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Assessment of Risk Factors for Dry Eye Disease Among Doctors 
in South India During the COVID-19 Pandemic: An Online 
Survey and Review of Literature

O R I G I N A L  A R T I C L E

INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-
19) started in December 2019 in Wuhan, China.1 
Later it spread all over the world and the World 
Health Organization (WHO) declared COVID-19 as a 
pandemic on 11 March 2020.2 It is a highly infectious 
disease transmitted from human to human mainly 
through respiratory droplets while coughing, sneezing, 
or talking.3,4 The first physician who was known to be in 
contact with the COVID-19 patient died later due to the 
same disease.5 So while treating COVID-19 patients, the 
use of personal protective equipment is mandatory for 
frontline healthcare workers.6–8 The use of face masks by 
healthcare workers and the public has become ubiquitous 

Abstract

Introduction: During the COVID-19 pandemic, apart from the usual risk factors, the usage of face masks along with an 
increase in screen time leads to dry eye and irritation. We planned to assess the prevalence of dry eye among doctors and 
the risk factors associated with it.
Methodology: A cross-sectional online survey was conducted amongst doctors practicing in Chennai, Tamil Nadu. A 
semi-structured, pre-tested questionnaire was given to the participants using Google Forms. The survey had the following 
sections: demographic data, systemic illness, workplace, type of mask with the duration of use, duration of screen time, 
and Ocular Surface Disease Index (OSDI) questionnaire.
Results: The mean age of the participants was 33.3±9.7 years. Based on OSDI 30.6%(n=64) had Dry eye disease (DED) 
[14.8% mild, 9.1% moderate, and 6.7% severe]. Univariate and multivariate logistic regression analysis showed the presence 
of air leak from mask to eyes during exhalation increased the odds of having DED by 2.2 times and history of DED (before 
the COVID-19 pandemic) also increased the odds by 2.3 times
Conclusion: There is a higher rate of prevalence of DED among doctors during the COVID-19 pandemic with the presence 
of air leak from mask as a modifiable risk factor.

Keywords : COVID-19, Dry Eye Disease, Screen Time    

Ramya Chelliah1, Kavya Nidhi2, Helen Dhatchayani1, Ravikumar Rangasamy1, Sheela Ramani1,  
Roy Arokiam Daniel3, Karthikeyan Mahalingam4

1Department of Ophthalmology, Tagore Medical College and Hospital, Tamil Nadu, India; 2Department of 
Ophthalmology, St John’s Medical College and Hospital, Bengaluru, India; 3Centre for Community Medicine, AIIMS, 
New Delhi, India; 4Department of Ophthalmology, JIPMER, Puducherry, India

even in the absence of known COVID-19 patients.9–11 
Multiple measures like social distancing, handwashing, 
lockdown, and online schooling have been in force to 
control COVID-19 transmission. Concerning doctors 
(practicing academic institutes/ hospitals), an increase 
in video-tele consultations, change of physical theory 
classes, conferences/ continuing medical education to 
online made a significant increase in their screen time.12–14

Dry eye disease (DED) is a multifactorial disease of the 
ocular surface characterized by a loss of homeostasis of 
the tear film and accompanied by ocular symptoms, in 
which tear film instability and hyperosmolarity, ocular 
surface inflammation and damage, and neurosensory 
abnormalities play etiological roles.15,16 Symptoms of 
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DED include dryness, pain, itching, and foreign body 
sensation.17 It can be diagnosed with the following 
questionnaires: Ocular Surface Disease Index (OSDI), 
Dry Eye Questionnaire – 5 items (DED-5), McMonnies 
Questionnaire (MQ), Saliabury Eye Evaluation 
Questionnaire (SEEQ), etc.18,19 The risk factors for DED 
include female gender, older age, androgen insufficiency, 
post-menopausal estrogen treatment, collagen vascular 
disease, antihistamines, contact lens use, refractive 
surgery, etc.20,21 We have been noticing an increase in 
symptoms of DED among the public and also in the 
doctors during this pandemic. Recent studies suggest 
that during COVID-19 pandemic, apart from the usual 
risk factors, the usage of face masks (Mask Associated 
Dry Eye -MADE) along with an increase in screen time 
leads to dry eye and irritation.22–26 As in doctors, there is 
both an increase in the use of face masks and an increase 
in screen time, this study was planned to assess the 
prevalence of dry eye among doctors and the risk factors 
associated with it.

METHODOLOGY

This is a cross-sectional online survey conducted 
amongst doctors practicing in Chennai, Tamil Nadu 
after obtaining ethical committee clearance. A semi-
structured, pre-tested self-administered questionnaire 
was given to the participants using Google Forms. The 
Google forms were circulated through social media 
like WhatsApp, E-mail, Facebook, and Telegram. The 
participants can answer the questions in Google form 

only after giving their consent for the study. The survey 
had the following sections: demographic data, systemic 
illness, workplace, type of mask with the duration of use, 
duration of screen time, and OSDI questionnaire.

OSDI: Has 3 subscales with a total of 12 questions with 
5 options (score 0 to 4).27 The final score is calculated by 
(sum of all scores) * 25 / (number of questions answered). 
The score ranges from 0 to 100. Based on the patient’s 
score, it is reported as normal (0-12), mild (13-22), 
moderate (23-32), or severe (>33) DED.

The responses were obtained in Microsoft Excel and the 
OSDI scores were calculated. Analysis was done using 
SPSS software version 23. Continuous variables were 
reported with their mean ± SD. Logistic regression was 
done to assess various risk factors for OSDI. A P-value of 
<0.05 was considered significant.

RESULTS

The mean age of the participants was 33.3 ± 9.7 years. 
The sex ratio (male: female) was 1:1.9. The demographic 
characteristics of the participants are depicted in table 1. 
The median OSDI was 6.25 (R 0 to 66.7). Based on OSDI, 
30.6% (n=64) participants had DED with 14.8% (n=31) 
having mild DED, 9.1% (n=19) having moderate DED 
and 6.7% (n=14) having severe DED. Nearly one-third 
of the participants (31.6%, n=66) noticed air leak from 
the mask while exhalation. Although only 16 participants 
applied plaster over the mask/nose, the majority 

Table 1: Demographic characteristics of the participants.

N= 209 

Age (Mean± SD )(in years) 33.3 ± 9.7
Sex Ratio (male: female) 1: 1.9
Specialty of practice 

1.	 General Medicine
2.	 Ophthalmology
3.	 Obstetrics & Gynaecology
4.	 Surgery
5.	 Anesthesia
6.	 Orthopaedics
7.	 Non-clinical
8.	 Pediatrics
9.	 Dermatology

106 (50.71%)
35 (16.7%)
21 (10%)
10 (4.8%)
9 (4.3%)
9 (4.3%)
9 (4.3%)
7 (3.3%)
3 (1.3%)

Use of computer during work 88 (42.1%)
Duration of increase in screen time during the pandemic:
•	 Nil
•	 < 2 hours
•	 2-4 hours
•	 4-6 hours
•	 > 6 hours

53 (25.4%)
20 (9.6%)
65 (31.1%)
51 (24.4%)
20 (9.6%)

(Contd...)
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Table 1: (Continued)

Reason for the increase in screen time during the pandemic:
•	 Entertainment
•	 Making entry of patient details
•	 Studying/ research work
•	 Online class/ webinar

121 (57.9%)
32 (15.3%)
105 (50.2%)
55 (26.7%)

Type of mask mostly used:
•	 N95 mask
•	 Three-ply mask

181 (86.6%)
28 (13.4%)

Duration of wearing a mask:
•	 < 4 hours
•	 4-6 hours
•	 > 6 hours

17 (8.1%)
63 (30.1%)
129 (61.7%)

Do you use plaster over the mask and nose?
•	 No
•	 Yes

193 (92.3%)
16 (7.7%)

Presence of air leak from mask to eyes?
•	 No
•	 Yes

143 (68.4%)
66 (31.6%)

Participants using contact lens 22 (10.5%)

History of DED before COVID pandemic 30 (14.4%)

(87%,n=14) of them didn’t have air leak while exhalation. 
Univariate and multivariate logistic regression analysis 
showed the presence of air leak from mask to eyes during 
exhalation increased the odds of having DED by 2.2 times 
and history of DED (before COVID-19 pandemic) also 
increased the odds of having DED by 2.3 times (table 2).

DISCUSSION

The COVID-19 pandemic has increased the prevalence 
of symptoms of dry eye and ocular irritation with 
prevalence varying from 7.9 % to as high as 84.3% (table 
3).22,24,28–45 In our study prevalence of DED was 30.6%. The 

Table 2: Univariate and multivariate logistic regression analysis for various risk factors associated with DED (based 
on OSDI score) during COVID-19 pandemic

Parameters Unadjusted odds ratio Adjusted odds ratio

OR value P value OR value P value
Age 0.98 (0.95-1.01) 0.3 NA

Sex 1(0.5 -1.8) 0.91 NA

Increase in screen time
<2 hours
2-4 hours
4-6 hours
> 6 hours

0.7 (0.2-2.7)
1.4 (0.6-3)
1.7 (0.7-3.9)
2.5 (0.8-7.4)

0.61
0.52
0.23
0.09

0.7 (0.2-2.6)
1.4 (0.6-3.3)
2 (0.8-5)
2 (0.6-6.5)

0.6
0.46
0.13
0.2

Wearing N95 mask 0.9 (0.4-2.1) 0.85 NA

Application of plaster over mask 1.4 (0.48-4) 0.53 NA

Presence of air leak from mask to eye 1.9 (1-3.6) 0.03 2.2 (1-5.5) 0.02

Duration of wearing the mask
< 4 hours
4-6 hours
> 6 hours

Constant
1 (0.3-3.3)
1.1 (0.3-3.3)

0.95
0.84

NA

History of DED before COVID pandemic 2.6 (1.2-5.8) 0.01 2.3 (1.2-5.7) 0.04
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Table 3: Studies about dry eye disease in healthcare workers or medical students during the COVID-19 pandemic.
Study, year, 
country

No. of 
participants/ study 
population

Age (Mean) Method used to 
assess dry eye

Prevalence Risk factors

Giannaccare G et 
al24

2020, Italy

107, Resident doctors 28.5 years OSDI 57%  VDT use, Face mask 
wear 

Long Y et al29

2020, China
53,
Medical staffs

32.4 years OSDI 35.84% Older age 

 Marinova E et al45
2020, Bulgaria

144,
Medical personnel 
and patients

43 years
(median age) 

Slit lamp 
biomicroscopy, 
Ocular surface 
Fluorescein staining 
evaluation, Schirmer’s 
test, TBUT 

70.1% Type of mask used,
Duration of mask usage

Boccardo L et al22 
2021, Italy

3605,
Mixed population

31 years
(median age) 

Self-reported MADE 18.3% Female sex, Use of 
correction (glasses and 
Contact lens), Retailers by 
occupation 

Yousef H et al, 
2021, Egypt

80, Medical students 21.2 years OSDI 75 % Prolonged VDT exposure, 
Mask usage

Fan Q et al  
2022, China

6925, Mixed 
population

14 years 
(median age)

MADE Q 7.90% Increased age, Female sex, 
Use of glasses and Contact 
lens, Frequent wear of 
face masks, Longer daily 
mask-wearing time, Non-
standard wearing of face 
masks, Dry environment, 
Reduced daily reading 
time, less outdoor time, 
shorter VDTs, Higher 
education level 

Azzam S et al 
,2022,Israel

Group 1-30
Group 2-30
Healthcare workers

Group 1-35.3 
years
Group 2-36.6 
years

OSDI, TBUT, corneal 
and conjunctival	  
fluorescein staining,	
 and meibography

Group1-
46.7%
Group2-
53.3%

N95 mask caused 
significantly more 
dryness than the Surgical 
mask 

 Baris M et al, 2022, 
Turkey

33, Healthcare 
professionals 

33.6 years OSDI,TBUT 57.6% Prolonged mask wear

 Dag U et al, 2022, 
Turkey 

333, Healthcare 
professionals 

Self-reported MADE 
based on web-
based 12 questions 
Questionnaire 

70% Prolonged mask wear

Tangmonkong-
voragul C et al, 
2022, Thailand

528
Medical students

20.48 years OSDI, Lipi View 
II Interferometry, 
Meibograde

70.8% Female gender, prolonged 
hours of contact lens wear, 
higher frequency use of 
artificial tears per day, 
prolonged duration of 
VDT use, psychological 
stress

Al-Dolat W et al, 
2022, Jordan

1219
Medical students

18-24 years OSDI 71.7% Female sex, basic science 
years, allergy reporting, 
spending more than 6 h 
looking at screens

Erogul et al, 2022, 
Turkey

392
Healthcare 
professionals 

18-55 years Thirty question 
Google survey 
questionnaire 

Prolonged PFM wear

(Contd...)
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reason for the huge variation in prevalence could be due 
to the differences in the method used to assess the DED, 
different age groups & sex of the population assessed, etc. 
Various contributing risk factors postulated were older 
age, female sex, use of corrections (glasses and contact 
lens), higher use of visual display terminals, reduced blink 
rate, incomplete blinking, extensive and frequent use of 
face mask, type and duration of mask usage, pre-existing 
DED, dry environment, higher education level, awareness 
about dry eye disease, allergic disease, keratoconus, 
increased frequency of instillation of artificial tears, 
psychological stress, smoking, etc.22,24,25,28,29,45

Our study suggests that the presence of air leak from the 
mask to the eyes during exhalation increased the odds 
of having DED by 2.2 times. Many other studies also 
showed an increase in dry eye due to leak of air from face 
mask.24,33,45,46 The use of face masks significantly reduces 
the outward spread of air. However, exhaled air still needs 
to disperse. The outflow of exhaled air, with a temperature 
around 36-37°C, passes over the upper border of the face 

mask to the ocular surface. This direct hot airflow leads 
to instability, increased evaporation, hyperosmolarity, 
and a decline in tear film turnover and clearance and 
results in ocular damage and dry eye symptoms. Besides, 
the exhaled air has a decreased level of oxygen and an 
increased carbon dioxide concentration, which decreases 
the tear pH levels and consequently impairs the ocular 
surface. The increased carbon dioxide concentration 
reduces the stromal pH, which excites the corneal 
nociceptors and thus evokes corneal pain sensations. 
Ocular hypoxia results in excessive production of 
reactive oxygen species that promote inflammation 
and neovascularization by the activation and apoptosis 
of leucocytes, and expression of pro-inflammatory 
factors, including vascular endothelial growth factor 
and interleukins by endothelial and epithelial cells.45 The 
displacement of the mask or its incorrect fitting could 
increase this dispersion of air around the eyes and the air 
leak. A tight contact mask especially with nose wire fitting 
prevents the airflow over the top of the mask. However, in 
that case, the normal position of the palpebrae could be 

Table 3: (Continued)

Study, year, 
country

No. of 
participants/ study 
population

Age (Mean) Method used to 
assess dry eye

Prevalence Risk factors

Alghamdi N et al, 
2022, Saudi Arabia

415
Healthcare workers

18-60 years SPEED Questionnaire 70.9% Age, occupation, duration 
of mask-wearing, time 
spent on digital screens

 Tripathi A et al
2022, India

80
Medical students

20 years OSDI ,Schirmer’s Test Symptomatic 
dry eye-41%
Dry eye 
based on 
signs -25%

Increased hours spent on 
different digital devices 

Allayed R et al
2022, Palestine 

300
Nurses

<35 Years 
and >35 
years 

OSDI Questionnaire 62% Demographic 
characteristics of 
the nurses and work 
conditions such as age, 
smoking, contact lenses, 
work department, and 
work-time shift

Ezinne N et al, 
2023, Tobago and 
Trinidad

400
Medical students 
and students of other 
disciplines

18-35 years OSDI Questionnaire 84.3% An average of >5 hours 
of VDU use per day, 
refractive error, history 
of systemic medication, 
education about dry eye

Celik E et al, 2023, 
Turkey

Long-term group -64
Short term group-66
Healthcare 
professionals

Long term 
group-36.3 
years
Short-term 
group -35.9 
years

OSDI, TBUT, 
Schirmer’s Test 1, 
Oxford staining score, 
meibography, Lid 
parallel conjunctival 
fold 

Prolonged mask wear

 Lulla N et al, 2023, 
India 

271
Medical students

- Modified OSDI 
Questionnaire 

41.5 %-Pre 
pandemic 
55.19% 
-pandemic

Increased screen time, 
History of treatment for 
DED in the past, partial 
vaccination with COVID 
vaccine 
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harmed leading to incomplete blinking, lagophthalmos, 
and exposure keratopathy.33,45 Air convection also 
contributes to dry environments.46 The environment 
plays a major role in tear film instability.44 Contrary to 
our study, wearing a facemask was not significantly 
associated with symptomatic DED in a study by Al-Dolat 
et al.37

A population-based study conducted in China in 2021 
suggested an increased incidence of MADE due to the 
use of masks, found significant association between 
perceived MADE and pre-existing dry eye. Also a higher 
incidence of MADE was related to the nonstandard 
wearing of mask.28 Poorly fitting facemasks reverse the 
normal direction of nasal (and mouth) breathing. Rather 
than diverting inspiration and expiration airflow away 
from the eyes, such facemasks inadvertently expose the 
vulnerable ocular surface to mechanical desiccation and 
nasopharyngeal pathogens. Preventative measures such 
as applying surgical tape to the top of the facemask seal 
the upper mask edge onto the nose and midface and so 
restrict any redirected exhaled airflow.47 Also it has been 
postulated that the tape adhering to the skin of the upper 
cheek may interfere with the normal excursion of the 
lower eyelid, possibly inducing mechanical ectropion 
with secondary lagophthalmos.48 Likewise, the tight 
contact in N95 respirators prevents the airflow over the 
top of the mask, in that case, the normal position of 
the palpebrae could be harmed leading to incomplete 
blinking and exposure keratopathy.45 Contrary to this, a 
study by Nair et al showed taping of the upper mask edge 
gave significantly better ocular surface stability, which 
correlated well with a decrease in dry eye symptoms.49 A 
study by Tagawa et al. demonstrated corneal hyperalgesia 
in DED patients with short tear film breakup time.50 The 
fact that the patients with dry eye might have higher 
sensitivity for noticing these symptoms could explain 
the difference between the groups(healthy subjects vs 
subjects with h/o DED).25

Our study showed that the history of DED (before the 
COVID-19 pandemic) increased the odds of having 
DED by 2.3 times. In a study by Krolo et al, subjects with 
prior DED reported worsening of their symptoms during 
the mask-wearing period regardless of mask-wearing 
duration.25 Fan et al found significant associations 
between perceived MADE and pre-existing dry eye.28 
Alghamdi et al found that eye soreness or irritation, 
eye dryness, grittiness or scratchiness were generally 
more frequent and worse as the duration of facemask 
wearing increased among participants with pre-existing 
dry eye problems.39 Lulla et al, in their study, found that 
students who had previously received treatment for 
DED experienced worsening of symptoms during the 
pandemic due to disease exacerbation.44

In our study, the odds of developing dry eye increased 
with an increase in screen time, but it was not statistically 
significant. However, a survey by Giannaccare et al found 
a significant association between DED and intense visual 
terminal display use.24 The excessive evaporation of tear 
fluid attributable to prolonged blinking intervals while 
gazing is thought to be the main causative factor.

Our study did not show any significant association 
between the duration of face mask use and DED. 
However, Marinova et al found a positive correlation 
between the time of mask usage and the presence and 
severity of the complaints.45 According to their study 
healthcare personnel had the highest prevalence of ocular 
complaints with the most severe clinical picture related to 
the necessity of prolonged usage of protective equipment.

Limitations: As we conducted an online survey using 
OSDI questionnaire, DED was not clinically confirmed. 
It would been have better if the change in symptoms of 
DED was assessed after taping the mask to the nose.

CONCLUSION

There is a higher rate of prevalence of DED among 
doctors during the COVID-19 pandemic. The presence 
of air leak from mask is an important modifiable risk 
factor. Doctors especially those with a previous history of 
DED should take adequate precautions to prevent DED 
during any upcoming pandemic like COVID-19 as they 
have increased odds of developing DED.
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