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Abstract

Background: Coronavirus disease 2019 has necessitate the routine use of masks worldwide. This study assessed the
relationship between wearing a facemask and dry eye disease (DED) among a sample of medical students in Jordan.

Methods: This cross-sectional online survey enrolled medical students from all medical schools in Jordan. The ques-
tionnaire, which was shared via social media platforms, assessed sociodemographic information, ocular and medical

DED.

history, facemask-wearing habits, the use of ocular devices, and the relationship with ocular discomfort. The ocular
surface disease index (OSDI) questionnaire was also administered to quantify DED symptoms.

Results: A total of 1,219 students participated in this study. In total, 58.3% participants were females, and 52% were
in the clinical science years. Symptomatic DED was found in 71.7% of participants. Female sex, basic science years,
allergy reporting, and spending more than 6 h looking at screens were significantly associated with symptomatic

Conclusion: Wearing a facemask was not significantly associated with symptomatic DED. Further studies are needed
to investigate the effect of wearing a facemask on the ocular surface.
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Background

A new global pandemic emerged in December 2019 that
was caused by a new coronavirus strain called severe
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2). The recent coronavirus disease (COVID-19)
pandemic was associated with increased morbidity and
mortality and has impacted the lives of the global pop-
ulation. SARS-CoV-2 is highly contagious and easily
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transmitted from human to human via respiratory drop-
lets and direct contact, resulting in an enormous number
of infected individuals [1].

SARS-CoV-2 has had an obvious impact on eye health
through direct and indirect mechanisms. Since the begin-
ning of the outbreak in December 2019, several pub-
lished studies suggested that SARS-CoV-2 could cause
conjunctivitis [2—4], whereas other studies described the
presence of dry eye symptoms in patients with COVID-
19 [3-5]. The public health measures that have been
implemented, such as the mass use of facemasks, poten-
tially have an indirect impact on the health of the ocular
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surface by causing or increasing ocular irritation and dry-
ness [6-8].

Facemasks are used for the protection of healthy per-
sons (worn to protect oneself when in contact with an
infected individual) and as a method of source con-
trol (worn by an infected individual to prevent onwards
transmission) [9]. The World Health Organization
advised people to follow strict guidelines to protect
themselves, such as improving hand hygiene, wearing
facemasks and avoiding gatherings as much as possible
[10]. In Jordan, the government issued an order requir-
ing all individuals to wear facemasks prior to entering all
public spaces and maintaining social distancing in those
entities [11]. Huge gatherings, such as university classes,
were restricted across the country, and E-learning prac-
tices were employed. Therefore, on August 25, 2020, the
government announced that medical students enrolled in
the basic sciences years (years 1 to 3) should continue to
use E-learning, whereas students in their clinical science
years (years 4—6) were allowed to attend their clinical
training at hospitals provided they follow very strict rules
on infection control to protect them from being infected
with SARS-CoV-2 and control the spread of the disease
[12].

Wearing facemasks was an essential measure of control
during the COVID-19 pandemic. However, during recent
periods of face mask utilization, a corresponding increase
in ocular irritation and dryness was observed in individu-
als who never previously suffered from dry eyes [6-8],
and air blowing upwards from behind the mask into the
eyes has been implicated in accelerating the evaporation
and instability of the tear film [13, 14].

Dry eye disease (DED) is a multifactorial disease involv-
ing tears and the ocular surface and is characterized by
homeostatic disturbances of the ocular surface and tear
film [15]. Dry eye is clinically subdivided into two sub-
types: aqueous-deficient DED (with decreased tear secre-
tion) and hyperevaporative DED (with increased tear
evaporation) [15].

Medical students are at risk of DED due to the exces-
sive reliance on electronic devices for e-learning and
possibly the prolonged use of facemasks. The aim of this
study was to assess the relationship between the wearing
of facemasks and the presence of DED among medical
students in Jordan during the COVID-19 pandemic.

Methodology

Sample and data collection

A descriptive cross-sectional study design was used. The
study population consisted of medical students from all
six medical schools in Jordan during all years of study
(years 1-6). The study utilized an online questionnaire
written in English and delivered to the students between
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October 26, 2020 and November 4, 2020 (Supplementary
file 1).

The online questionnaire was created using Google
Forms, and the invitation to participate in the study
was posted on several online platforms at each medical
school. Class representatives for each academic year were
involved in distributing the questionnaire link to students
directly. The invitation to participate was distributed to
approximately 5,000 medical students.

The questionnaire contained 18 closed-ended ques-
tions distributed over three main sections: 1. Sociode-
mographic information, 2. Ocular and medical history,
and 3. Information on facemask wearing and the use of
electronic devices and the relationship with ocular dis-
comfort. The ocular surface index questionnaire (OSDI)
[16], which is designed to provide a rapid assessment of
symptoms related to ocular irritation and dry eye disease
during the previous week, was added at the end of the
questionnaire (Supplementary file 2).

The questionnaire was piloted before the start of the
study (n=15 students), and proper modifications were
made. The questionnaire was reviewed by expert oph-
thalmologists for relevance, simplicity, and internal
consistency. Participation in the study was voluntary. In
addition, personal identifiers were not collected, and a
consent statement regarding voluntary participation in
the study was included at the beginning of the question-
naire. The study was conducted according to the Helsinki
Declaration principles and was approved by the Institu-
tional Review Board of the Jordan University of Science
and Technology.

Statistical analysis

Data were summarized as frequencies and propor-
tions. The chi-square test was used to analyse differ-
ences between categorical variables. Logistic regression
was used to analyse factors associated with dry eye dis-
ease. Statistical significance was considered at a P value
of <0.05. Statistical analysis was performed using the
Statistical Program for Social Sciences (IBM SPSS Corp,
SPSS Statistics ver. 25, USA).

Results

A total of 1219 students from six medical faculties in
Jordan responded and completed the questionnaire, rep-
resenting a response rate of 24.4%. Overall, 711 (58.3%)
of respondents were females, and 634 (52%) were in the
clinical science years. Only 175 (14.4%) used contact
lenses, and nearly two-thirds of students reported wear-
ing eyeglasses (761, 62.4%). Greater than one-third (475,
39%) of the students reported using eye lubricants with
variable frequencies, 40 (3.3%) students reported hav-
ing laser vision correction surgery performed, and 293
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(24.0%) students reported having allergies. The demo-
graphic characteristics of the study participants are pre-
sented in Table 1. Most students (1114, 91.4%) reported
increased use of screens and electronic devices dur-
ing the COVID-19 pandemic, and 901 students (73.9%)
reported spending more than 6 h daily looking at the
screens during the last few months (Table 1).

Regarding the use of face masks, 546 (44.8%) students
reported wearing a face mask at least 3 h a day, and stu-
dent who wore face masks were significantly more likely
to be in their clinical science years (P<0.001). A total of
733 (60.1%) students reported wearing properly fitting
face masks (to cover the mouth and nose) all the time,
whereas only 79 (6.5%) reported not wearing a properly
fitting mask at all. New eye discomforts, including symp-
toms of dryness (photophobia, foreign body sensation or
burning) caused by wearing the facemask, was reported
by 272 (22.3%) students. Among students already suffer-
ing from dry eye, 304 (32.7%) stated that wearing face-
masks worsened their condition. Most eyeglasses wearers
(592, 77.8%) reported that wearing facemasks was annoy-
ing due to eyeglass fogging (Table 2).

A total of 874 (71.7%) students were considered to
have dry eye disease according to the OSDI. The pres-
ence of DED was significantly associated with female
sex (P<0.001), wearing a facemask for 3 h and less a
day (P=0.048), being in the basic science years at medi-
cal school (P<0.001), spending more than 6 h looking at
screens and electronic devices (P<0.001) and having a
history of allergies (P<0.001) (Table 3).

Multivariate analysis using stepwise binary logistic
regression was performed involving all variables with a
P value <0.25 in the cross tabulation analysis to identify
independent variables associated with DED. Female stu-
dents were at two-fold greater risk of having eye dryness
(OR=2.4, P-value<0.001). Interestingly, wearing face-
masks was not associated with DED (Table 4).

Discussion

There has been a recent awareness of mask-associated
dry eye symptoms due to ill fitted masks and leakage of
air causing increased evaporation on the surface of the
eye. Many studies have suggested that air conviction
around the eyes affects the ocular surface. For example,
in patients with OSA syndrome who use continuous
positive airway pressure (CPAP) masks, CPAP therapy
increases ocular irritation and tear evaporation due to
air escaping from the mask [17, 18]. Some studies have
described that taping the upper mask edge blocks exhaled
air from directly entering the eyes and thus results in sig-
nificantly better ocular surface stability [13, 19]. In this
study, we aimed to assess the relationship between face-
mask wearing and DED.
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Table 1 Demographic characteristics of the study participants

Variable Number (%)
Sex

Male 508 (41.7%)

Female 711 (58.3%)
Year of study in Medical School

Basic Science Year 585 (48.0%)

Clinical Science Year 634 (52.0%)
Contact lenses users

Always 15 (1.2%)

Most of the time 35 (2.9%)

Sometimes 125 (10.3%)

Never 1044 (85.6%)
Wearing eyeglasses

| do not wear 458 (37.6%)

Regularly 521 (42.7%)

Sometimes 240 (19.7%)
Laser vision correction surgery (LASIK or laser)

No 1179 (96.7%)

Less than 6 months ago 14 (1.1%)

More than 6 months ago 26 (2.1%)
Taking any medication

No 923 (75.7%)

Allergy medication 91 (7.5%)

Acne medication 54 (4.4%)

Medication for another disease 151 (12.4%)
Do you have any allergies

No 926 (76.0%)

Yes 293 (24.0%)
Using eye lubricant

1 to 3 times/day 86 (7.1%)

More than three times a day 37 (3.0%)

Only when | need to 352 (28.9%)

No, | do not use 744 (61.0%)

Do you think that you used screens more during the COVID-19
pandemic?

Yes 1114 (91.4%)
No 105 (8.6%)
Select the amount of time spent looking at the screens

Less than 2 h/day 18 (1.5%)
2-4 h/day 54 (4.4%)
4-6 h/day 246 (20.2%)
More than 6 h/day 901 (37.9%)

Recent studies reported a marked increase in dry eye
symptoms among regular mask users, including indi-
viduals who have never suffered from dry eyes [6, 7].
Other studies showed that tear film stability in terms
of tear breakup time (TBUT) was significantly reduced
after prolonged mask use for more than 8 h [13, 20]. In
a case report by Chadwick, a 66-year-old patient who
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Table 2 Facemask wear and eye discomfort symptoms
Question Number (%)
Average hours/day of wearing a facemask More than 6 h/day 84 (6.9%)
More than 3 and less than 6 h a day 462 (37.9%)
From 1-3 h/day 522 (42.8%)
Less than 1 h/day 151 (12.4%)
Fit the mask to cover mouth and nose Always 733 (60.1%)
Most of the time 317 (26%)
Sometimes 90 (7.4%)
| do not fit the mask 79 (6.5%)
Has wearing a facemask caused any new eye discomfort: symptoms of dryness, such as photopho- Yes 272 (22.3%)
bia, foreign body sensation, or burning? No 700 (57.4%)
Neutral 247 (20.3%)
If you already suffer from dry eyes, has wearing a facemask caused the condition to become Much worse 22 (1.8%)
worse? Moderately worse 82 (6.7%)
Slightly worse 200 (16.4%)
I do not have dryness 288 (23.6%)
No 627 (51.4%)
Does wearing a facemask with the eyeglasses hamper your vision, e.g., cause fogging? Yes 592 (48.6%)
No 169 (13.9%)
| do not wear eyeglasses 458 (37.6%)
Table 3 OSDI in relation to other variables
OSDI Number (%) P-value
Normal Mild Moderate Severe Total
Sex
Female 143 (11.7%) 110 (9.0%) 101 (8.3%) 357 (29.3%) 711 (58.3%) <0.001
Male 202 (16.6%) 97 (8.0%) 69 (5.7%) 140 (11.5%) 508 (41.7%)
Year of study in Medical School
Basic Science 113 (9.3%) 85 (7.0%) 84 (6.9%) 303 (24.9%) 585 (48.0%) <0.001
Clinical 232 (19.0%) 122 (10.0%) 86 (7.1%) 194 (15.9%) 634 (52.0%)
Average hours/day of wearing face mask
More than 6 h/day 20 (1.6%) 15 (1.2%) 15 (1.2%) 34 (2.8%) 84 (6.9%) 0.048
More than 3 and less than 150 (12.3%) 91 (7.5%) 59 (4.8%) 162 (13.3%) 462 (37.9%)
6 h/day
From 1-3 h/day 145 (11.9%) 80 (6.6%) 69 (5.7%) 228 (18.7%) 522 (42.8%)
Less than 1 h/day 30 (2.5%) 21 (1.7%) 27 (2.2%) 73 (6.0%) 151 (12.4%)
Time spent looking at screens (mobile, laptop, iPad, or any electronic device) per day
Less than 2 h/day 2(0.2%) 2(0.2%) 0 (0.0%) 14 (1.1%) 18 (1.5%) <0.001
2-4 h/day 23 (1.9%) 9(0.7%) 6 (0.5%) 16 (1.3%) 54 (4.4%)
4-6 h/day 93 (7.6%) 50 (4.1%) 32 (2.6%) 71 (5.8%) 246 (20.2%)
More than 6 h/day 227 (18.6%) 146 (12.0%) 132 (10.8%) 396 (32.5%) 901 (73.9%)
History of any allergies
Yes 56 (4.6%) 45 (3.7%) 39 (3.2%) 153 (12.6%) 293 (24.0%) <0.001
No 289 (23.7%) 162 (13.3%) 131 (10.7%) 344 (28.2%) 926 (76.0%)
Total 345 (28.3%) 207 (17%.0) 170 (13.9%) 497 (40.8%) 1219 (100.0%)
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Table 4 Multivariate logistic regression analysis of factors
associated with symptomatic DED

Factor Odds Ratio 95% C.I Pvalue
Lower Upper

Sex

Male? Reference

Female 24 1.84 3.12 <0.001
Study level

Clinical Science® Reference

Basic Science 2.2 1.66 2.86 <0.001
Allergies

None? Reference

Yes 1.8 1.28 250 0.001
Time using electronic devices/day

<6 hours® Reference

>6h 14 1.01 1.77 0.040

2 Reference category

had uneventful cataract surgery developed severe expo-
sure keratopathy that significantly improved after mini-
mizing mask wear and treating the exposure keratopathy
with a gauze pad [21]. Giannaccare et al. found that a
significant proportion of their studied population expe-
rienced the onset of ocular discomfort symptoms that
required eye lubrication during the COVID-19 pandemic
[7]. They identified two main mechanisms that could be
responsible for the onset or worsening of dry eye symp-
toms during the pandemic: increased use of video display
terminals (VDT) and wearing face masks [7]. In a recent
study, Boccardo [8] found that among their studied
population, 18.3% experienced mask-associated dry eye
(MADE). In that study, MADE was defined as a condition
in which dry eye symptoms were present at least occa-
sionally and became worse with the use of a facemask
[8]. However, in our study, approximately one-quarter of
students said that they experienced new eye symptoms,
such as symptoms of dryness with mask wear. Another
one-quarter of students reported exacerbation of dry eye
symptoms with mask wearing. However, after perform-
ing logistic regression to identify independent variables
associated with DED results from OSDI, no significant
relationship between wearing a mask and symptomatic
DED was noted. In this study, we relied on self-reported
responses regarding dry eye symptoms in the context of
wearing a mask, hours spent wearing a mask, and proper
mask fit. Eye dryness, mask wearing and proper mask
fit were not directly assessed in students. We think our
results can be explained by the lack of commitment to
infectious control strategies, including wearing a mask.
Therefore, whether students were committed to proper
mask wearing and if they wore the mask correctly is not
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clear. In September 2020, an audit was performed in Jor-
dan to reveal the levels of a general commitment to infec-
tious control strategies in various sectors, and the results
were shocking and disappointing given the general low
commitment [22]. In the literature, another study found
that subjects who wore facemasks for more than 6 h
a day did not have higher OSDI scores than those who
wore masks for 3 to 6 h [23]. This result was attributed to
the fact that the group who wore the mask for more than
6 h included healthy, young individuals without previous
DED [23].

Strikingly, this study showed a high prevalence of
symptomatic DED (71.7%) among medical students.
Similarly, Hyon et al. reported a high prevalence of dry
eye symptoms (27.1%) among undergraduate medical
students that was significantly associated with female
sex, contact lens wear, prolonged computer use and
high stress scores [24]. Another study from Ghana also
showed a high prevalence of DED symptoms (44.3%)
among university students [25].

Studies worldwide have shown that dry eye is more
common in females than males [15, 26]. A study reported
that the effect of sex on the prevalence of DED is com-
mon in individuals older than 40 years of age [15]. In this
study, DED symptoms were 2.4 more common in females
than males, and the age of the studied population ranged
from 18 to 24 years. This finding is comparable with
the results of a recent study from the Netherlands that
revealed that the prevalence of dry eye symptoms was
higher in females than males across all age groups but
was more prominent in older individuals [27].

In this study, those who spent more than 6 h looking at
the screens were 1.4 times more likely to have DED than
those who spent less than 6 h. Another study reported
the effect of VDT on tear film stability and demonstrated
that DED is directly proportionate to exposure time to
VDT [28]. This finding might explain why basic science
students were 2.2 times more likely to have DED than
clinical students. At the time of our study, basic science
students were learning from home by E-learning; thus,
the finding that these students were spending more time
looking at screens was expected. This finding is similar
to another study that showed that students who followed
their classes online reported that they experienced all of
the symptoms associated with DED more frequently than
students attending school in person, and the difference
was statistically significant [29]. Students with any self-
reported allergy were 1.8 times more likely to have symp-
tomatic DED. Asiedu et al. also reported that university
students with any allergy were more likely to have symp-
tomatic DED [25].

One of limitations of the present study is that the study
did not correlate the presence of dry eye symptoms with
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objective clinical tests. It was reported that current dry
eye tests show a weak association with disease symp-
tomatology [30]. Further work is needed to correlate the
disease signs with the reported symptoms in mask wear-
ers. Another limitation is that we assessed mask wearing
using a questionnaire, and we did not directly observe
how medical students fitted the mask and whether they
wore it correctly. The subjective nature of the OSDI rep-
resents another limitation.

Conclusion

In this study, we did not find a significant relationship
between wearing face masks and DED among medical
students. Whether mask wear is responsible for the onset
or worsening of DED symptoms remains to be eluci-
dated. Moreover, more studies are needed to reveal the
effect of wearing a mask on the ocular surface and tear
film stability.
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