250) (n=776) (n=474) p value
Age; year (mean age +SD) 39.92+11.04 | 39.38+11.25 | 38.16+10.67 0.057
Gender; n (%)
Female 987 (79.0) 654 (84.3) 333 (70.3) <0.001*
Male 263 (21.0) 122 (15.7) 141 (29.7)
Occupation; n (%)
Administrative personnel 456 (36.5) 256 (33.0) 200 (42.2) <0.001*
Nurse 344 (27.5) 247 (31.8) 97 (20.5)
Researcher or research personnel 292 (23.4) 171 (22.1) 121 (25.5)
Physician 85 (6.8) 53 (6.8) 32 (6.8)
Physician assistant/ nursing assistant 37(3.0) 27 (3.5) 10 (2.1)
Pre-clinic instructor 11 (0.9) 9(1.2) 2(0.4)
Missing data 25(2.0) 13 (1.7) 12 (2.5)
Underlying systemic diseases; n (%)
Atopic diseases 215 (17.2) 172 (22.2) 43(9.1) <0.001*
Dyslipidemia 153 (12.2) 112 (14.4) 41 (8.6) 0.002*
Hypertension 128 (10.2) 87 (11.2) 41 (8.6) 0.147
Diabetes mellitus 34(2.7) 19 (2.4) 15(3.2) 0.450
Neurological diseases 7(0.6) 5(0.6) 2(0.4) 0.609
Underlying eye diseases; n (%)
Preexisting dry eye 255 (20.4) 230 (29.6) 25(5.3) <0.001*
Allergic conjunctivitis 52 (4.2) 47 (6.1) 5(1.1) <0.001*
Pinguecula or pterygium 42 (3.4) 34 (4.4) 8(1.7) 0.010%
Refractive error and main types of correction; n (%) | 805 (64.4) 578 (74.5) 227 (47.9) <0.001*
No correction 93 (7.4) 70 (9.0) 23 (4.9)
Glasses 650 (52.0) 470 (60.6) 180 (38)
Contact lenses 155 (12.4) 115 (14.8) 40 (8.4)
Laser vision correction 33(2.6) 25(3.2) 8(1.7)
Previous eyelid surgery; n (%) 58 (4.6) 40 (5.2) 18 (3.8) 0.272
Periocular botulinum toxin injection; n (%) 84 (6.7) 57 (7.3) 27 (5.7) 0.263
Device use time/day; hours (median, IQR)
Total 8 (5, 10) 8 (5, 10) 8(5,12) 0.002*
For work 6(3,8) 5(2,8) 6(4,8) <0.001*
Most common type of device used; n (%)
Mobile phone 746 (59.7) 431 (55.5) 315 (66.5) <0.001*
Computer/Tablet 490 (39.2) 339(43.7) 151 (31.8)
Television 14 (1.1) 6(0.8) 8(1.7)
Sleep time per night; hours (mean+ SD) 6.47+1.03 6.40+1.00 6.57+1.07 0.007*
Mask wearing time per day; hours (mean + SD) 9.41+2.99 9.55+3.00 9.19+2.96 0.045*
Mask types; n (%)
Surgical mask/ fabric mask 939 (75.1) 565 (72.8) 374 (78.9) 0.106
N95 mask 76 (6.1) 53 (6.8) 23 (4.9)
Double masking (any types of masks) 235 (18.8) 158 (20.4) 77 (16.2)
Frequency of artificial tears use; n (%)
Every day 111 (8.9) 97 (12.5) 14 (2.9) <0.001*
Occasional (not every day) 385 (30.8) 304 (39.2) 81(17.1)
Never 754 (60.3) 375 (48.3) 379 (80)

Table 1. Characteristics of participants with DED and non-DED. *: p value < 0.05, DED: dry eye disease, IQR:
interquartile range; non-DED: non-dry eye disease, SD: standard deviation.

p=0.02), preexisting dry eye (OR=3.33; 95% CI=1.99 to 5.57; p<0.001), mobile phone use (OR=1.47; 95%
CI=1.06 to 2.04; p=0.02), and infrequent use of artificial tears (OR=1.62; 95% CI=1.32 to 1.99; p<0.001).
Increased DED symptoms were also associated with higher perceived stress (OR=1.20; 95% CI=1.11 to 1.31;
p<0.001). This odds ratio (OR) of 1.20 for perceived stress indicates that each one-point increase in the stress
score is associated with a 20% increase in the odds of experiencing DED symptoms. Additionally, Table 3 shows
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Overall DED Non-DED
Scores (n=1,250) (n=776) (n=474) p value
DEQS-TH; median (IQR)
Eye symptom subscale 25.0 (12.5,41.7) | 37.5(25.0,50.0) | 8.3 (4.2,16.7) | <0.001
Impact on daily life subscale | 22.2 (8.3,38.9) | 36.1(27.9,47.2) | 5.6 (0, 11.1) <0.001
Summary score 25.0 (13.3,40.0) | 35 (26.7, 45.8) 10 (5,13.3) <0.001
EQ-5D-5L; mean+ SD 0.96+0.07 0.95+0.08 0.98+0.05 <0.001
Thymometer; median (IQR)
Perceived social support 3(2,5) 3(2,5) 3(2,4) 0.001
Coping 4(3,5) 4(3,5) 3(2,4) 0.002
Perceived stress 4(3,6) 5(3,7) 4(2,5) <0.001
Depression 3(1,4) 3(2,5) 2(1,4) <0.001

Table 2. The comparison of mental health-associated scores in DED and non- DED. DED: dry eye disease,
IQR: interquartile range, non-DED: non-dry eye disease, SD: standard deviation.

Variables Odds ratio | 95% confidence interval | p value
Female 1.62 1.16 to 2.26 0.005*
Age 1.01 0.99 to 1.02 0.48
Occupation ? 0.97 0.91 to 1.03 0.30
Education level ® 1.06 0.92 to 1.22 0.44
Diabetes mellitus 0.98 0.43t02.2 0.96
Dyslipidemia 1.47 0.90 to 2.4 0.12
Systemic atopic diseases 1.64 1.07 to 2.51 0.02*
Preexisting dry eye 3.33 1.99 to 5.57 <0.001*
Pinguecula or pterygium 2.60 1.00 to 6.77 0.047*
Allergic conjunctivitis 291 0.92t0 9.23 0.07
Contact lens use 1.14 0.72to0 1.81 0.57
History of laser vision correction 0.66 0.23t0 1.88 0.43
Previous eyelid surgery 0.86 0.43to 1.71 0.66
History of periocular botulinum toxin injection | 0.86 0.49 to 1.53 0.61
Device use time per day 1.00 0.96 to 1.05 0.84
Most common type of device used

Computer Reference

Mobile phone 1.47 1.06 to 2.04 0.02*
Tablet 113 0.48 to 2.68 0.76
Television 0.48 0.12 to 1.97 0.31
Device use time for work per day 1.04 0.98to 1.1 0.18
Hours of sleep per night 0.91 0.79 to 1.04 0.16
Hours of mask wearing per day 1.04 0.99 to 1.09 0.09
Type of mask © 1.05 0.93t0 1.18 0.44
Use of artificial tears ¢ 1.62 1.32t0 1.99 <0.001*
Thymometer

Perceived social support 0.95 0.87 to 1.05 0.35
Coping 1.00 0.89to 1.13 0.94
Perceived stress 1.20 1.11 to 1.31 <0.001*
Depression 0.99 0.9 to 1.09 0.85
EQ-5D-5L (per 0.lunit decrease) © 2.10 1.56 to 2.51 <0.001*

Table 3. Associated factors of DED symptoms using logistic regression models in multivariable analysis. *: p
value <0.05, DED: dry eye disease, EQ-5D-5L: EuroQol-5-dimension 5-level. * Reference group: administrative
personnel, ® Reference group: education level below bachelor’s degree, ¢ Reference group: surgical or fabric
mask, ¢ Reference group: daily use of artificial tears, ¢ Index score of the EQ-5D-5L was used for the analysis.
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Eye symptom Impact on daily

subscale life subscale Total score
DEQS-Th r pvalue | r p values | r p values
EQ-5D-5L -0.294 | <0.001 | =0.350 | <0.001 |-0.348 | <0.001
Thymometer
Perceived social support* | 0.110 | <0.001 | 0.148 <0.001 |0.141 | <0.001
Coping* 0.128 | <0.001 | 0.139 <0.001 |0.143 | <0.001
Perceived stress 0.247 | <0.001 | 0.273 <0.001 |0.279 | <0.001
Depression 0.193 | <0.001 | 0.234 <0.001 |0.231 | <0.001

Table 4. Correlations between the DEQS-Th and the EQ-5D-5L, and between the DEQS-Th and the
Thymometer. *: with the inversion of scores, DEQS-Th: Thai-version of dry eye-related quality-of-life score
questionnaire, EQ-5D-5L: EuroQol-5-dimension 5-level, r: Pearson correlation coefficient.

that a 0.1 unit decrease in EQ-5D-5L index scores, reflecting a poorer state of health, is associated with a 110%
increase in the odds of experiencing DED symptoms (OR=2.10; 95% CI=1.56 to 2.51; p <0.001).

As shown in Table 4, weak negative correlations were observed between EQ-5D-5L and each DEQS-
Th subscale, with statistical significance being shown (r=-0.294 to -0.350, all p<0.001). Similarly, each
Thymometer dimension showed statistically significant weak positive correlations with the DEQS-Th subscales
(r=0.110 to 0.279, all p<0.001).

Discussion

This cross-sectional study demonstrates the high prevalence of DED symptoms and their impact on QOL among
hospital staff during the COVID-19 pandemic. Several hospital infection control measures, for example, the
mandatory use of personal protective equipment (including face masks and gowns), reduced air conditioning
leading to elevated indoor temperatures, and frequent use of antiseptics, potentially altering the ocular
microbiome, may have contributed to an increased risk of DED. The survey was conducted during the third wave
of the pandemic, when antiviral treatments and COVID-19 vaccines were widely available. Most participants
were administrative personnel (35.1%) and nurses (27.5%), with a mean age of 39 years. Based on the DEQS-
Th criteria, the prevalence of DED symptoms in this cohort was 62%. This rate is comparable to that reported
among Palestinian nurses (62%)?° but notably higher than the prevalence reported among physicians and nurses
in China (35.8%). Variations in reported DED prevalence may be attributable to differences in diagnostic
criteria, occupational roles, and the timing of data collection.

Before the COVID-19 pandemic, the prevalence of DED among paramedical workers in Korea was reported
at 42.7%, with an increased risk observed among female workers and those experiencing psychological stress
or prolonged computer use!”. Similarly, a study among surgical residents (mean age 27.8 years) reported a DED
prevalence of 56%, suggesting that working in environments with limited ventilation and tasks requiring high
concentration, such as operating rooms, may further elevate DED risk>!. These findings underscore the potential
influence of environmental factors in hospital settings on ocular surface health.

In this study, covariates for the multivariable model were selected based on both previous literature and
significant associations identified in our univariate analyses. Multicollinearity was assessed using variance
inflation factors (VIFs) and was not identified as a concern. We found that factors significantly associated with
DED symptoms among hospital staff included female gender, systemic atopy, pre-existing dry eye, presence of
pinguecula or pterygium, mobile phone use, infrequent use of artificial tears, and mental health challenges such
as perceived stress and lower general QOL.

During the pandemic, hospital workers faced tasks demanding sustained concentration and higher cognitive
demand, coupled with extensive digital screen use. Although the average screen time among participants was
eight hours per day, no significant difference was observed between DED and non-DED groups regarding screen
time duration. This contrasts with prior studies demonstrating strong associations between prolonged visual
display terminal (VDT) use and DED!*2, where reduced blink rates and incomplete blinking during screen use
contribute to increased tear evaporation. This process destabilizes the tear film and leads to hyperosmolarity,
both key mechanisms in DED pathophysiology. These findings also diverge from a recent systematic review
indicating that extended VDT use (>4 h/day) increases the prevalence of DED*. This discrepancy of the
findings may be potentially due to the differences in study population, the methodology, and the sample size
among studies. Additionally, DED among VDT users has been linked to decreased work productivity!!.

Notably, mobile phone use emerged as a significant risk factor for DED symptoms in this study. Prior research
from Korea identified smartphones as a DED risk factor among pediatric populations**. Smartphones are now
integral to daily life, yet their smaller screens and shorter viewing distances may exacerbate ocular fatigue, glare,
and irritation. Additionally, blue light exposure from these devices, particularly during evening use, can suppress
melatonin production, disrupt circadian rhythms, and impair sleep, all of which are associated with worsening
dry eye symptoms®. Poor sleep quality, in turn, has been implicated in exacerbating dry eye®>*, although sleep
duration itself was not significantly associated with DED symptoms in this study. Sleep disorders are known to be
associated with dysautonomia, which can impair tear production and disrupt tear homeostasis*’. A recent study
has found that impaired sleep quality, particularly due to sleep fragmentation, is significantly correlated with
DED. Both longer sleep latency and shorter sleep duration were shown to worsen DED?®. The authors suggested
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that sleep disruption- especially when related to modern lifestyle factors such as excessive digital device use and
mental health issues like depression, anxiety, and stress-significantly increases the risk of developing DED3.

Female gender was also significantly associated with DED, a finding consistent with previous studies
reporting higher DED prevalence and severity among women, particularly with advancing age®*. Hormonal
influences on lacrimal and meibomian gland function, goblet cell density, and corneal nerve health are thought
to contribute to these sex differences*’. Moreover, immune-mediated disease and chronic pain syndrome, more
prevalent among women, may also play a role in DED development®.

Additionally, the presence of pinguecula or pterygium was associated with symptoms of DED, supporting the
multifactorial nature of DED in the context of ocular surface degeneration’.

While allergic conjunctivitis was not significantly associated with DED symptoms in this study, systemic
atopy was. This may be partially explained by the use of antihistamines, which reduce lacrimal gland aqueous
production and goblet cell mucin secretion through antagonism of peripheral muscarinic receptors*!.

The widespread use of protective face masks during the pandemic, though essential for infection control,
has been linked to ocular discomfort and DED, particularly among healthcare workers and individuals with
pre-existing DED. Reported rates of mask-associated dry eye range from 7.9 to 70%*>-*%. Potential causative
mechanisms include increased airflow towards the ocular surface during exhalation, promoting tear evaporation,
and exposure to elevated carbon dioxide levels in exhaled air, which may alter corneal nerve function and
promote inflammation*®. While prior research suggests the duration of mask-wearing is more impactful than
mask type?®, our study found no association between both variables and DED symptoms, possibly due to the
proficiency of participants with regard to proper mask use.

The pandemic has adversely affected daily life, with particular impact on increased psychological stress
and anxiety levels. In this study, DEQS-Th scores showed a significant correlation with general QOL and
mental health indicators, including perceived social support, coping strategies, stress, and depression, though
correlations were modest. Importantly, we found that even a small decrease in QOL (a 0.1-unit decrease in the
EQ-5D-5L index, which typically reflects a clinically meaningful decline in overall health status) is associated
with an increase in the odds of experiencing DED symptoms. Psychological stress and impaired general QOL
were also independently associated with DED symptoms. These findings align with previous research which
linked DED to increased stress and anxiety during the pandemic®¥. The relationship between DED and
psychological stress may involve altered pain perception, somatization, and systemic inflammation through
cytokine production®®. Furthermore, stress may contribute to anxiety and depression, which are known to
exacerbate DED symptoms. Stress management interventions may, therefore, play a supportive role in DED
management, although longitudinal studies are needed to elucidate these relationships.

This study has several limitations to be addressed. First, all data, including screen time, mask usage, sleep
duration, symptoms, diagnoses, and treatments, were self-reported, introducing potential recall bias. Second,
participants who should have been excluded, such as those with psychological disorders, may have been
inadvertently included in the study due to the anonymous and self-reported nature of the survey, which may
affect the accuracy of the analysis.

Third, the diversity of participants in this study may affect the generalizability of our findings make the
results may not fully represent health care workers in all setting or roles. Fourth, DED prevalence was assessed
solely through symptom questionnaires without confirmation by ocular examinations. As a result, the findings
reflect the prevalence of DED symptoms rather than clinically confirmed DED. This approach may overestimate
prevalence and miss asymptomatic cases. However, the use of validated symptom questionnaires is common
in large-scale studies, especially when clinical examinations are not feasible. In this study, conducting in-
person eye exams was particularly challenging due to the COVID-19 pandemic, further justifying reliance on a
questionnaire-based survey. Finally, the cross-sectional study design limits the ability to infer causal relationships
between associated risk factors and DED symptoms.

In conclusion, DED symptoms were highly prevalent among hospital staff during the COVID-19 pandemic,
negatively affecting vision-related QOL and mental health. Significant risk factors included female gender,
systemic atopy, existing dry eye, pinguecula or pterygium, mobile phone use, infrequent artificial tear use,
psychological stress, and poor QOL. In our study, mask-wearing and total screen time were not linked to
DED symptoms. These findings highlight the need for awareness, preventive strategies, and access to proper
management to support ocular health as well as work performance in healthcare workers.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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