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Purpose: The purpose of this study was to describe the face mask (FM)-related ocular
surface changes using clinical tests, in vivo confocal microscopy (IVCM) and impression
cytology (IC), and to investigate the Dry Eye-related Quality of life Score (DEQS).

Methods: Sixty-six patients with dry eye disease (DED) and 62 healthy subjects (group
2) using FM were enrolled. Groups were divided into: groups 1A and 2A: < 3 hours of
FM wear; groups 1B and 2B: 3 to 6 hours; and groups 1C and 2C: > 6 hours. Patients
underwent DEQS questionnaire, break-up time (BUT), Schirmer test I (STI), fluorescein
and lissamine staining (FS and LS), IVCM to determine corneal dendritic cell density
(DCD) and goblet cell density (GCD), and IC to measure HLA-DR, at baseline and after
3 months.

Results: FM use duration before enrollment was 27 ± 2.3 and 30 ± 4.1 (days ± SD) for
groups 1 and 2 (P > 0.05). After 3 months, DEQS worsened in groups 1B and 1C, STI in
groups 1A to 1C, FS and LS in group 1C (P < 0.05); in controls, BUT and FS worsened
only in group 2C (P < 0.05). DCD significantly increased in groups 1A to 1C and HLA-
DR in groups 1B and 1C (P < 0.05), whereas GCD did not significantly change. DCD and
HLA-DR increased only in group 2C (P < 0.05). DEQS significantly correlated with DCD
(P= 0.05, r= 0.698; P< 0.001, r= 0.832) and HLA-DR (P= 0.043, r= −0.687; P< 0.001,
r = 0.861) at baseline and 3 months.

Conclusions: Use of FM increases ocular surface inflammation and negatively impacts
the quality of life in patients with DED.

Translational Relevance: The study of the prolonged use of FM effectsmay be relevant
to managing DED.

Introduction

The novel coronavirus disease 2019 (COVID-19)
pandemic changed many aspects of the human life,
most of thembecause of themeasures taken to limit the
virus (severe acute respiratory syndrome-coronavirus
2 [SARS-CoV-2]) spread. In fact, because there is no
vaccine or validated therapy yet, unprecedented public

health measures have been adopted. Besides physical
distancing, hand hygiene, and contact tracing, the use
of personal protective equipment (PPE), including face
masks (FMs), represents critical strategies to limit the
diffusion of virus.1–3 SARS-CoV-2 is in fact spread
primarily via respiratory droplets during close face-to-
face contact, or in particular conditions by aerosol.3
Although the real utility of the FMwear is still amatter
of debate, the recommendations of regulatory agencies
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led to a rapid increase in their utilization, especially in
crowded places or confined environments where physi-
cal distancing cannot be adequately met.4,5

Nevertheless, the prolonged use of FMsmay lead to
several side effects, such as increasing respiratory resis-
tance, pain and pressure on the nose and ears, temporo-
mandibular joint changes, itch, and ocular discom-
fort.6–9 Emerging evidences have in fact indicated
an increased prevalence of ocular symptoms during
the COVID-19 pandemic, with the prolonged use of
FMs probably representing one of the contributing
factors.10,11

To analyze the prevalence and risk factors leading
to ocular discomfort during the COVID-19 pandemic,
Giannaccare et al. administered an ad hoc survey to
university students.10

The authors hypothesized that the increased use of
visual display terminals and the prolonged FMwearing
were the two main causes involved in the ocular
discomfort development.10 When focusing on FMs, it
has been suggested that the air blowing upward during
breathing out, or the limited excursion of the lower
eyelid promote an accelerated evaporation of tears and,
thus, the onset or worsening of dry eye disease (DED)-
related symptoms.10,11 However, to date, studies that
objectively supported at cellular or molecular levels the
hypothesized detrimental effects of the FM use on the
ocular surface, or their impact on patient quality of life
(QOL), are not available.

The aims of the present study were to prospec-
tively evaluate whether the prolonged use of a FM
modifies the clinical indicators of the ocular surface,
the conjunctival goblet cell density (CGCD), and
corneal dendritic cell density (DCD) at in vivo confo-
cal microscopy (IVCM), the HLA-DR expression at
impression cytology (IC), and whether these modifi-
cations correlate with the Dry Eye-related Quality of
life Score (DEQS), after 3 months of continuous use
of FMs.

Materials and Methods

Patient’s Enrollment

This was a prospective study conducted at the
Ophthalmic Clinic of the G. d’Annunzio University of
Chieti-Pescara, Italy, during the COVID-19 pandemic.
The protocol used was approved by our Institutional
Review Board (Department of Medicine and Ageing
Science, G. d’Annunzio University of Chieti-Pescara,
Chieti, Italy), and the study adhered to the tenets of
the Declaration of Helsinki. Informed consent was
obtained from all the participants before enrollment

after explanation of the nature and possible conse-
quences of the study.

Sixty-six eyes of 66 patients with DED (group 1)
and 62 eyes of 62 healthy subjects (group 2) with
history of a continuative use of FM have been consec-
utively enrolled from April to June 2020. Only subjects
using a triple layer surgical FM were enrolled.

Patients with DED were enrolled during routine
ambulatory visits, whereas healthy subjects were
enrolled among healthcare professionals of the clinic or
subjects referring to general ambulatory for a routine
visit. Both patients with DED and controls underwent
a complete ophthalmological examination, including
best-corrected visual acuity and intra-ocular pressure
determination, slit lamp assessment of the ocular
anterior segment, and fundus evaluation.

Inclusion criteria for DED corresponded to those
required by Dry Eye Workshop (DEWS) guide-
lines,12 whereas for the exclusion criteria we adopted
those proposed by the American-European Consensus
Group.13

Healthy subjects had to show a completely normal
ophthalmological assessment. Exclusion criteria for
healthy subjects were: history of systemic or intra-
ocular inflammatory diseases, systemic or topical
therapies in the last 6 months that could have
modified ocular surface, and smart working activ-
ities requiring continuous use of video-terminals
(VDTs). At the moment of enrollment, patients with
DED were treated with preservative-free solution of
sodium hyaluronate (0.15%) for up to 6 times a day,
and did not receive topical steroids during the last
2 months.

According to the number of daily hours of FM use
before enrollment, the 2 groups were further divided
into 3 subgroups: groups 1A and 2A: less than 3 hours;
groups 1B and 2B: 3 to 6 hours; and groups 1C and
2C: more than 6 hours. After enrollment, patients were
asked to maintain the same number of hours of FM
wear during the day; to motivate patients to respect
this strategy, we recommended them to report in a daily
diary the time slots of FM wear.

In addition, all the subjects were asked to provide
information regarding their exposure to other
additional risk factors for dry eye, especially the
use of computers and the exposure to air conditioning.

QOL Questionnaire and Clinical
Examinations

All subjects were evaluated at baseline and after
90 days of continuous use of FMs, and under-
went the DEQS questionnaire to assess QOL, ocular
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surface clinical tests, and finally IVCM and IC of the
conjunctiva.

DEQS is a survey composed of 15 questions that
scores the frequency and the degree of dry eye-related
symptoms using an overall summary scale.14 The final
score, which ranges from 0 to 100 (with higher values
indicating greater discomfort and disability), is consid-
ered a quantitative index of dry eye symptoms.

The DEQS questionnaire was completed before
clinical tests, which comprised tear film break-up
time (T-BUT), Schirmer test I (STI) with topical
preservative-free oxybuprocaine, corneal fluorescein
staining (FS), and lissamine green staining (LS).
According to the DEWS guidelines, BUT, FS, LS,
and STI (30 minutes after T-BUT) were consecutively
performed.12 BUT was recorded as the average of
three consecutivemeasurements. FSwas evaluatedwith
1% sodium fluorescein and scored 0 to 3 according
to the Oxford grading scale, whereas LS was graded
according to the classification proposed by Sullivan
and coworkers.15,16

The Oxford grading is a method to quantify the
epithelial surface damage in patients with dry eye
disease. This system is based on a chart formed by a
series of panels, A to E, in each chart, staining is repre-
sented by punctate dots. The number of dots increases
by 1 log unit between panel A and B and by 0.5 log
units among other panels from B to E. To grade stain-
ing from 0 to 5, the operator compares the panels with
the appearance of staining on the ocular surface of the
patient.16

In Vivo Confocal Microscopy of the Cornea
and Conjunctiva

Two hours after completing clinical tests, patients
underwent IVCM (HRT III Rostock Cornea Module
(Heidelberg Engineering, Heidelberg, Germany) of the
cornea and bulbar conjunctiva to evaluate dendritic
cells (DCs) and goblet cells (GCs).

The image acquisition procedure for the corneal
and conjunctival analysis were performed as already
described.17,18

For the corneal analysis, at least 30 images of the
central cornea were acquired at the level of the subep-
ithelial layer. In each frame, the presence and the
density of DCs were evaluated. DC features had to
be consistent with literature, presenting as bright cells
with a branching dendritic morphology, located at the
level of basal membrane of the corneal epithelium, at
a depth of 40 to 50 μm.17 DCD was calculated on
15 randomly selected high-quality images, using the
analysis software provided by the instrument, by

averaging numbers of cells counted manually within a
region of interest of standardized dimensions (250 ×
250 μm). DCD was given as cells/mm2.

For the conjunctival analysis, 30 images were
acquired for each eye, and 14 high quality images
were selected from the superior and temporal sectors
(7 images per sector) to calculate the GCD (using the
Cell Count Software of the device, in manual mode).
The morphological features of GCs had to be consis-
tent with those reported in literature, as oval-shaped
and hyper-reflective cells 2/3 times larger than the
epithelial cells, dispersed or crowded in groups, recog-
nizable at a depth of 15 to 30 μm.18

Impression Cytology of the Conjunctiva

IC was performed to evaluate the HLA-DR expres-
sion at the temporal bulbar conjunctiva, and was
conducted 24 hours after the IVCM assessment to
avoid misinterpretation due to the technical execution
of the confocal microscopy. Samples were collected
using Millicell-CM 0.4 μm (Millipore, Bedford, MA);
the specimen acquiring procedure was performed as
previously described.18,19 Zeiss Confocal LSM 510
(Carl Zeiss MicroImaging GmbH, Vertrieb, Germany)
was used to visualize cells. Five different fields for
each sample were evaluated. Positive (red nucleus
and green cytoplasm) and negative (red nucleus) cells
were counted. Minor irregularities that may have been
present after cutting the membranes were normal-
ized by reporting the percentage of positive cells for
HLA-DR.

All evaluations of impression cytology samples were
performed by two independent observers (authors L.B.
and R.D.A.). IVCM (author M.L.) and IC (authors
L.B. and R.D.A.) operators were masked for grouping
and subject history of patients. Both eyes for patients
were evaluated in the study, but one eye per subject was
randomly chosen (using a computer-generated random
number list) for the statistical analysis.

Outcomes of the Study

The main outcomes of the study were baseline and
3 months DCD and GCD at IVCM, HLA-DR positiv-
ity at IC, andDEQS score. Correlations among clinical,
confocal, and IC parameters with theDEQS score were
also investigated.

Statistical Analysis

The sample size calculation was established calcu-
lating a difference among groups of at least 10%, a
type I error rate (α) of 5%, and a power of 80%.
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Analysis was performed using SPSS Advanced Statisti-
cal version 25.0 Software (Chicago, IL, 2017). Shapiro-
Wilk’s test was performed to evaluate the normal-
ity of distribution for each variable. Student’s t-test
and χ2 test were used to evaluate age and gender
differences between healthy subjects and patients with
DED. The Mann-Whitney U test was used to deter-
mine differences among groups, and ANOVA repeated
measures was used to calculate the differences between
baseline and 3 months’ follow-up values. Spearman’s
nonparametric correlation analysis was used to inves-
tigate relations among clinical, IVCM, and IC parame-
ters. Any P values less than 0.05 were considered statis-
tically significant.

Results

Demographic Data

There were no significant differences among groups
on the duration of FM use before enrollment: 27 ±
2.3 and 30 ± 4.1 (days ± SD) for groups 1 and
2, respectively (P > 0.05). Similarly, there were no
significant differences for gender and age: male/female
was 40/26 and 35/27, and mean age 49.2 ± 9.1 and
45.5± 8.3 (years± SD), for groups 1 and 2, respectively
(P > 0.05).

All enrolled subjects concluded the study and,
according to their self-reported diary, did not modify
the number of hours of daily use of FM during the
3 months of follow-up.

The mean time of computer working did not signif-
icantly differ between groups, with values of 1.2 ± 0.5
and 1.4 ± 0.6 hours per day in groups 1 and 2, respec-
tively (P < 0.05).

DEQS Questionnaire and Tear Film Function
Tests

Overall, DEQS score, TBUT, STI, FS, and LS were
significantly different between groups 1 and 2, both at
baseline and at the 3months’ follow-up (P< 0.01), with
all values 4 timesworse (Table 1). Significant differences
were also found between DED and healthy subgroups.
In DED, at baseline, group 1C presented significant
worse values of DEQS score compared with groups 1A
and 1B, and worse values of T-BUT and FS compared
to group 1A (P< 0.05); at 3months, DEQS values were
significantly worse in group 1C compared to group
1A (P < 0.001) and group 1B (P < 0.05), whereas
the other parameters were significantly different only
between group 1C and group 1A (P < 0.001). When
comparing baseline and 3 months’ data, DEQS signif-
icantly worsened in groups 1B and 1C, STI in all the
3 subgroups, whereas FS and LS worsened only in
group 1C (P < 0.05).

In healthy controls, baseline DEQS score was signif-
icantly worse in group 2C compared to group 2A and
group 2B; at 3 months follow-up, DEQS score, T-BUT,
FS, andLS (Fig. 1) were significantly worse in group 2C
(P < 0.05). When comparing baseline and 3 months’
data, group 2C showed a significant worsening of
T-BUT, FS, and LS values (P < 0.05). DEQS scores
did not change in any of the three subgroups.

Table 1. Baseline and Follow-Up QOL and Tear Film Data
Baseline 3 months Follow-Up

DEQS T-BUT FS LS STI DEQS T-BUT FS LS STI

Group 1 48.0 ± 8.9a 4.1 ± 1.5a 2.4 ± 1.6a 2.6 ± 1.7a 5.3 ± 1.2a 50.7 ± 5.2a 3.8 ± 1.1a 2.8 ± 1.9a 2.9 ± 1.5a 4.3 ± 0.8a

Group 1A 45.7 ± 7.9b,d 4.6 ± 1.6b,c 2.2 ± 1.2b,c 2.5 ± 1.6b 5.3 ± 1.3c 46.3 ± 4.8b,d, f 4.3 ± 1.7b,d 2.6 ± 3.2b,d 2.7 ± 1.9b,d 4.8 ± 1.5b,c ,d

Group 1B 48.2 ± 8.1b,c 4.2 ± 1.9b 2.5 ± 1.5b 2.6 ± 1.7b 5.5 ± 1.1b 51.8 ± 5.9b,c ,d , f 4.1 ± 1.9b,c 2.7 ± 2.1b,c 2.8 ± 1.4b 4.4 ± 2.1b,d

Group 1C 50.1 ± 6.7b 3.6 ± 1.5b 2.6 ± 1.7b 2.7 ± 1.3b 5.1 ± 0.9b 54.1 ± 6.4b,e , f 3.1 ± 2.2b,e 3.1 ± 2.2b,e 3.4 ± 1.7b,e 3.7 ± 1.2b,e

Group 2 11.7 ± 3.5 13.2 ± 0.8 0.7 ± 0.3 1.0 ± 0.5 18.4 ± 3.6 12.7 ± 1.5 13.0 ± 1.4 0.9 ± 0.4 1.1 ± 0.5 17.9 ± 3.3
Group 2A 11.3 ± 4.8f 13.5 ± 2.2 0.6 ± 0.2 0.9 ± 0.7 19.2 ± 3.5 11.9 ± 2.1g,h 13.7 ± 2.4g 0.7 ± 1.1g 0.9 ± 0.9g,h 18.4 ± 4.8
Group 2B 11.1 ± 3.2 13.2 ± 1.9 0.7 ± 0.5 0.8 ± 1.1 18.9 ± 4.9 12.3 ± 2.8g 13.1 ± 1.8g 0.9 ± 0.7 1.1 ± 0.5g 18.2 ± 5.2
Group 2C 12.6 ± 3.7 13.1 ± 2.3 0.9 ± 1.2 1.2 ± 0.6 17.1 ± 3.2 13.9 ± 3.2 12.2 ± 2.1e 1.2 ± 0.9e 1.4 ± 1.1e 17.2 ± 4.3

DEQS, Dry Eye-Related Quality-of-Life Score Summary Score; T-BUT, tear film break-up time in seconds; FS, corneal staining
with fluorescein stain, points; LS, conjunctival staining with green lissamine, points; STI, Schirmer I Test; mm.

aP < 0.01 vs. group 2.
bP < 0.01 vs. groups 2A, 2B, and 2C.
cP < 0.05 vs. group 1C.
dP < 0.001 vs. group 1C.
eP < 0.05 vs. baseline.
fP < 0.001 vs. groups 2A, 2B, and 2C.
gP < 0.05 vs. group 2C.
hP < 0.01 vs. group 2C.
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Figure 1. Representative images of lissamine green staining of bulbar conjunctiva in a patient affected by dry eye at baseline (A) and after
3months of daily use of facemask> 6 hours (B). At the end of follow-up, an increased staining of conjunctival epithelium is evident, indicat-
ing a progression of ocular surface damage.

Table 2. In Vivo Confocal Microscopy and Impression Cytology Data
Baseline 3 Months Follow-Up

DCD, Cells/mm2 GCD, Cells/mm2 HLA-DR +, % DCD, Cells/mm2 GCD, Cells/mm2 HLA-DR +, %

Group 1 58.70 ± 19.91a 120.37± 12.15a 40.26± 20.87a 62.01± 17.65a,b 118.09± 16.13a 43.23± 13.05a,b

Group 1A 56.32 ± 16.54c,e 120.34 ± 13.11c 39.51 ± 11.43c 59.21 ± 13.23c,e,g 119.26 ± 12.37c 39.87 ± 12.34c,e

Group 1B 58.65 ± 14.37c,d 119.18 ± 10.31c 38.65 ± 14.51c 61.72 ± 12.11c,d,g 118.76 ± 13.46c 42.21 ± 13.67c,e,g

Group 1C 61.0 ± 12.75c 121.61 ± 12.24c 42.62 ± 12.75c 65.12 ± 14.54b.c 116.25 ± 11.69c 47.63 ± 11.52b,c

Group 2 19.70± 6.97 239.47± 19.41 5.19± 2.76 22.19± 8.54 237.70± 17.93 6.06± 2.19
Group 2A 18.23 ± 9.07 241.71 ± 23.58 4.73 ± 1.47f 20.13 ± 8.76b,c 239.27 ± 20.39 5.47 ± 2.13f

Group 2B 19.76 ± 7.21 238.22 ± 21.33 4.93 ± 2.36 21.34 ± 7.54 237.13 ± 19.81 5.28 ± 1.74
Group 2C 21.12 ± 6.05 238.49 ± 19.71 5.91 ± 1.95 25.12 ± 8.42h 236.72 ± 22.35 7.43 ± 1.98h

DCD, dendritic cell density; cells/mm2. GCD, goblet cell density; cells/mm2.
aP < 0.01 vs. group 2.
bP < 0.01 vs. baseline.
cP < 0.01 vs. groups 2A, 2B, and 2C.
dP < 0.05 vs. group 1C.
eP < 0.001 vs. group 1C.
fP < 0.05 vs. group 2C.
gP < 0.05 vs. baseline.
hP < 0.01 vs. group 2C.

In Vivo Confocal Microscopy and Impression
Cytology

IVCM and IC data are summarized in Table 2.
Overall, DCD and HLA-DR positivity were signifi-
cantly higher, whereas GCD lower in DED compared
with healthy controls at both baseline and at 3 months’
follow-up. At the third month follow-up, DCD and
HLA-DR positivity significantly increased only in
group 1 (P < 0.01).

In DED subgroups, baseline DCD, GCD, and
HLA-DRwere significantly worse compared to healthy
controls (P < 0.01), with higher DCD values in group
1C compared to group 1B (P < 0.01) and 1A (P <

0.001). At the third month follow-up, the use of FMs
significantly increased DCD in all DED subgroups
(P < 0.05), and HLA-DR positivity in groups 1B and

1C (P < 0.05), whereas GCD did not significantly
change.

In healthy controls subgroups, baseline HLA-DR in
group 2C was significantly higher compared to group
2A (P < 0.05). At the third month follow-up, DCD
and HLA-DR positivity significantly increased only in
group 2C (P < 0.05).

Figure 2 and Figure 3 show baseline and 3 months
DCs and GCS at IVCM, whereas Figure 4 shows the
HLA-DR positivity at IC, in the DED and healthy
controls subgroups.

Correlations

At baseline, DCD correlated positively with DEQS
score and FS (P = 0.05, r =0 .698; P = 0.034, r =
0.653) and negatively with T-BUT and STI (P < 0.001
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Figure 2. Representative images of dendritic cells (DCs) visualized at the level of the subepithelial basal lamina bymeans of in vivo confocal
microscopy. After 3 months of follow-up, DCs density showed a significant increasing increased in all patients with dry eye (groups 1A, 1B,
and 1C) and in healthy subjects wearing a face mask for more than 6 hours a day.

Figure 3. Representative images of goblet cells (GCs) visualized at the level of bulbar conjunctival epithelium bymeans of in vivo confocal
microscopy. At baseline GCs density was significantly lower in patients with dry eye comparedwith healthy controls. Nomodification of GCs
density was observed after 3 months of follow-up in all subgroups analyzed.

Figure 4. Expression of HLA-DR in bulbar conjunctival epithelium in patients with dry eye and healthy subjects. HLA-DR positivity at
baseline was significantly higher in group 1 and after 3 months showed a significant increase in all dry eye subgroups (groups 1A, 1B, and
1C) and in healthy controls wearing a face mask for more than 6 hours a day.

r= −0.651;P=0 .042 r= −0.540); no significant corre-
lations were found betweenDCD and LS. At 3months,
the correlation between DCD and DEQS was stronger
compared to that of baseline (P < 0.001, r = 0.832).
At baseline, HLA-DR positivity negatively correlated

with STI (P =0 .043, r = −0.687) and positively with
DEQS score (P = 0.05, r = 0.754). At 3 months, as for
DCD, the correlation betweenHLA-DR positivity and
DEQS score was stronger than at baseline (P < 0.001,
r = 0.861).
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Discussion

Even though the role of FMs in limiting the SARS-
CoV-2 transmission is still a matter of debate, differ-
ent evidence suggests that their use, particularly in
confined environments, may reduce the virus from
spreading.

Preliminary studies, however, reported that the use
of FMs may harm the ocular surface.10,11

In a comprehensive interpretation of the results of
our study, we found that the continuative use of FMs
for 3 months worsened clinical indicators of ocular
surface disease (OSD), such as T-BUT and ocular
surface staining, and increased cellular and molecu-
lar markers of inflammation, such as DCD and HLA-
DR, especially in subjects using FMs for more than
6 hours per day. These changes, seen in healthy subjects,
were markedly greater in patients with dry eye, where
clinical, cellular and molecular markers of OSD were
altered even in case of less than 6 hours per day of FM
wear.

Thus, the continuative use of FMs may represent
a potential risk factor for dry eye in normal cases,
whereas is a significant risk factor for ocular surface
worsening in patients with DED.

These evidences represent the first described
during the COVID-19 pandemic and, thus, cannot
be compared with other studies. Nevertheless, when
considering the preliminary findings reported by
Giannaccare et al., our results seem to confirm the
suspect of a potential causative role of FMs in
symptoms reported by students during the pandemic.10
In fact, the Ocular Surface Disease Index (OSDI) score
was abnormal in more than half of the cases.

In our study, clinical and imaging data were in line
between them for the most part. In fact, the FS and
LS increase, whichmay be considered as potential clini-
cal markers of inflammation, were consistent with the
DCD and HLA-DR positivity increase, which repre-
sent inflammatory markers at IVCM and IC, respec-
tively.17,19 On the other hand, the unmodified values of
GCD after 3 months of FM use was not in line with
the T-BUT reduction, which indicates a reduction of
the tear film stability as a consequence of mucin loss.

This could depend on two reasons: the first one is
that inflammatory modifications of the ocular surface
may appear prior to that of GCs in the presence
of an OSD form, as previously reported in patients
with glaucoma19; the second is that IVCM, although
currently represents the most diffuse to way to study
GCs, could not timely recognize the GCD reduction in
the presence of a trigger stimulus. Therefore, further
studies using IC, which represents the gold standard

method to analyze GCs within the conjunctiva, are
required.

A crucial point that emerged from our study is the
impact of the FM-related changes on the patients’
QOL.As for other parameters, we cannot state whether
baseline intergroups differences of DEQS were related
to the initial use of FMs.When analyzing the 3months’
data, the QOL score worsened in patients with DED
wearing FMs for at least 3 hours per day, whereas it
did not change in healthy subjects. Moreover, DEQS
showed strong correlations with DCD and HLA-DR
positivity, indicating that the QOL worsening is proba-
bly related to the increased ocular surface inflamma-
tion.

To our knowledge, there were no previous studies
that investigated the relationship between the use of
FMs and modifications of the QOL. However, in
a recent study that evaluated the effects of surgical
and FFP2/N95 FMs on the cardiopulmonary exercise
capacity in healthy subjects, the authors concluded
that medical masks significantly impair the QOL of
wearers.20

These aspects should be strongly kept in consid-
eration, because patients with DED already have an
impaired QOL as a result of the underlying disease.
Therefore, medical and behavioral strategies aimed
at counterbalance of the detrimental effects of FMs
should considered when symptoms and signs of dry
eye begin to worse, or prior to their worsening in the
presence of a severe form of OSD.

A limited aspect of our study is that we did not
consider the impact of other concomitant risk factors
for dry eye on the described ocular surface changes,
especially the use of video terminals. As known, the
lockdown period forced a significant proportion of
people to convert their job in smart working, with an
increase of the time spent in front of computers.

When considering the pathophysiological mecha-
nisms underlying the ocular surface changes, as
hypothesized, the airflow reaching the ocular surface
during expiration probably represents the trigger factor
initiating the cascade of structural and molecular
changes of the tear film (TF).10,11

In fact, the exposure of the ocular surface to high
air velocity causes evaporation of water from the
precorneal TF by eliminating the boundary of air
adjacent to the TF in conditions of stagnant ambient
air. This hypothesis was confirmed in previous studies
that reported that exposure of the TF to high veloc-
ity airflow (1.0–1.4m/s) on normal eyes significantly
decreases BUT, and increases blink frequency as a
result of the changes on the ocular surface.21,22 These
findings were more recently confirmed in an anterior
segment-optical coherence tomography study, which
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found that the exposure of the ocular surface to high
speed air flow (1.5m/s) reduces the lower tear menis-
cus height and area and increases the blink frequency.23
Therefore, airflow reduces the TF stability and the tear
volume, inducing dry eye-like alterations; these findings
are in line with the reduced T-BUT and STI values we
observed especially in subjects with DED.

HLA-DR is a marker of inflammatory activity on
the ocular surface, both at the corneal and conjunctival
level, as it reflects the expression of DCs. It is widely
demonstrated that in case of DED, there is a pro-
inflammatory cellular activation with increased DC
density.17,24,25 HLA-DR was found increased in DED,
Sjögren syndrome, and meibomian gland disease. In
addition, the HLA-DR marker was described in liter-
ature to be useful for monitoring anti-inflammatory
effects of treatments in DED.24

The present study suffers from some limitations.
First, we did not consider control groups of patients
withDEDand healthy subjects not using FMs, because
in our country the entire population is strongly invited
to wear FMs. Therefore, one cannot ascertain whether
observed modifications in DED are induced by the
use of FMs or represent a normal worsening of the
ocular surface related to the concomitant disease.
However, the DCD and HLA-DR increases also in
healthy subjects, which do not have an underlying
OSD, and the worse values observed in subjects using
FMs for more than 6 hours/day seem to highlight the
potential causative role of the FM use in the ocular
surface worsening. Second, we exclusively investigated
the impact of surgical FMs on ocular surface, because
the largest part of the population wears this type
of PPE; further prospective studies are required to
evaluate the impact of most protective FMs, such as
FFP2 or FFP3, because they could differently harm
the ocular surface. Third, this a short-term prospective
study, which, for this reason, cannot unravel the ocular
surface changes in full; in fact, it is at least hypothesiz-
able that long-term studies may reveal also FM-related
GCD changes. In addition, prospective studies with a
longer follow-up and a period of FM wear discontin-
uation could also unravel whether these changes are
reversible at the suspension of FMs, and in which
time the ocular surface may recover its initial status.
Finally, to avoid potential biases in the final results, we
did not enroll patients on VDT-related smart working;
considering that the use of PPE and the remodulation
of job activities will still continue for several months,
further studies analyzing the impact of VDT activi-
ties and FM use in the ocular surface modifications are
mandatory.

In conclusion, our study found that: (i) the regular
daily use of FMs harms the ocular surface in the

presence of dry eye, inducing a significant worsening
of several clinical and molecular parameters when the
use is prolonged during the day; (ii) the ocular surface
worsening has a significant negative impact on the
patient quality of life; (iii) more limited is the detri-
mental effects of FMs in the presence of healthy ocular
surface, even though they tend to become significant
when the number of daily hours increases; and (iv) the
increase of inflammation appears as the main molec-
ular mechanisms underlying all these aspects. There-
fore, FMusers should pay attention in the presence of a
concomitant ocular surface disorder, such as dry eye. In
this case, amodification of environmental factors along
with modulations of drug strategies should be strongly
considered to increase the FM tolerability and limit the
OSD worsening.
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