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Abstract

Purpose: To evaluate the effect of wearing facemasks on dry eye symptoms and on the tear film while comparing surgical
face masks to N95 particulate respirators.

Methods: A prospective observational study was conducted at Ain Shams University Hospitals in the period from
September 2020 to January 2021. Two hundred volunteers were recruited, and the daily number of hours spent by
each participant wearing a facemask was recorded. Recruits were divided into two groups: 100 volunteers were allocated
to Group A to use the surgical mask, and 100 participants to Group B to use the N95 particulate respirator. The tear film
parameters were assessed at baseline by answering the Ocular Surface Disease Index (OSDI) questionnaire and perform-
ing tear break-up time (TBUT), corneal fluorescein staining, and Schirmer-| test Subjects then wore a facemask for 60
min and then the tear film parameters were reassessed by repeating TBUT, corneal staining and Schirmer-I test
Results: Facemask use for 60 min significantly worsened all tear film parameters in both groups (P-value <0.0001). The
deterioration was significantly larger in Group A subjects (P <0.0001). The daily number of hours spent wearing a face-
mask correlated strongly with the OSDI and corneal staining. There was a strong negative correlation between the daily
number of hours spent wearing a facemask and Schirmer test, and a weak negative correlation with TBUT.
Conclusions: Wearing facemasks during the COVID-19 pandemic is a risk factor for worsening tear film parameters.
This deterioration is significantly greater with surgical masks than with N95 particulate respirators and increases with the
duration of facemask use.
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Introduction 2020, the Chinese Center for Disease Control and
Prevention declared the identification of a novel
Coronavirus, that was later declared responsible for the
outbreak.” The newly discovered COVID-19 virus has
quickly spread across the planet and the number of
global cases has now surpassed 100 million with over
two million mortalities as of February 4th, 2021."°

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." It is a significant
cause of ocular discomfort and visual impairment that
could affect patient quality of life.” The prevglsnce of 'Department of Ophthalmology, Faculty of Medicine, Ain Shams
DED is highly variable among different studies” " and is University, Cairo, Egypt
known to stress the healthcare system with a huge eco- .
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Wearing facemasks is being strongly encouraged to
help combat the spread of COVID-19."" As people are
adapting to the wearing of face masks, there is a rising
concern about Mask-Associated Dry Eye (MADE),
caused by poor fitting masks and air leak.'? Studies indi-
cate that air convection does have ocular complications.
For example, air currents around the face from powered
air-purifying respirators have been shown to aggravate
dry eye symptoms'? and air regurgitation through the naso-
lacrimal system from continuous positive airway pressure
masks may irritate the ocular surface.'* An additional
example is exposure keratopathy in the Intensive Care
Unit, which was recorded at 54.3% among mechanically
ventilated patients compared to 5.1% in non-ventilated
patients.'® There are two main types of facemasks: surgical
masks which are poorly-fitting, disposable masks that
filter out droplets, and tight-fitting N95 particulate respir-
ator masks which filter out airborne particles.'® Pre-
COVID-19 studies reveal that both types reduce clinical
respiratory disease in health-care professionals by 41%
and influenza-like illness by 66%."”

The purpose of this study is to demonstrate the effects of
wearing facial masks on dry eye symptoms and on tear film
parameters, and to compare two types of masks that are
being used to combat the spread of COVID-19 regarding
their effect on the ocular surface.

Methods

This prospective observational clinical study was con-
ducted at Ain Shams University Hospitals after gaining
approval of Ain Shams University Faculty of Medicine
ethical committee and was in accordance with the 1964
Helsinki declaration. The study was carried out from
September 2020 to January 2021. Informed consents
were taken from all subjects after explanation of the
nature and possible consequences of the study. We
included 200 healthy volunteers recruited from relatives
of patients presenting at Ain Shams University Hospitals
outpatient clinics. Exclusion criteria were age less than
18 years, Meibomian gland dysfunction, conjunctivitis,
contact lens users, smoking, any history of significant
ocular or systemic pathology, history of previous ocular
surgery, eyelid disorders, patients on systemic or topical
medications that could affect the ocular surface, and
patients with any respiratory disease who would be
exhausted by wearing a facial mask. Subjects were ran-
domly allocated to two subgroups: Group A included
100 volunteers assigned to use the fluid resistant surgical
mask, and Group B included 100 participants assigned to
use the N95 particulate respirator.

All subjects were subjected to detailed medical and oph-
thalmological history taking, with special emphasis on the
daily number of hours each participant spends wearing a
facemask. Ophthalmological examination included best-

corrected visual acuity (BCVA) by decimal scale, anterior
segment examination with slit-lamp biomicroscopy, and
tear film assessment.

Evaluation of the tear film was performed both subject-
ively and objectively. Since this study was performed
during the COVID-19 pandemic and most volunteers were
already wearing facemasks, we asked participants to
remove their masks for 120 min (to restore ocular surface)
before taking baseline measurements (while strictly adhering
to the rules of social distancing). DED symptoms were
assessed using the Ocular Surface Disease Index (OSDI)
questionnaire.'®!'” The OSDI was measured on a scale from
0 to 100, with higher scores indicating more dryness. For clin-
ical signs of dryness, objective tests were employed in the fol-
lowing sequence with 5 min breaks in between: the tear
break-up time (TBUT), corneal fluorescein staining, and the
Schirmer-I test without anaesthesia. Examination was done
between 9am and 12pm to avoid the influence of diurnal vari-
ation on the tear film.>® For TBUT, fluorescein strips were
applied to the lower conjunctival fornix, and the subject
was requested to blink a few times and then keep their eyes
open. While being monitored by the slit-lamp under cobalt-
blue light illumination, the time interval between the last
blink and the appearance of the first dry black spot was
recorded in seconds using a stopwatch. The test was per-
formed three times, and their mean was calculated. For
corneal fluorescein staining, the dye was instilled using fluor-
escein strips and staining was observed using a slit-lamp
under cobalt-blue illumination. Scoring of the corneal stain-
ing was done using the Oxford grading scheme.’!
Schirmer-I test was performed by applying Schirmer strips
(Tear Flo; Sigma Pharmaceuticals, Monticello, [A) to the
lower conjunctival fornix away from the cornea and near
the lateral canthus. Subjects were requested to keep their
eyes shut for 5 min, and then the moistened segment of the
strip was measured and recorded in millimetres.*?

At this point, each participant was asked to wear a face-
mask and wait for 60 min in a room with no air currents
and humidity level between 40% and 60% and temperature
level between 20°C and 25°C. Group A subjects wore a
fluid resistant surgical mask (3M™ High Fluid Resistant
Mask, Earloop 1840), while Group B subjects wore an
NO95 particulate respirator (3M™ Health Care Particulate
Respirator and Surgical Mask 1860, N95).

After the 60 min period, the TBUT, corneal staining and
Schirmer-I test were repeated, and the results recorded.

Statistical analysis

An unpaired Student’s t-test was used to compare paramet-
ric variables between the two groups, and a chi-square test
was used to compare categorical variables. Paired
Student’s t-test was used to compare measurements
before and after the facemask wearing. Pearson correlation
coefficient was used to evaluate the correlation between the
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Table |. Demographic and clinical data at baseline for groups A and B (SD: standard deviation).
Group A Group B P-value
Mean age in years + SD (range) 30.26 +6.51 (18 to 40) 29.43 + 6.44 (18 to 40) 0.37
Gender Males 54 (54%) 52 (52%) 0.78
Females 46 (46%) 48 (48%)
Mean BCVA in decimals + SD 0.76 +0.16 (0.1 to 1.0) 0.76 +0.15 (0.2 to 1.0) 1.0
(range)
Mean daily number of hours 329+23 (0to I1) 32+233(0to0 9) 0.78
spent wearing a facemask +
SD (range)
Mean OSDI score + SD (range) 22.53 +9.55 (8 to 46) 21.58+9.6 (9 to 45) 0.48
Mean TBUT in seconds + SD 10.07 +1.94 (6 to 14) 99+ 1.78 (6 to 14) 0.52
(range)
Mean Oxford score for corneal 0.94+1.35(0to5) 1.04+ 1.1 (0 to 4) 0.57
fluorescein staining + SD
(range)
Mean Schirmer in mm +SD 12.82 +4.62 (4 to 21) 12.88+4.17 (4 to 20) 0.92
(range)

daily number of hours spent wearing a facemask and both
subjective and objective tear film parameters at baseline
(where r=1 is total positive linear correlation, r=0 is no
linear correlation and r=-1 is total negative linear correl-
ation). Values of P < 0.05 were considered statistically sig-
nificant. All statistical analyses were performed using
Microsoft Excel 2016.

Results

Demographic and clinical data for the two groups at base-
line are shown in Table 1. There was no significant differ-
ence between the two groups as regards age, gender,
BCVA, daily number of hours spent wearing a facemask,
OSDI score, TBUT, corneal fluorescein staining or
Schirmer test

After 60 min of wearing a facemask, all tear film para-
meters worsened in both groups. These changes from base-
line were statistically significant in both Group A (P-value
< 0.0001 for each of TBUT, corneal fluorescein staining
and Schirmer test) and Group B (P-value < 0.0001 for
each of TBUT, corneal fluorescein staining and Schirmer
test). This is shown in Table 2 and Figure 1.

Table 3 illustrates a comparison between Groups A
and B as regards the magnitude of change (measure-
ments at baseline — measurements after 60 min of
wearing a facemask) in each of the tear film parameters.
It is apparent that the magnitude of change in Group A
subjects was significantly larger for all parameters than
the magnitude of change in Group B (P < 0.0001 for
TBUT, corneal staining by fluorescein and Schirmer
test).

There was a strong positive correlation between the
daily number of hours spent wearing a facemask and the

OSDI and corneal staining by fluorescein (measured at
baseline). On the other hand, there was a strong negative
correlation between the daily number of hours spent
wearing a facemask and Schirmer test, and a weak negative
correlation with TBUT (measured at baseline). This is
shown in Table 4 and Figure 2.

Discussion

DED is a multifactorial disease of the ocular surface, in which
the tear film stability and homeostasis are compromised,
leading to variable symptoms and signs.1 Tear film evapor-
ation is known to be a major contributing element in the patho-
genesis of DED,*** and air currents, whether environmental
as in windy weather® or artificial as with continuous positive
airway pressure'* have been shown to aggravate the condition.
To our knowledge, there are no previous studies that assess the
effect of wearing facemasks on the ocular surface objectively.
Therefore, this is a novel study which provides
an understanding on how objective tear film parameters are
affected by using masks during the COVID-19 pandemic.
Our results indicate that both types of facemasks induced
a significant deterioration of all objective tear film parameters
(TBUT, corneal fluorescein staining and Schirmer test). This
is similar to the findings of Giannaccare et al.,”® who con-
ducted a survey among medical students and postulated
that wearing facemasks during the COVID-19 pandemic
has exacerbated dry eye symptoms. They attributed this to
either mask displacement or improper fitting which scatters
air around the eyes, causing accelerated tear evaporation.
Likewise, Moshirfar et al.'* observed a proportional increase
in symptoms of eye dryness among mask wearers, including
those who had never previously complained of DED symp-
toms before. Such patients reported symptomatic
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Table 2. Tear film parameters at baseline and after 60 min of wearing a facemask in groups a and b (SD: standard deviation).

At Baseline After 60 min facemask P-value
Group A Mean TBUT £ SD (range) 10.07 +1.94 (6 to 14) 9.42+1.96 (5 to 14) < 0.0001
Mean Corneal fluorescein staining 0.94+1.35 (0 to 5) 1.5+1.41 (0 to 5) < 0.0001
(Oxford scheme) + SD (range)
Mean Schirmer test +SD (range) 12.82 +4.62 (4 to 21) 10.02+3.87 (2to 17) < 0.0001
Group B Mean TBUT +SD (range) 9.9+ 1.78 (6 to 14) 9.66 +1.78 (5 to 14) < 0.0001
Mean Corneal fluorescein staining 1.04+ 1.1 (0 to 4) 1.19+ 1.1 (0 to 4) < 0.0001
(Oxford scheme) + SD (range)
Mean Schirmer test +SD (range) 12.88 +4.17 (4 to 20) 1254 +4.11 (4to 19) < 0.0001
TBUT Corneal staining by fluorescein
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Figure |. Tear film parameters at baseline and after 60 min of wearing a facemask in groups A and B.
a: TBUT (tear break-up time), b: Corneal staining by fluorescein, c: Schirmer test.

Table 3. Comparison between changes in tear film parameters in groups a and b.

Group A Group B P-value
Mean change in TBUT from baseline in —0.65+0.78 (0 to —4) —0.24+047 (-1 to+1) < 0.0001
seconds + SD (range)
Mean change in corneal fluorescein staining by +056+05 (0to+1) +0.15+036 (0to I) < 0.0001
Oxford scheme from baseline + SD (range)
Mean change in Schirmer test from baseline —2.8+1.46 (0 to —7) —0.34+0.48 (0 to —1I) < 0.0001
in mm + SD (range)
deterioration on evaluation by the OSDI questionnaire, in Similarly, Hadayer et al.*” used thermal and infrared
addition to augmented postoperative dry eye sensation. cameras to monitor air flow from three types of facemasks

Most were even conscious of air flowing from the mask  during normal breathing, speech, and deep breathing. Air
into their eyes. currents were recorded arising from the upper edges of the
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masks and flowing toward the ocular surface in 81% of
cases. They therefore suggested that wearing facemasks
by patients receiving intravitreal injections during the
COVID-19 pandemic may pose as a risk for developing
endophthalmitis. Another study®® described a recent
surge of postoperative infections (including infectious
keratitis and endophthalimitis) after corneal collagen
cross-linking, cataract surgery and vitrectomy in patients
wearing facemasks during and/or after surgery. Cultures
detected bacterial flora of the oral cavity, which lead
them to suggest that wearing facemasks during ophthal-
mic surgery could increase the incidence of infection

Table 4. Correlation between daily number of hours spent
wearing a facemask and subjective and objective tear film
parameters.

Pearson correlation
coefficient P-value for
daily number of hours
spent wearing a

Pearson correlation
coefficient “r” for
daily number of hours
spent wearing a

facemask facemask
OSDI +0.872 < 0.0001
TBUT —0.1056 0.139
Corneal +0.7139 < 0.0001
staining by
fluorescein
Schirmer test -0.793 < 0.0001

by blowing bacterial flora from the oral cavity toward
the ocular surface. Additionally, Chadwick and
Lockington29 reported a case of early postoperative
painful loss of vision after uneventful phacoemulsifica-
tion and referred it the ill-fitting facemask directing the
patient’s exhalation to the eye leading to excessive dehy-
dration of the corneal surface. Unlike normal breathing,
which is directed away from the face, facemasks divert
the exhaled air towards the ocular surface, therefore ren-
dering it prone to dryness.

Furthermore, our findings reveal that the deterioration
in objective tear film parameters (TBUT, corneal fluores-
cein staining and Schirmer test) after wearing a facemask
for 60 min was significantly larger in Group A subjects
than in Group B. Therefore, surgical masks could have a
greater drying effect on tear film parameters compared to
NO5 particulate respirators. This could be due to the
tighter fitting provided by the N95 particulate respirators,
which partially impediments airflow from the facemask
toward the eyes. Again, this is in concord with the findings
of Hadayer et al.,”” who monitored air leak from three
types of surgical facemasks. The facemask with four
tying strips showed a leak in 83% of subjects, while the
facemask with elastic ear loops produced a leak in 93%
of cases. Seepage of air was detected in only 67% of sub-
jects wearing the N95 tuberculosis particulate facemask.
Therefore, the snug fit provided by the N95 particulate
respirators could somewhat act as a barrier to airflow
from the facemask to the corneal surface.
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Figure 2. Correlation between daily number of hours spent wearing a facemask and subjective and objective tear film parameters.
a: OSDI (Ocular Surface Disease Index), b: TBUT (tear break-up time), c: Corneal staining by fluorescein, c: Schirmer test.
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In addition, we found a strong positive correlation
between the daily number of hours spent wearing a face-
mask and the OSDI and corneal staining by fluorescein,
and a strong negative correlation with Schirmer test The
correlation with TBUT was weak. Therefore, the longer
the facemask is worn, the greater the tear film dehydra-
tion. Similarly, Moshirfar et al.'? noticed that those
wearing facemasks for longer periods show symptoms
of DED more frequently, particularly the elderly,
immunocompromised, and healthcare professionals.

Chen et al*® have described symptoms of DED in
COVID-19 patients. Although dry eye is mentioned as a
sequel of the disease itself, it is possible that this dryness
may be due to the necessary, continual wearing of face-
masks by such patients.

However, we are aware of our study limitations, includ-
ing the absence of other objective tests such as tear osmo-
larity and other ocular surface staining methods such as
Rose Bengal and lissamine green. These shortcomings
may be addressed in future studies, in addition to the poten-
tial of evaluating the effect of taping the superior edges of
facemasks.

Conclusion

To conclude, wearing facemasks during the COVID-19
pandemic could be a risk factor for DED. This risk is sig-
nificantly greater with surgical masks than with N95 par-
ticulate respirators and increases with the duration of
facemask use. Nonetheless, we do not discourage face-
mask use to prevent viral spread during the pandemic.
Mask manufacturers could provide better fitting designs
and taping the upper edge of the mask may reduce air
leaks. Wearing protective glasses has been shown to
reduce DED symptoms in medical staff.>' This is particu-
larly important during the COVID-19 pandemic. The tear
film has a vital antimicrobial function®? and viral transmis-
sion through the ocular surface has been proven possible.>*
Consequently, excessive dryness could pose as a risk factor
for COVID-19 spread.
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