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ABSTRACT | Purpose: We aimed to compare the thickness
of anterior sclera, corneal layers, and pre-ocular tear film
between patients with primary Sjogren’s syndrome and healthy
individuals. Methods: Fifty-one patients with primary Sjogren’s
syndrome and 41 healthy control participants were recruited
in this cross-sectional and comparative study. The thickness
of the pre-ocular tear film, corneal epithelium, Bowman’s
layer, stroma, Descemet’s membrane, and endothelium were
measured on the corneal apex. Anterior scleral thickness was
measured at distances of T mm and 3 mm from the limbus. The
anterior segment module of spectral-domain optical coherence
tomography was used to measure thicknesses of pre-ocular
tear film, corneal layers, and anterior sclera. Results: Tear
film thickness, Schirmer’s test, and tear break up time values
were significantly lower in the Sjogren’s disease group than in
the healthy controls (p<0.05). The thickness measurements of
corneal layers and sclera were similar between the groups. Tear
film thickness was moderately correlated with the Schirmer’s
test results (r=0.34, p=0.001), but there was no correlation
between the Schirmer’s test results and tear break up time
(r=0.18, p=0.09). Conclusions: Pre-ocular tear film, as
measured by anterior segment optical coherence tomography,
was thinner in patients with primary Sjégren’s syndrome than
in the healthy controls. The thicknesses of corneal layers and
anterior sclera were similar between the groups.
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RESUMO | Propésito: Nosso objetivo foi comparar a espessura
da esclera anterior, camadas da cérnea e do filme lacrimal
pré-ocular entre pacientes com sindrome de Sjégren primaria
e individuos saudéaveis. Métodos: Cinquenta e um pacientes
com sindrome de Sjogren primaria e 41 controles saudaveis
foram recrutados neste estudo comparativo e transversal. A
espessura do filme lacrimal pré-ocular, epitélio corneal, camada
de Bowman, estroma, membrana de Descemet e endotélio foram
medidos no apice corneal. A espessura da esclera anterior foi
medida as distancias de 1 mm e 3 mm do limbo. O médulo
do segmento anterior da tomografia de coeréncia 6ptica de
dominio espectral foi utilizado para mensurar as espessuras
do filme lacrimal pré-ocular, camadas da cdrnea e esclera
anterior. Resultados: A espessura do filme lacrimal, o teste de
Schirmer e os valores do tempo de ruptura do filme lacrimal
foram significativamente menores no grupo com sindrome de
Sjogren do que nos controles saudaveis (p<0,05). As medidas
de espessura das camadas corneais e da esclera foram similares
entre os grupos. A espessura do filme lacrimal foi moderadamente
correlacionada com os resultados do teste de Schirmer (r=0,34,
p=0,001), mas ndo houve correlagdo entre os resultados do teste
de Schirmer e tempo de ruptura (r=0,18, p=0,09). Conclusées:
O filme lacrimal pré-ocular, medido pela tomografia de coeréncia
Optica de segmento anterior, foi mais fino em pacientes com
sindrome de Sjogren primaria do que nos controles saudaveis.
As espessuras das camadas da cérnea e da esclera anterior foram
semelhantes entre os grupos.

Descritores: Esclera; Sindrome de Sjogren-Larsson; Segmento
anterior do olho; Tomografia de coeréncia 6ptica; Estudo
comparativo

INTRODUCTION

Primary Sjégren’s syndrome is a systemic autoimmune
disease of the secretory glands that primarily affects
middle-aged (age range 40-65 years) women. Lacrimal
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glands are involved; these serve as the source of dry-eye
disease. The pathogenesis of primary Sjégren’s syndrome
is not well-understood, but lymphocytic infiltration of
the secretory glands is suspected to play an important
role. In addition to dry-eye disease, primary Sjogren’s
syndrome may cause dryness of the oral cavity and
abnormalities of the cutaneous, musculoskeletal, pul-
monary, and renal systems, as well as disorders in any
organ system®.

Pre-ocular tear film, as well as the cornea and con-
junctiva, are the most affected ocular structures in pa-
tients with primary Sjogren’s syndrome®#. Previous stu-
dies have shown that corneal nerve density is reduced in
patients with primary Sjogren’s syndrome®. Tear osmo-
larity, which is an indicator of dry-eye disease, is higher
in patients with primary Sjogren’s syndrome than in
healthy individuals®. Conjunctival impression cytology
examinations revealed squamous metaplasia, including
goblet cell loss, in patients with Sjogren’s syndrome!.
However, the effects of primary Sjégren’s syndrome on
the thickness of the anterior sclera, corneal layers, and
tear film were not investigated yet.

The present study aimed to evaluate the thickness of
tear film, corneal layers, and anterior sclera in patients
with primary Sjégren’s syndrome via anterior segment
optical coherence tomography (AS-OCT). Additionally,
this study assessed correlations between pre-ocular
tear film thickness and standard dry-eye disease tests
(i.e., Schirmer’s test and tear breakup time (TBUT)). We
hypothesized that tear film thickness, corneal epithelial
thickness, and anterior scleral thickness may be altered
in patients with primary Sjégren’s syndrome due to the
close relationships of these structures with proper func-
tioning of the lacrimal glands. We believe that the pre-
sent paper is the first study on this topic in the literature.

METHODS

Fifty-one eyes of 51 patients with primary Sjogren’s
syndrome and 41 eyes of 41 healthy individuals were
recruited for this cross-sectional study, which was con-
ducted in a tertiary setting upon the approval of the
institutional ethical committee; the study adhered to
the principles of the Declaration of Helsinki, and all the
participants provided informed consent.

Study population

Patients with primary Sjogren’s syndrome were first
evaluated in the Rheumatology Division and, then,
were referred to the Eye Clinic. Patients were selected in

accordance with the 2016 American College of Rheu-
matology/European League Against Rheumatism clas-
sification criteria for primary Sjogren’s syndrome.®
Each patient in the study group had a history of dry-eye
symptoms, but exhibited no other systemic or ocular
diseases. All the participants received a standardized
ophthalmological examination consisting of refractive
error assessment, visual acuity examination with a Snellen
chart, biomicroscopy, air-puff tonometry, Schirmer’s test,
TBUT measurement, retinal examination, and AS-OCT
measurements. Visual acuity values were 20/20 or bet-
ter for all the participants. The exclusion criteria were a
history of ocular surgery, systemic disease other than pri-
mary Sjogren’s syndrome, and any ocular disease except
mild refractive errors. In addition, contact lens wearers,
participants with a refractive error >2 diopters, and those
with intraocular pressure >21 mmHg were excluded.

Ocular examination techniques

Only one eye from each participant was randomly
selected for this analysis. We used the anterior segment
module of the spectral-domain OCT (Spectralis software,
version 6.0, Heidelberg, Germany) to measure tear film
thickness, corneal layer thickness, and anterior scle-
ral thickness. For viewing and analyzing the anterior
segment structures, the Spectralis uses an add-on lens
and software with an 8-16-mm scanning width and
3.9-um axial resolution.

Figure 1 shows an example of the method by which
we measured the thicknesses of the tear film and the
layers of the cornea. Thickness measurements for the
cornea and sclera were performed manually using ca-
liber tools provided within the Spectralis software. We
used a 600-800% zoom to analyze the images and recor-
ded measurements of the pre-ocular tear film and cor-
neal layers at the center of the cornea. Anterior scleral
thickness measurements were performed at T mm and
3 mm from the limbus (Figure 2). The conjunctiva was
eliminated to precisely measure the scleral thickness.
The scleral curve was considered while drawing a mea-
surement line for examinations at 3 mm; to maintain
standardization only the temporal sclera was chosen in
the analysis for all the participants.

All corneal and scleral thickness measurements were
performed by a single investigator (GP), and all exami-
nations were performed by a single experienced OCT
technician. Both OCT examinations and manual measu-
rements were repeated at least three times; the highest
quality images were selected for statistical analysis.
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Schirmer’s test was performed using 35 X 5-mm filter
paper that was curved at one end for placement in the
lower conjunctival sac, following application of a drop
of topical anesthetic. We measured TBUT by applying a
fluorescent drop to the eye; after a few blinks to spread
the fluorescein diffusely over the cornea, we examined
the pre-ocular tear film with the aid of blue light from a
biomicroscope. The appearance of a dark area indicated
a ruptured tear film; the time that had passed since the
last blink was recorded as TBUT.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS,
version 17.0, Chicago, IL, USA) was used for statistical
analysis. “p” values less than 0.05 were considered sta-
tistically significant. An independent-samples t-test was
used to compare the analysis parameters between study
and control groups. Pearson’s correlation analysis was
used to detect associations between tear film and anterior
segment variables. Confidence intervals for the Pearson’s
correlation test were also calculated. The chi-squared test

was used for the analysis of categorical values.

Figure 1. Measurements of pre-ocular tear film thickness and corneal
layer thickness were performed via anterior segment optical coherence
tomography

Conjunctiva

Limbus

Cornea

Anterior
chamber

Figure 2. Anterior scleral thickness was measured by anterior segment
optical coherence tomography.
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RESULTS

The mean age of patients in the Sjogren’s disease
group (study group) was 51.6 + 9.6 (range: 32-72) years,
while the mean age of participants in the control group
was 51.0 £ 6.5 (range: 39-69) years (p=0.74). There
were 49 females and two males in the study group, and
39 females and two males in the control group (p=0.82).
The mean refractive error (spherical equivalent) values of
the study and control groups were -0.01 + 0.95 diopters
(D) and 0.21 £ 0.76 D, respectively (p=0.23). The mean
intraocular pressure values of the study and control
groups were 14.7 + 2.5 mmHg and 14.1 + 2.6 mmHg,
respectively (p=0.27).

Table 1 shows Schirmer’s test, TBUT, and pre-ocular
tear film thickness measurements in the study and con-
trol groups. Tear film thickness, Schirmer’s test, and
TBUT values were significantly lower in the study group
than in the control group (p<0.05). Table 2 demons-
trates the measurements of corneal layer thickness and
scleral thickness in the participants. The corneal layer
thicknesses and scleral thicknesses were similar between
the groups (p>0.05).

Age was not correlated with the corneal layer thickness
or scleral thickness, as well as with the Schirmer’s test
results, tear film thickness, and TBUT, when all of the
participants were included in the analysis (p>0.05).
Tear film thickness was moderately correlated with
Schirmer’s test results (r=0.34, p=0.001; 95% confidence
interval lower bound 0.14, upper bound 0.54), but was

Table 1. Schirmer’s test, tear breakup time (TBUT), and pre-ocular tear film
thickness measurementsinthe Sjégren’s disease (study) and control groups

Study group Control group P value
Tear film thickness (1m) 18.0 + 2.2 19,1 4= 2.3 0.026
Schirmer test (mm) 57 +3.4 11.5 £ 6.1 <0.001
TBUT (seconds) 5.1+2.4 11.0 + 4.5 <0.001

Table 2. Thickness measurements for the corneal layers and sclera of
the Sjogren’s disease (study) and control groups, as determined by
spectral-domain optical coherence tomography

Study group
343+ 2.7

Control group P value

346 £ 3.5 0.67

Epithelium (um)

Bowman layer (um) 142+ 1.6 13.9+ 1.4 0.36

Stroma (um) 457.0 + 41.4 461.4 + 27.2 0.56
Desc. & Endoth. (um) 152+ 1.5 152+ 0.9 0.97
Sclera (um; 1 mm from limbus) 599.1 + 55.2 592.3 + 61.2 0.58
Sclera (um; 3 mm from limbus) 591.2 + 64.3 598.6 + 61.3 0.59

Desc.= Descemet’s membrane; Endoth.= endothelium.
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not correlated with TBUT (r=0.18, p=0.09; 95% confi-
dence interval lower bound -0.03, upper bound 0.39).
Tear film thickness was moderately negatively correla-
ted with corneal epithelial thickness in the study group
(r=-0.37, p=0.007; 95% confidence interval lower
bound -0.62, upper bound -0.10), but not in the control
group (r=-0.13, p=0.41; 95% confidence interval lower
bound -0.52, upper bound 0.22). Scleral thickness mea-
surements were not correlated with any of the analyzed
parameters (p>0.05).

DISCUSSION

The present study’s outcomes showed that pre-ocular
tear film, as measured by AS-OCT, was thinner in the
patients with primary Sjogren’s syndrome than in the
healthy control participants. Because tear film thickness
measurement via AS-OCT is a non-invasive technique, it
has the potential for more frequent use in dry-eye detec-
tion. Notably, Sjogren’s syndrome may affect the cornea
and conjunctiva, in addition to the tear film; moreover,
AS-OCT provides data regarding the cornea, conjunc-
tiva, and sclera. Reduced tear production in patients
with primary Sjogren’s syndrome has been documented
frequently, but decreased pre-ocular tear film thickness
on the corneal apex has not been reported previously.

Similar to previous reports®'?, our study showed
that Schirmer’s test results and TBUT scores were sig-
nificantly lower in the patients with primary Sjogren’s
syndrome than in the healthy control participants. As
expected, the pre-ocular tear film was significantly
thinner in patients with primary Sjogren’s syndrome;
this finding also correlated with the Schirmer’s test
results. Qiu et al. reported that tear meniscus height,
as measured by OCT, was significantly lower in patients
with primary Sjogren’s syndrome than in control parti-
cipants?. Utine et al. found that tear osmolarity values
were higher in patients with primary Sjogren’s syndrome
than in healthy individuals"".

The cornea can be affected by primary Sjogren’s
syndrome322. However, the present study found that
the corneal layer thickness in patients with primary
Sjogren’s syndrome was similar to that in the healthy
control participants. Villani et al. reported that central
corneal thickness was significantly thinner in patients
with primary Sjogren’s syndrome than in healthy indi-
viduals"?. Long et al. found that the corneas of patients
with primary Sjogren’s syndrome tended to show less
stiffness than those of dry-eye patients without primary
Sjogren’s syndrome!"®.

We measured anterior scleral thickness by using
AS-OCT®. Anterior scleral thickness measurements
were similar between patients with primary Sjogren’s
syndrome and healthy control participants in our study.
In normal eyes, the sclera is thicker near the limbus
than at the equator®®. The posterior sclera is thinner
in eyes with greater axial length than in normal eyes®.
Vurgese et al. found that anterior scleral measurements
did not correlate with corneal thickness measurements
in healthy eyes®.

Our study has several limitations. First, additional
tear film examinations were not used, such as tear osmo-
larity, tear meniscus height, and Keratograph 5M. Se-
cond, we did not measure the peripheral cornea. Third,
calculating palpebral fissure height and correlating it
with the parameters studied here might provide more
definitive conclusions, because tear film may be affected
by palpebral fissure height. Finally, the spectral-domain
OCT device used in this study had a 3.9-um axial reso-
lution, which may be insufficient to detect finer details
of ocular structures. Werkmeister et al. found that cen-
tral tear film thickness was approximately 5 pm when
measured with an ultra-high-resolution spectral-domain
OCT (i.e., a 1.2-um axial resolution)®@®.

In conclusion, measurements of corneal layer thickness
and scleral thickness were similar between patients with
primary Sjogren’s syndrome and healthy control parti-
cipants. Tear film thickness, as measured by AS-OCT,
was associated with the Schirmer’s test results, but not
with TBUT. Further studies are needed to investigate the
associations between tear film thickness and tear film
meniscus height, as well as osmolarity, to gain a better
understanding of this topic.
= Cornea/metabolism;
= Cornea/pathology*;
= Dry-eye syndromes/diagnosis*;
= Dry-eye syndromes/etiology;
= Female;
= Follow-Up studies;
= Humans;
= Male;

* Microscopy, confocal/methods*;

= Middle aged;

= Reproducibility of results;

= Retrospective studies;

= Sjogren’s syndrome/complications*;
= Sjogren’s syndrome/diagnosis;
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