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ABSTRACT 
Background: Dry eye disease (DED) is a prevalent ocular surface disease that is affected by environmental and 
occupational exposures. Outdoor workers are often more susceptible to exposure to the sun, dust, wind and heat, and 
indoor workers are often exposed to long periods of digital screen viewing and air conditioning. 
Objective: To determine if the prevalence and severity of DED are different between outdoor and indoor workers and 
to identify occupational and physiological factors associated with DED. 
Methods: This was a comparative cross-sectional study and included 150 adults divided equally into 75 outdoor 
workers and 75 indoor workers which were recruited from the Department of Ophthalmology, Al-Nafees Medical 
College, Islamabad and Department of Physiology, University College of Medicine and Dentistry, Pakistan in the 
period of February 2025 to February 2026. DED was evaluated by the Ocular Surface Disease Index (OSDI), tear-
film break-up time (TBUT) and Schirmer's test. Occupational exposures were documented and independent 
associations were determined by multivariable logistic regression. 
Results: The overall prevalence of DED was 46.7% and was significantly higher for outdoor workers compared to 
indoor workers (58.7% vs. 34.7%, p=0.003). Outdoor workers had higher OSDI scores (24.6 ± 15.2 vs. 17.1 ± 13.7; 
p=0.002), shorter TBUT (7.4 ± 2.6 vs. 9.2 ± 3.0 seconds; p<0.001), and lower Schirmer values (11.8 ± 4.9 vs. 14.1 ± 
5.2 mm/5 minutes; p=0.006). DED was independently associated with outdoor occupation (aOR 2.31), dust/wind 
exposure (aOR 2.68), and screen exposure ≥6 hours/day (aOR 2.14). 
Conclusion: DED was prevalent among workers and was much more prevalent among outdoor workers. Diseases 
were significantly associated with occupational and environmental exposures. 
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INTRODUCTION 
Dry eye disease (DED) is a multifactorial disorder of 
the ocular surface characterized by disruption of tear-
film homeostasis and accompanied by symptoms such 
as ocular dryness, burning, irritation, foreign-body 
sensation, visual fluctuation, and ocular fatigue. Its 
pathophysiology is related to tear-film instability, 
hyperosmolarity, inflammation of the ocular surface, 
neurosensory abnormalities, and tear production 
changes [1]. DED is increasingly recognized as an 
important public health and occupational health 
concern because persistent symptoms may impair 
visual performance, reduce work efficiency, interfere 
with daily activities, and adversely affect quality of life 
[2,3]. 
Physiological and environmental conditions affect the 
occurrence and severity of DED. Individuals may be 
more susceptible because of advancing age, sex, 
systemic diseases, medication use, smoking, decreased 

tear secretion, and decreased tear-film stability [4]. 
Ocular surface dysfunction can also be made worse by 
environmental conditions which can increase tear 
evaporation or increase ocular irritation. Low 
humidity, high temperatures, wind, airborne 
particulate matter, dust, sunlight, and pollutants have 
all been linked to the increased instability of the 
preocular tear film. As a result, occupational 
environment could be a significant, potentially 
modifiable risk factor for DED [5]. 
Exposure to climatic and environmental factors, 
including direct sunlight, high temperatures, wind, 
humidity and dust, is recurring for outdoor workers. 
Chronic exposure to these conditions could contribute 
to increased tear evaporation, decreased tear-film 
break-up time and increased ocular surface irritation 
[6]. However, indoor workers can have varying risk 
factors in their work environment, such as excessive 
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exposure to digital screens, artificial light, air 
conditioning and lower relative humidity. Continuous 
visual fixation while viewing a screen can reduce the 
number of blinks and increase incomplete blinks, 
leading to poor tear-film redistribution and causing 
evaporative dry eye. So, DED could be caused by both 
indoor and outdoor work jobs by different 
physiological and environmental mechanisms [7,8]. 
The evidence comparing workers who are subjected to 
significantly different environments is still scant, 
especially in Pakistan [8] despite the growing 
relevance of DED to the occupations. Outdoor workers 
may also experience additional ocular surface stress 
due to local climatic conditions such as intense heat, 
dry air, dust and environmental pollution, and the rapid 
growth of computer and smartphone use in the 
workplace could also contribute to the rise of DED in 
indoor workers. Symptom assessment may not be 
sufficient to measure the burden of disease, so it is 
important to complement a validated symptom 
assessment with objective physiological markers 
including tear-film break-up time (TBUT) and 
Schirmer's test for more complete evaluation of ocular 
surface function [9]. 
Knowing the relative importance of the occupational 
environment, behavioral exposure, and abnormalities 
of the physiological tear film may help in the 
identification of workers at high risk and the selection 
of preventive methods or techniques. Accordingly, the 
present study aimed to determine and compare the 
prevalence and severity of dry eye disease among 
outdoor and indoor workers and to identify 
physiological, occupational, and environmental 
factors associated with DED. It was hypothesized that 
outdoor workers would demonstrate a greater burden 
of DED because of prolonged exposure to sunlight, 
wind, dust, and heat, while extended digital-screen 
exposure and air-conditioned environments would 
represent important risk factors among indoor workers 
[10,11]. 
MATERIALS AND METHODS 
Study Design and Setting 
A community-based comparative cross-sectional 
study was conducted from February 2025 to February 
2026 through the Department of Ophthalmology, Al-
Nafees Medical College, Islamabad, Pakistan, in 
collaboration with the Department of Physiology, 
University College of Medicine and Dentistry 
(UCMD), Pakistan. The study aimed to compare the 
prevalence and severity of dry eye disease (DED) 
between adults predominantly working in outdoor and 
indoor environments and to identify physiological, 
occupational and environmental factors associated 
with DED. 
Study Population and Sample Size 

150 adult workers were recruited for the study. The 
participants were divided into 2 homogeneous groups 
based on their main occupational setting: 75 outdoor 
workers and 75 indoor workers. Outdoor workers were 
workers whose daily work activities were mainly in 
the outdoor environment and who were regularly 
exposed to sunlight, wind, dust or heat. Indoor workers 
were workers whose primary occupation was 
conducted mostly in indoor workplaces, like offices, 
educational institutions, laboratories, healthcare 
facilities, or commercial buildings. 
The sample size was deemed sufficient to compare the 
prevalence of DED between the two occupational 
groups, and for evaluation of multiple potential 
predictors. A non-probability sampling method was 
used for the recruitment of participants until the 
desired sample size was obtained. 
Eligibility Criteria 
The study included adults (18-60 years) who had 
worked in their current occupation for at least one year 
and had worked at least 6 hours per day regularly. 
Participants had to sign an informed consent and be 
able to fill out the symptom questionnaire and have an 
ocular surface evaluation. 
Patients with active conjunctivitis, keratitis, corneal 
ulceration, significant ocular trauma, recent ocular 
surgery (within 6 months), known serious corneal 
disease, or other ocular disorders that could affect tear-
film assessment were excluded. Where clinically 
indicated, participants who used topical ocular 
medications which could significantly affect tear 
production were also excluded. Systemic illness, 
medication history, smoking history and prior ocular 
disease history were, however, recorded for 
consideration as potential confounding factors. 
Data Collection and Occupational Assessment 
Structured interviewer-administered questionnaire and 
a standardized ophthalmic examination were used to 
collect the data. Details recorded included age, sex, 
smoking history, occupational category, average daily 
hours worked, duration of employment, and medical 
history and current medications. 
Occupational and environmental exposure assessed 
based on the participants' typical work environment. 
The number of hours per day on average that they 
spent in sunlight, dust, wind, heat, air-conditioning, 
and digital screens were gathered. Participants were 
also queried regarding use of protective eyewear, 
occupational breaks and periods of continuous 
computer use. The time spent in the screen was 
documented in hours per day and categorized for 
analyses, with prolonged screen time defined as ≥ 6 
hours per day. Likewise, high amounts of sun and 
dust/wind exposure were classified as exposure of 4 
hours or more every day during the work day. 
Dry eye symptoms assessment 
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Subjective dry eye symptoms were determined by the 
Ocular Surface Disease Index (OSDI). This 
questionnaire assesses how often people experience 
ocular symptoms, visual-function limitations, and 
discomfort due to environmental factors in the week 
before the survey. The final OSDI score is a score from 
0 to 100, with a higher score representing more severe 
symptoms. Scores were categorized as normal (0–12), 
mild (13–22), moderate (23–32), and severe (≥33). 
Objective tear film testing was performed last to 
minimize the chance that examining procedures 
affected the likelihood of symptoms being reported on 
the OSDI assessment. 
Tear-Film Break-Up Time 
The tear-film break-up time (TBUT) test was used to 
evaluate tear-film stability. A small quantity of 
fluorescein was placed in the lower conjunctival fornix 
and the participants were asked to blink several times 
to ensure a uniform distribution of the fluorescein over 
the ocular surface. These were then asked to close their 
eyes and the tear film was viewed with cobalt-blue 
illumination at slit lamp. The time in seconds from the 
last blink to the first dark break in the fluorescein 
stained tear film was recorded. Where possible, 
measurements were repeated and the representative 
value used for analysis. TBUT time of less than 10 
seconds was defined as indicative of tear-film 
instability. 
Schirmer's Test 
The Schirmer's test was used to measure aqueous tear 
production. A standardised filter paper strip was 
inserted in the lower conjunctival fornix, which 
usually coincided with the mid-lateral third of the 
lower eyelid. All subjects were asked to close their 
eyes softly during the examination. The strip was 
removed, after 5 minutes, and the length of wetting 
was measured in millimeters. Values less than this 
were thought to be indicative of decreased tear 
secretion, and the Schirmer measurement was 
interpreted in conjunction with the clinical symptoms 
and TBUT findings, but not as a sole diagnostic 
criterion. 
Definition of Dry Eye Disease 
DED was diagnosed using a symptom/sign combined 
approach. DED was defined as the presence of 
clinically significant dry eye symptoms, Tear Film 
Break-up Time (TBUT) < 5s and/or Schirmer < 5mm. 
This composite definition was chosen because 
symptoms alone are not necessarily a good indicator 
of physiological abnormalities of the ocular surface. 
Severity was also defined by OSDI class and the 
severity of abnormality in objective tear-film 
evaluation. TBUT and Schirmer values were also 
examined as continuous physiological measures to 
assess the association between these and symptom 
burden. 

Ophthalmic Examination 
A basic ocular examination was performed on all the 
participants to rule out ocular conditions that may 
affect the assessment of dry eye. Examination 
comprised the use of visual inspection of eyelids and 
conjunctiva, anterior-segment examination and slit-
lamp examination (when available). Significant 
corneal disease and/or features suggestive of active 
infection and/or another ocular condition that would 
need to be excluded were documented. Standardized 
procedures were used to minimize inter-observer 
variation. 
Outcome Measures 
The main outcome was the rate of DED in the outdoor 
and indoor workers. Other secondary outcomes were 
inter-occupational group differences in OSDI scores, 
TBUT and Schirmer-test values, and in dry-eye 
severity. Other findings were linkages of DED with 
age, sex, smoking, duration of employment, working 
hours, screen time, exposure to sunlight, dust and wind 
exposure, heat exposure, air-conditioning and wearing 
protective eyewear. 
Statistical Analysis 
The data were entered and analyzed by using the IBM 
SPSS statistics. Continuous variables were assessed 
for distribution and presented as mean ± standard 
deviation in the case of near normal distribution, and 
as median with interquartile range for non-normally 
distributed variables. Categorical data were analyzed 
in terms of frequencies and percentages. 
The independent-samples t-test or Mann-Whitney U 
test was used to compare continuous variables 
between the outdoor and indoor workers as per the 
appropriate test. Chi-square or Fisher's exact test were 
used for comparison of categorical variables, 
depending on whether the cell frequencies were small. 
Pearson's or Spearman's correlation analysis, 
depending on the distribution of data, was used to 
assess the associations between OSDI scores and 
physiological tear film measurements. 
Binary logistic regression was employed to find 
factors associated with the presence of DED. 
Multivariable models were built for variables that 
were deemed clinically relevant as well as those that 
showed association on univariable analysis. Adjusted 
odds ratios (aORs) and 95% confidence intervals (CIs) 
are reported. Occupational category was highly 
correlated with several environmental variables, 
including sun, dust, wind and heat, and therefore this 
was carefully evaluated to avoid multicollinearity. A 
two-sided p-value <0.05 was considered statistically 
significant. 
Ethical Considerations 
The study followed the ethical guidelines of the 
Declaration of Helsinki. Before data collection, the 
appropriate institutional ethics/review committee 
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provided ethical approval. Each participant was 
provided with information on the aims of the study and 
the procedures to be followed, and signed informed 
consent was required for participation. The 
confidentiality of the participants was respected during 
the study and no personally identifiable data were 
analysed. 
Results 
Participant Characteristics 
A total of 150 participants were included, of which 75 
were outdoor workers and 75 were indoor workers. 
The study population comprised 78 males (52.0%) and 
72 females (48.0%), with an overall mean age of 36.9 
± 9.1 years. The outdoor group and the indoor group 
were similar with respect to the age, sex distribution, 
smoking status, duration of employment and the 
percentage working more than eight hours per day. 
There were significant differences between the groups 
in terms of occupational exposures patterns. There was 
a significantly higher exposure to sun and dust or wind 
among outdoor workers and to digital screens and air-
conditioned environment among indoor workers. 
65.3% of the indoor workers reported screen exposure 
≥6 hours/day, and 74.7% of the outdoor workers 
reported sunlight exposure ≥4 hours/day. Likewise, 
outdoor workers were much more likely to experience 
long-term dust or wind exposure. The detailed 
demographic and occupational characteristics are 
given in Table 1. 
Table 1. Demographic and Occupational 
Characteristics of Participants 

Variable Outdo
or 
worke
rs 
(n=75) 

Indoo
r 
worke
rs 
(n=75
) 

Statistica
l test 

p-
valu
e 

Age, 
years 

38.0 ± 
9.4 

35.9 ± 
8.8 

Independe
nt-
samples t-
test 

0.15
9 

Male sex 40 
(53.3
%) 

38 
(50.7
%) 

Chi-
square 
test 

0.74
4 

Female 
sex 

35 
(46.7
%) 

37 
(49.3
%) 

Chi-
square 
test 

0.74
4 

Current 
smoking 

17 
(22.7
%) 

12 
(16.0
%) 

Chi-
square 
test 

0.30
2 

Employm
ent 
duration, 
years 

9.2 ± 
5.8 

8.4 ± 
5.1 

Independe
nt-
samples t-
test 

0.37
2 

Working 
>8 
hours/day 

32 
(42.7
%) 

29 
(38.7
%) 

Chi-
square 
test 

0.61
9 

Screen 
exposure 
≥6 
hours/day 

12 
(16.0
%) 

49 
(65.3
%) 

Chi-
square 
test 

<0.0
01 

Sunlight 
exposure 
≥4 
hours/day 

56 
(74.7
%) 

5 
(6.7%) 

Chi-
square 
test 

<0.0
01 

Dust/win
d 
exposure 
≥4 
hours/day 

50 
(66.7
%) 

10 
(13.3
%) 

Chi-
square 
test 

<0.0
01 

Air-
conditioni
ng ≥6 
hours/day 

7 
(9.3%) 

53 
(70.7
%) 

Chi-
square 
test 

<0.0
01 

Regular 
protective 
eyewear 

19 
(25.3
%) 

15 
(20.0
%) 

Chi-
square 
test 

0.43
6 

Prevalence and Severity of Dry Eye Disease 
In total, 70 of 150 participants (46.7%) met criteria for 
dry eye disease. There was a significant difference in 
the prevalence of DED between the outdoor and 
indoor workers (p=0.003), with 58.7% (44/75) of the 
outdoor workers and 34.7% (26/75) of the indoor 
workers having DED. Crude odds for DED were thus 
about 2.7 times higher among outdoor workers as 
compared to indoor workers. 
The severity of the disease was also higher in the 
outdoor group. Twenty-seven outdoor workers 
(36.0%) had moderate or severe DED, while 13 indoor 
workers (17.3%) had the disease. There was a 
significant difference in overall distribution of normal, 
mild, moderate and severe disease among the different 
occupational groups (p=0.023). 
The same was observed on objective physiological 
assessment. There was a statistically significant 
difference in OCDI (mean±SD) between outdoor and 
indoor workers (24.6±15.2 vs. 17.1±13.7; p=0.002). 
Tear-film break-up time (TBUT) was significantly 
shorter among outdoor workers (7.4 ± 2.6 vs. 9.2 ± 3.0 
seconds; p<0.001), while Schirmer's test values were 
also significantly lower (11.8 ± 4.9 vs. 14.1 ± 5.2 mm/5 
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minutes; p=0.006). The results are presented in Table 
2. 
Table 2. Dry Eye Disease Prevalence, Severity, and 
Physiological Parameters 

Paramet
er 

Outdo
or 
worke
rs 
(n=75) 

Indoo
r 
worke
rs 
(n=75) 

Statistical 
test 

p-
value 

Dry eye 
disease 

44 
(58.7%
) 

26 
(34.7
%) 

Chi-
square test 

0.003 

No dry 
eye 
disease 

31 
(41.3%
) 

49 
(65.3
%) 

Chi-
square test 

0.003 

Mild 
disease 

17 
(22.7%
) 

13 
(17.3
%) 

Chi-
square test 

— 

Moderat
e disease 

18 
(24.0%
) 

9 
(12.0
%) 

Chi-
square test 

— 

Severe 
disease 

9 
(12.0%
) 

4 
(5.3%) 

Chi-
square test 

— 

Overall 
severity 
distributi
on 

— — Chi-
square test 

0.023 

OSDI 
score 

24.6 ± 
15.2 

17.1 ± 
13.7 

Independe
nt-
samples t-
test 

0.002 

TBUT, 
seconds 

7.4 ± 
2.6 

9.2 ± 
3.0 

Independe
nt-
samples t-
test 

<0.0
01 

Schirmer
's test, 
mm/5 
minutes 

11.8 ± 
4.9 

14.1 ± 
5.2 

Independe
nt-
samples t-
test 

0.006 

Relationship Between Symptoms and Tear-Film 
Physiology 
Greater symptom burden was significantly associated 
with deterioration in objective tear-film parameters. 
OSDI scores showed a moderate inverse correlation 
with TBUT (r=-0.48, p<0.001), indicating that 
increasing symptom severity was accompanied by 
reduced tear-film stability. OSDI scores were also 

inversely correlated with Schirmer's test values (r=-
0.34, p<0.001). In contrast, TBUT and Schirmer's test 
values demonstrated a positive correlation (r=0.39, 
p<0.001), indicating concordance between tear-film 
stability and aqueous tear production. 
Factors Associated with Dry Eye Disease 
On regression analysis, outdoor occupational 
environment was strongly associated with DED and 
remained significant after adjustment for demographic 
and occupational variables. Outdoor workers had more 
than twice the adjusted odds of DED compared with 
indoor workers (aOR 2.31, 95% CI 1.15–4.65; 
p=0.019). 
Prolonged digital-screen exposure was also 
independently associated with DED. Participants 
reporting screen exposure ≥6 hours/day had 
approximately twice the adjusted odds of disease (aOR 
2.14, 95% CI 1.06–4.32; p=0.034). Among 
environmental exposures, dust or wind exposure ≥4 
hours/day demonstrated the strongest independent 
association with DED (aOR 2.68, 95% CI 1.28–5.61; 
p=0.009). 
Female sex was not independently associated with 
DED (aOR 1.42, 95% CI 0.70–2.88; p=0.329), 
indicating that the higher prevalence among outdoor 
workers was not attributable to differences in sex 
distribution. Age, smoking, prolonged working hours, 
sunlight exposure, air-conditioning, and regular use of 
protective eyewear also did not retain statistically 
significant independent associations after adjustment. 
The complete regression analysis is presented in Table 
3. 
Table 3. Logistic Regression Analysis of Factors 
Associated With Dry Eye Disease 

Predictor Crude 
OR 
(95% 
CI) 

Adjusted 
OR (95% 
CI) 

p-
value 

Outdoor 
occupational 
environment 

2.67 
(1.38–
5.18) 

2.31 
(1.15–
4.65) 

0.019 

Age, per 10-
year increase 

1.31 
(0.97–
1.78) 

1.28 
(0.92–
1.77) 

0.142 

Female sex 1.61 
(0.84–
3.08) 

1.42 
(0.70–
2.88) 

0.329 

Current 
smoking 

1.72 
(0.77–
3.83) 

1.59 
(0.67–
3.76) 

0.294 
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Working >8 
hours/day 

1.64 
(0.85–
3.17) 

1.79 
(0.89–
3.60) 

0.102 

Screen exposure 
≥6 hours/day 

1.96 
(1.02–
3.78) 

2.14 
(1.06–
4.32) 

0.034 

Dust/wind 
exposure ≥4 
hours/day 

3.13 
(1.58–
6.20) 

2.68 
(1.28–
5.61) 

0.009 

Sunlight 
exposure ≥4 
hours/day 

2.32 
(1.18–
4.56) 

1.87 
(0.83–
4.21) 

0.131 

Air-
conditioning ≥6 
hours/day 

1.28 
(0.66–
2.49) 

1.42 
(0.67–
3.01) 

0.359 

Regular 
protective 
eyewear 

0.69 
(0.32–
1.48) 

0.72 
(0.32–
1.62) 

0.427 

DED was present in 46.7% of the study population, 
and its prevalence was significantly higher for outdoor 
workers. Outdoor workers had a higher symptom 
burden and lower tear production and tear-film 
stability. Outdoor work environment, exposure to 
dust/wind for long periods and using digital screens for 
≥6 hours/day were the main independent risk factors 
for DED, but sex did not. Combined, the results in 
Tables 1–3 suggest the exposures to occupations or 
environment were associated more strongly with DED 
than were the measured demographic characteristics. 
DISCUSSION 
This study revealed that there was a high prevalence of 
dry eye disease (DED) among working adults, with an 
overall prevalence of 46.7%. The prevalence of DED 
was significantly higher in outdoor workers than in 
indoor workers (58.7% vs. 34.7%) suggesting that the 
occupational environment might be an important 
factor in ocular surface health. There was also a higher 
OSDI score, shorter tear-film break-up time, and lower 
Schirmer's test in outdoor workers, indicating that the 
higher symptom scores were associated with 
measurable physiological tear-film dysfunction [1-3]. 
This is biologically plausible with more outdoor 
workers, as the additional tear evaporation and 
disruption of the tear film as a consequence of dust, 
wind, sunlight and heat may lead to higher prevalence. 
In the adjusted analysis, outdoor occupation remained 
independently associated with DED, while dust/wind 
exposure ≥4 hours/day showed the strongest 
environmental association. These results indicate that 
it may be more useful to look at specific exposures in 

the workplace than at occupation alone in determining 
risk [4-6]. 
Longer exposure to digital screens was also an 
independent risk factor for DED. The significance of 
this finding is that it shows that the occupational risk 
does not only apply to those who work outdoors. 
Prolonged exposure to screens can contribute to a 
decrease in blink rate and incomplete blinks, which 
can lead to a decrease in tear-film redistribution and 
facilitate evaporative dry eye. This co-occurrence of 
environmental exposure outdoors and screen exposure 
indoors underscore the need for occupation-specific 
approaches to prevention [7-10]. 
In this cohort, which included both males and females 
in almost equal numbers, there was no independent 
association between female sex and DED. This 
indicates that the differences among the occupational 
groups were more closely associated with environment 
and behavior exposures than sex distribution. The 
strong negative correlation between OSDI scores and 
TBUT and Schirmer values also suggests a 
relationship between subjective symptoms and 
objective tear film dysfunction [11-13]. 
The study has a number of strengths, such as the 
inclusion of both sexes, the direct comparison of 
indoor and outdoor workers and both symptom 
severity and physiological tear-film parameters were 
assessed. But the cross-sectional study design 
precludes causal inferences and environmental 
exposures were largely self-reported based on the 
duration of exposure. There is a need for larger 
prospective studies using objective environmental 
monitoring and other ocular surface testing to increase 
the evidence strength [14-16]. 
CONCLUSION 
Dry eye disease was prevalent in the working 
population studied and was highly significantly more 
prevalent in outdoor workers. The main risk factors 
independently associated with DED were outdoor 
occupation, long-term dust/wind exposure and long-
term digital-screen use; the sex was not an independent 
risk factor. These results indicate that targeted 
workplace strategies, such as reducing environmental 
exposures, use of sufficient protective measures and 
optimizing screen use could help reduce the workplace 
burden of dry eye disease. 
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