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Purpose: To evaluate the changes on epithelial thickness before and after topical treatment in primary Sjogren syndrome-associated
dry eye disease (SS-DED).

Methods: This was a prospective study that included referred women with SS-DED and healthy age-matched controls. Corneal
epithelial thickness was evaluated using high-definition anterior segment optical coherence tomography (Cirrus 5000 HD-OCT) in the
baseline first consultation, and four weeks after treatment with preservative free Img/1mL sodium hyaluronate. Schirmer test 1 (ST1),
tear break-up time (TBUT), tear meniscus height (TMH), SICCA Ocular Surface Score (SICCA OSS) and Ocular Surface Disease
Index (OSDI) were evaluated. Statistical significance was defined as p-value <0.05.

Results: The study included 40 eyes, 20 with SS-DED and 20 controls. At baseline, SS-DED patients had lower ST1 (11.1 + 2.2mm
vs 14.1 £ 3.1mm, p<0.01), faster TBUT (9.1 + 1.8s vs 13.2 £ 1.1s, p<0.01) and lower TMH (211.2 £+ 68.4 um vs 217.2 £+ 60.1pm;
p<0.01) than the control group, whereas SICCA OSS and OSDI were higher (p<0.01). The superior epithelium was thinner in SS-DED
group (41.1 £3.2 pm vs 43.1£ 2.3 pm, p<0.01). After treatment, ST1, TBUT, TMH, SICCA OSS, and OSDI improved (p<0.01), and
superior epithelium thickened (p<0.01) in the SS-DED group.

Conclusion: Treatment with sodium hyaluronate improved ST1, TBUT, TMH, SICCA-OSS, and OSDI score. Superior epithelium
tends to be thinner in SS-DED but becomes thicker with treatment. Our results seem to illustrate the morphological changes in the
corneal epithelium in DED, which could be further recognized as a clinical biomarker of SS-DED.
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Introduction

Dry eye disease (DED) is a multifactorial disorder that results in ocular surface damage. Increased tear film osmolarity
activates a cascade of inflammatory events that affect the lacrimal functional unit and impair tear film production.’ The lack of
tears or poor-quality tear film leads to ocular surface injury. It may affect epithelial integrity, which is essential to maintain
ocular health and maintain the optical quality of the eye.>” Clinical consequences of DED include ocular discomfort,
photosensitivity, visual acuity compromise, and quality of life impairment.’

Sjogren syndrome associated dry eye is an inflammatory condition characterized by lymphocytic infiltration of the
lacrimal glands leading to ocular surface damage. In addition, SS patients often experience a mixed dry eye with an
additional evaporative component.*>

The ocular surface damage is usually evaluated using vital stains such as fluorescein for corneal epithelium. Considering the
role of the epithelium in many ophthalmological pathologies, corneal epithelial thickness has been increasingly studied by
several imaging techniques, such as very high-frequency (VHF) digital ultrasound, confocal microscopy, and anterior segment
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optical coherence tomography (AS-OCT). The latter, besides being a non-contact method and with negligible corneal infection
risk, provides high resolution, reliable and reproducible epithelial thickness analyses.® As such, many recent studies have used
AS-OCT to measure epithelial thickness in vivo in humans.”

Epithelial thickness has been studied in areas including corneal ectasias (keratoconus), after refractive surgery, contact lenses
wearing, and DED.”'*"'7 Regarding the effect of DED on corneal epithelial thickness, results are conflicting, describing either
a localized thinning in the superior epithelium or thickening in overall epithelium.'®'® The studies only agree that there is higher
variation in epithelial thickness in DED eyes than controls.'? To the best of our knowledge, there is only one study that aimed to
evaluate ocular surface changes in DED associated with Sjogren syndrome, but no one evaluated corneal epithelial thickness
profile.?

This study aimed to evaluate the signs, symptoms, and epithelial thickness profile in Sjégren syndrome associated with dry eye
disease and the changes related to treatment with sodium hyaluronate.

Methods

This was a prospective study that included women recently diagnosed with Primary Sjogren Syndrome (less than 6 months)
according to American College of Rheumatology/European League Against Rheumatism criteria®' with dry eye symptoms (SS-
DED group) and a control group of healthy age-matched women without dry eye disease and without treatment with artificial
tears over the past 6 months. Exclusion criteria included diabetes mellitus (DM) and thyroid disorders. Patients under antic-
holinergic drugs and topical glaucoma drops, with a history of contact lenses wear, herpetic ocular infection, ophthalmological
surgery, blepharitis, or meibomian gland dysfunction (MGD) were also excluded. The study was conducted by the principles of
the Declaration of Helsinki. All participants were informed about the purpose of the study and signed consent was obtained.
Approval was obtained from the institutional Research Committee of Hospital Garcia de Orta (Almada, Portugal).

Ophthalmological observations followed the same method at baseline and after treatment, including preservative-free
Img/ImL sodium hyaluronate, 4 times a day for four weeks. Patients were tested for the uncorrected and corrected
distance visual acuity (UDVA and CDVA, respectively) and refractive error presented as spherical equivalent (SE).

Corneal epithelial thickness was measured by anterior segment spectral-domain Cirrus 5000 HD-OCT (Carl Zeiss Meditec,
Germany). The software algorithm measures epithelial thickness as the distance between the middle of the first (tear film)
and second (anterior surface of the Bowman layer) hyperreflective lines on the B-scan. Two scans were obtained for each eye by
one examiner with a minute break, and average values were registered. Data were exported and processed with Cirrus HD-OCT
review software (version 10.0) which provides average epithelial thickness in three concentric ring-shaped zones centered on the
center of the cornea (central (CET): 0-2 mm, paracentral: 2—5 mm, and mid-peripheral: 5~7 mm). Epithelial thickness was also
recorded for specific octants of the cornea: superior (S), inferior (I), temporal (T), nasal (N), superonasal (SN), superotemporal
(ST), inferotemporal (IT), and inferonasal (IN) within the paracentral, and midperipheral areas.

Tear meniscus height (TMH) and lipid layer thickness (LLT) were measured with IDRA® — Ocular Surface Analyzer (SBM
Sistemi).

Schirmer test 1 (ST1) was performed with appropriate strips without anesthesia and results were read after 5 minutes. Tear
break-up time (TBUT) was evaluated.

Sjogren’s International Collaborative Clinical Alliance Ocular Staining Score (SICCA OSS) was calculated to grade dry eye
severity.>? Corneal score was given by punctate epithelial erosions (PEE) that stain with fluorescein as: 0, no PEE; 1, 1-5 PEE, 2,
6-30 PEE and 3, >30 PEE. An additional point was added if PEE occurred in the central 4mm diameter of cornea, one or more
filaments were seen in the cornea, or if patches of confluent staining were found. The maximum fluorescein score for each eye
was 6. The conjunctival score was given by dots of lissamine green staining as: 0, 0-9 dots; 1, 10-32 dots; 2, 33-100 dots; 3,
>100 dots. Any area of confluent staining > 4mm?” was considered as grade 3. Nasal and temporal conjunctiva were evaluated
separately, with a total maximum score of 6 for each eye. Therefore, the maximum SICCA OSS score was 12 for each eye.

As the application of vital dyes can affect subsequent results, observation followed the recommendations of
SICCA group recommendations: ST1 was performed first, followed by instillation of fluorescein dye (eyedrop) to
determine TBUT and grade corneal fluorescein staining pattern (one minute after instillation). Lissamine green
dye (eyedrop) was applied after 5 minutes, the conjunctiva was quickly examined to grade conjunctival staining
pattern (Figure 1).%
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Schirmer test 1 (Smin)

Fluorescein instillation

TBUT

Cornea staining (1 min)

Lissamine green instillation

Conjunctival staining

Figure | Flowchart of ocular surface evaluation.
Abbreviation: TBUT, tear break-up time.

Clinical Ophthalmology 2023:17

https:

Dove:

995


https://www.dovepress.com
https://www.dovepress.com

Loureiro et al Dove

The Ocular Surface Disease Index (OSDI) 12-item questionnaire was given to assess dry eye symptoms and their
impact on vision-related function. The 12 items of OSDI were graded on a scale of 0 to 4 and the total score was given on
a scale of 0 to 100 with higher scores representing higher disability. According to OSDI score, patients were classified as:
normal, 0—12; mild, 13-22; moderate, 23—32 and severe dry eye, 33-100.27%

SS-DED was considered when OSDI was greater than 12 and associated with tear film disturbance (ST1 < Smm/
5min, TBUT < 10 seconds or any positive staining).*® Controls had OSDI < 12, ST1 > 5mm/5min, TBUT > 10 seconds
and no ocular surface positive staining.

A randomization 1:1 scheme was applied to select only one eye of each patient. Qualitative variables are
presented as numbers and percentages. Quantitative variables are presented as mean and standard deviation.
Wilcoxon tests were performed to compare the results between groups at the baseline to compare the results
before and after treatment in DED group. Correlations between average epithelial thickness and tear film
measurements were assessed using the Pearson correlation test. Statistical significance was set at p<0.05 (two-
sided). IBM®™ SPSS® Statistics v23.0 was used.

Results

This study included 20 women with SS-DED and 20 female controls. The mean age did not differ between groups [57.2
+ 6.3 (50-62) vs 56.3 + 4.8 (52-61)] years, p=0.66). Fourteen patients in the SS-DED group (70%) were on hydroxy-
chloroquine treatment with a mean daily dose of 257.1+ 85.2 mg (200400 mg). All eyes included had LLT > 90 nm to
exclude evaporative dry eye disease, which may also occur in Sjogren Syndrome, and evaluate only aqueous deficient dry
eyes.

The ocular surface evaluation results at baseline are presented in Table 1. There were no statistically significant
differences for UDVA (p=0.89), CDVA (p=0.89), SE (p=0.89) or LLT (p=0.42) between groups. The ST1, TBUT, and
TMH (p<0.01) were lower in SS-DED than controls. SICCA OSS (5.8 + 1.2 vs 0.8 + 0.3, p<0.01) and OSDI score (70.8
+9.3% vs 9.1 £ 3.1%, p<0.01) were higher in SS-DED group.

The baseline epithelial thickness profiles are presented in Figures 2 for the SS-DED group and in Figure 3 for
the control group. The differences between groups are shown in Table 2. There was no statistically significant
difference for central epithelial thickness (46.9 £ 1.1um vs 47.9 £ 1.2um, p=0.33). Epithelial thickness was
thinner for the SS-DED group in the superior, supero-temporal and supero-nasal octants in both paracentral
(p<0.01) and midperipheral areas (p<0.01). Unlike these areas, there were no statistically significant differences

Table | Baseline Evaluation

SS-DED Controls p-value
UDVA 0.5 + 0.2 (0.4-0.8) 0.5 + 0.1 (0.4-0.7) 0.89
CDVA 0.8 +0.2 (0.8-1) 0.8 +0.2 (0.8-1) 0.89
SE 0.79 = 1.8 (0.6-1.1) 0.8 + 1.2 (0.5-1.0) 0.89
STI (mm) 11.2 £2.2 (8-14) 14.1 £ 3.1 (12-19) < 0.0l
TBUT (s) 9.1 £ 1.8 (6-13) 132 % 1.1 (11-15) < 0.0l
TMH (um) 211.1 + 68.4 (154-242) 217.2 + 60.1 (171-253) < 0.0l
LLT (um) 102.3 £ 13.1 (95-121) 102.4 = 12.1 (98-124) 0.42
SICCA-OSS 58+ 1.2 (4-8) 0.8 + 0.3 (0-2) < 0.0l
osDI 70.8 £ 9.3 (52.1-87.5) 9+ 3 (0-125) < 0.0l

Note: Results with statistical significance are highlighted in bold.

Abbreviations: SS-DED, Sjogren Syndrome dry eye disease group; CDVA, Corrected distance visual
acuity; UDVA, Uncorrected distance visual acuity; SE, Spherical equivalent; ST, Schirmer test |; TBUT,
Tear break-up time; TMH, Tear meniscus height; LLT, Lipid layer thickness; SICCA-OSS, Sjogren’s
International Collaborative Clinical Alliance Ocular Staining Score; OSDI, Ocular Surface Disease Index.
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(462-4935)

Figure 2 Epithelial thickness profile in SS-DED group at the baseline (um).
Abbreviations: SS-DED, Sjogren Syndrome dry eye disease; S, Superior; T, Temporal; I, Inferior; N, Nasal.

468
(45.2-48.5)

for epithelial thickness in the other octants. The difference between inferior and superior octants (I-S) was higher
in the SS-DED group (5.6 + 0.8 pum vs 3.6 = 0.4um, p<0.01). Similarly, the difference between the minimum and
maximum epithelial thickness (Min-Max) was also greater in the SS-DED group (—10.1 vs =7.4, p < 0.01).

The comparison between baseline and after treatment evaluations in the SS-DED group are presented in
Table 3. There was no statistically significant change in UDVA (p=0.89), CDVA (p=0.89), SE (p=0.21) and LLT
(p=0.42). However, there was a statistically significant improvement in ST1 (p<0.01), TBUT (p<0.01), TMH
(p=0.04) and SICCA OSS (p<0.01). The OSDI score was improved for all patients, with a mean score of 46.9 +
2.2% (p < 0.01) after treatment, which represented a decrease of 66% on average. The epithelial thickness profile
after treatment is presented in Figure 4. In the SS-DED group, the epithelium thickened after treatment in the
superior, supero-nasal, and supero-temporal octants in both paracentral and midperipheral areas (p<0.01)
(Table 4). There were no statistically significant differences in other areas, including in central epithelial thickness
(Figure 5). The I-S difference decreased to 3.9 + 0.6 pum (p=0.02) and Min-Max to —8.6 um (p=0.04).

The comparison between controls and SS-DED after treatment is presented in Table 5. There was no statistically
significant difference for UDVA (p=0.89), CDVA (p=0.89), ST1 (p=0.21), TBUT (p=0.66) or LLT (p=0.42). Although
the SICCA-OSS and OSDI had increased in the SS-DED group, these did not reach the level in the control group
(p<0.01). The epithelial thickness was thinner in the SS-DED group for the midperipheral superior and supero-nasal
areas (p=0.03 and p=0.02, respectively).

Our study did not find any correlations between epithelial thickness, ST1 (p=0.52, p=0.33), TMH (p=0.66, p=0.42),
SICCA score (p=0.12, p=0.33) and OSDI score (p=0.42, p=0.27) at baseline and after treatment, respectively (Table 6).
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Figure 3 Epithelial thickness profile in control group at the baseline (um).
Abbreviations: S, Superior; T, Temporal; |, Inferior; N, Nasal.

Discussion
The present study shows that corneal epithelial thickness is thinner in Sjogren syndrome associated dry eye disease, in
superior area. Additionally, four-week treatment with artificial tears thickened the superior epithelium and improved tear
film measurements.

The role of the corneal epithelium has been recognized in many ocular diseases due to the incremental studies
regarding epithelial thickness. The central 3-mm diameter area epithelial thickness was first measured in vivo by

Table 2 Epithelial Thickness
Comparison Between SS-DED
Groups and Controls at the

Baseline
p-value
CET 0.42
Paracentral
S <0.01
ST <0.01
T 0.51
IT 0.44
I 0.42
IN 0.77
N 0.66
SN <0.01
(Continued)
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Table 2 (Continued).

p-value
Midperipheral
S <0.01
ST <0.01
T 0.89
IT 0.71
| 0.89
IN 0.8l
N 0.8l
SN <0.01

Note: Results with statistical significance are
highlighted in bold.

Abbreviations: SS-DED, Sjogren Syndrome
dry eye disease group; CET, Central Epithelial
Thickness; S: Superior; ST, Superotemporal; T,
Temporal; IT, Inferotemporal; |, Inferior; IN,
Inferonasal; N, Nasal; SN, Superonasal.

Table 3 After Treatment Evaluation in SS-DED Group and
Comparison with Baseline

UDVA 0.5 + 0.2 (0.4-0.8) 0.89
CDVA 0.8 +02 (0.8-1) 0.89
SE 0.66 * 1.4 (0-2.5) 021
STI (mm) 133 2.1 (11-17) <0.01
TBUT (s) 132 % 1.6 (11-15) <0.01
TMH (um) 216.6 + 63.4 (163-235) <0.01
LLT (um) 101.9 + 12.6 (98-126) 021
SICCA-OSS 2.8 + 1.0 (2-5) <0.01
osDI 469 + 102 (27.8-53.6) <0.01

Note: Results with statistical significance are highlighted in bold.
Abbreviations: SS-DED, Sjogren Syndrome dry eye disease group; CDVA,
Corrected distance visual acuity; UDVA, Uncorrected distance visual acuity;
SE, Spherical equivalent; STI, Schirmer test |; TBUT, Tear break-up time;
TMH, Tear meniscus height; LLT, Lipid layer thickness; SICCA-OSS, Sjogren’s
International Collaborative Clinical Alliance Ocular Staining Score; OSDI, Ocular
Surface Disease Index.

Reinstein et al in 1994 using very high frequency (VHF) digital ultrasound.?” The area of epithelial thickness increased to
10-mm and VHF digital ultrasound became the gold standard for epithelial thickness measurement due to its high
precision, repeatability, and lack of tear film influence.”®

Anterior segment optical coherence tomography (AS-OCT) provides high-resolution images of the corneal epithelium
with no need of contact or anesthesia. With a reproducibility of 0.93 and repeatability of 0.8, AS-OCT has been widely used
to study epithelial thickness as it does not require the normal saline standoff medium employed with VHF digital ultrasound
scanning.®® However, AS-OCT measurements include the tear film which can vary between 2 and 7 um from blink to
blink and diurnally.”* ' The gold standard for epithelial measurement is VHF digital ultrasound as it is performed under
normal saline immersion and therefore, epithelial measurements are made from front to back of the epithelium itself.**~>
Therefore, the epithelial thickness would be expected to be thicker on OCT. However, studies comparing the two modalities
have found these to be similar. For example, Reinstein et al** reported a mean central epithelial thickness of 54 um with
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Figure 4 Epithelial thickness profile in SS-DED group after treatment (um).
Abbreviations: SS-DED, Sjogren Syndrome dry eye disease; S, Superior; T, Temporal; |, Inferior; N, Nasal.

VHF digital ultrasound compared to 53 pm with RTVue OCT (Optovue, Fremont, CA). They suggest that this may be due
to an arbitrary adjustment of the refractive index used in the OCT device to calibrate the mean epithelial thickness to match
that of VHF digital ultrasound. In comparison, the central epithelial thickness found in the present study using Cirrus OCT
was 48 um. This tendency for the Cirrus to measure 5—6 pm thinner than the other devices may be related to the refractive
index being used for the Cirrus measurements, which may need to be recalibrated to bring the measurements into line with
the other devices. The epithelial thickness results reported in the present study should therefore be interpreted in this

Table 4 Epithelial Thickness
Comparison Between Baseline
and After Treatment in SS-DED

Group
p-value
CET 0.33
Paracentral
S <0.01
ST <0.01
T 0.42
IT 0.71
I 0.89
IN 0.89
N 0.71
SN <0.01
(Continued)
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Table 4 (Continued).

p-value
Midperipheral

S <0.01
ST <0.01
T 0.42

IT 0.71

| 0.89
IN 0.66
N 0.89
SN <0.01

Note: Results with statistical significance are
highlighted in bold.

Abbreviations: SS-DED, Sjogren Syndrome
dry eye disease group; CET, Central Epithelial
Thickness; S: Superior; ST, Superotemporal; T,
Temporal; IT, Inferotemporal; |, Inferior; IN,
Inferonasal; N, Nasal; SN, Superonasal.

context. Rather than considering the absolute thickness values as accurate, the main findings of this study are related to the
change in epithelial thickness observed after treatment and in comparison, to controls, so these differences can be translated
to apply to epithelial measurements with other devices.

Figure 5 Epithelial thickness difference between after treatment and baseline in SS-DED group (um). An asterisk denotes significant difference in mean epithelial thickness
between after treatment and baseline evaluation.
Abbreviations: SS-DED, Sjégren Syndrome dry eye disease; S, Superior; T, Temporal; |, Inferior; N, Nasal.
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Table 5 Comparison Between SS-DED Group After Treatment and Controls

SS-DED Controls p-value
UDVA 0.5 £ 0.2 (0.4-0.8) 0.5 £ 0.1 (0.4-0.7) 0.89
CDVA 0.8 £0.2 (0.8-1) 0.8 £0.2 (0.8-1) 0.89
SE 0.66 £ 1.4 (0-2.5) 0.8 £ 1.2 (0.5-1.0) 0.66
STI (mm) 133 2.1 (11-17) 14.1 £ 3.1 (12-19) 0.21
TBUT (s) 132 £ 1.6 (11-15) 132 £ 1.1 (11-15) 0.66
TMH (um) 216.6 £ 63.4 (163-235) 217.2 £ 60.1 (171-253) 0.21
LLT (um) 101.9 £ 12.6 (98-126) 102.4 £ 12.1 (98-124) 0.42
SICCA-OSS 2.8 + 1.0 (2-5) 0.8 £ 0.3 (0-2) 0.02
OSDI 46.9 £ 10.2 (27.8-53.6) 9 +3(0-125) < 0.0l

Note: Results with statistical significance are highlighted in bold.
Abbreviations: SS-DED, Sjégren Syndrome dry eye disease group; CDVA, Corrected distance visual acuity;
UDVA, Uncorrected distance visual acuity; SE, Spherical equivalent; ST1, Schirmer test |; TBUT: Tear break-up
time; TMH, Tear meniscus height; LLT, Lipid layer thickness; SICCA-OSS, Sjogren’s International Collaborative
Clinical Alliance Ocular Staining Score; OSDI, Ocular Surface Disease Index.

Table 6 Epithelial Thickness
Comparison Between Controls at

Baseline SS-DED  After
Treatment

CET 0.66

Paracentral
S 0.51
ST 0.15
T 0.51
IT 0.33
| 0.21
IN 0.89
N 0.33
SN 0.21

Midperipheral
S 0.03
ST 0.51
T 0.71
IT 0.89
| 0.89
IN 0.33
N 0.71
SN 0.02

Note: Results with statistical significance are

highlighted in bold.

Abbreviations: SS-DED, Sjogren Syndrome
dry eye disease group; CET, Central Epithelial
Thickness; S, Superior; ST, Superotemporal; T,
Temporal; IT, Inferotemporal; |, Inferior; IN,
Inferonasal; N, Nasal; SN, Superonasal.
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At baseline, ST1 and TMH were lower in SS-DED eyes than controls, demonstrating tear film production impairment.
On the other hand, SICCA OSS was higher. As SICCA OSS represents damaged ocular surface cells, these results clearly
illustrate the epithelial damage that occurs in untreated SS-DED. This epithelial damage seemed to be more pronounced
in the superior meridian of the cornea as ET was lower in superior quadrants, which agrees with the study by Cui et al,
although this was in non-autoimmune associated dry eyes.'® Although other studies have shown that superior epithelium
is thinner than inferior epithelium in normal eyes, we have demonstrated it is even thinner in SS-DED (4.0 vs 5.6 pm),?®
and the difference between both meridians is more pronounced than in healthy corneas.®> Many theories have been posed
to explain these differences: lower epithelial thickness in the superior cornea of normal eyes seems to result from the
larger force applied superiorly, while blinking.*® In dry eye disease, where the ocular surface is damaged and blinking
rate is higher, the superior epithelium may be affected even more from higher mechanical friction forces, further thinning
the epithelium.’” However, previous studies did not aim to evaluate epithelial thickness in auto-immune associated dry
eyes where there is a more pronounced inflammatory process, and the mechanism regarding epithelial thinning may not
be the same.

Previous reports in DED are scarce and still do not fully elucidate the natural history of DED regarding central
corneal epithelial thickness. There are some possible explanations for epithelial thicknesses variations in DED: higher
epithelial thickness due to edema from increased osmolarity and inflammation or lower epithelial thickness due to either
epithelial dehydration or thinner tear film, which is not separated from epithelium by OCT. Fabiani et al showed in a rat
model that central epithelium become thicker 7 days after the establishment of dry eye disease as a result of the
desiccating stress that increases epithelial turnover and thickness.*® Kanellopoulos and Asimellis'®* using AS-OCT
system RTVue-100 reported higher central epithelial thickness, whereas Erdélyi et al (34) reported lower CET in dry eyes
patients using confocal microscopy. The present study did not show any difference in central epithelial thickness between
SS-DED and controls, which is in agreement with Francoz et al, Cui et al and Tuominen et al.””'®*® One explanation
might be that the peripheral cornea is more prone to damage because mechanical forces are more pronounced in the
periphery.” Moreover, the central cornea is far away from the limbus and benefits from immune privilege. This is
remarkable in SS-DED, in which release of inflammatory mediators at the limbus or by the lacrimal gland may further
induce changes in peripheral epithelial thickness.

After four weeks of treatment, ST1, TBUT, TMH, and SICCA OSS improved, suggesting that treatment with artificial
tears can reestablish tear film homeostasis. Along with this, the corneal epithelium became thickened in the superior
zone. These results may be interconnected with tear film improvements which provide ocular surface protection against
increased blinking and higher levels of hydration, in particular in the superior epithelium, with lower epithelial damage
and consequently lower SICCA OSS. On the other hand, the higher epithelial thickness may also represent the increase in
tear film thickness which is not separated from epithelium by AS-OCT. OSDI score also improved after treatment, and
this may be in part because of ocular surface parameters improvement but also due to epithelial recovering in thickness
and integrity.

The present study also showed that in SS-DED eyes, ST1, TBUT, and TMH after treatment approximated to those of
controls at baseline. Moreover, there was a difference in epithelial thickness only for the superior and supero-nasal
octants. We postulate that treatment with artificial tears, although not fully, seems to control the inflammatory process
behind SS-DED partially. The studies regarding the effect of artificial tears in tear film stability evaluation in aqueous
deficient dry eyes are scarce. Molina-Solana et al have reported improvement in TBUT, corneal staining, and OSDI score
after treatment with 0.4% hyaluronic acid.*' However, they only included idiopathic aqueous deficient dry eyes, which
theoretically have a less pronounced inflammatory process.

Although Cui et al reported a correlation between ST1 and superior epithelial thickness, most studies did not find
correlations between epithelial thickness and clinical measures.'® In this study, no correlations were found. In fact, ST1
has shown to be highly variable and not reliable due to the unknown contribution of reflex tearing.**

Limitations of our study are the small sample, the short-term of the observations, the fact that we only included women,
and we did not include patients with SS without DED. However, SS affects women in a ratio of 9:1, and up to 90% of SS
patients have DED.**** Despite this, we believe our results clearly illustrate the benefits of treatment in SS-DED. Although
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it was not the scope of our study, the epithelial thickness should be evaluated as relevant to understand the role of corneal
epithelium in SS-associated dry eye as a possible biomarker of eye severity in SS-DED.

Conclusion
The present study shows that the superior corneal epithelium may be more prone to be thinned and damaged in Sjogren
Syndrome associated dry eye disease. Treatment with preservative-free 1mg/ImL sodium hyaluronate (4 times a day for
4 weeks) improved ST1, TMH, TBUT, SICCA-OSS, and OSDI score, and superior epithelial thickness.

Our results seem to illustrate the morphological changes in the corneal epithelium in naive SS dry eyes, and further
investigation could recognize epithelial changes as a clinical biomarker of dry eye disease in SS.
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