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ABSTRACT

Purpose: The purpose of this study is to look into the relationship between tear film osmolarity, tear
crystallization, and corneal esthesiometry findings in Sjégren’s syndrome patients. Methods: This cross-
sectional observational study included 43 eyes from patients with a confirmed diagnosis of Sjogren’s
syndrome. Tear osmolarity was measured with an iPen osmometer, tear crystallization was graded using
Roland’s classification, and corneal sensitivity was evaluated with a Cochet-Bonnet aesthesiometer.
Ocular symptoms were assessed using the Ocular Surface Disease Index questionnaire. Patients who
had undergone keratoplasty or worn contact lenses within 4 hours of testing were excluded. Results:
The cohort’s mean tear osmolarity was 292.5+15.0 mOsm/L (median: 293 mOsm/L, IQR: 17.5). There was
no significant difference between patients with primary Sjégren’s syndrome (mean: 289.4 mOsm/L) and
those with secondary Sjégren’s syndrome (mean: 294.5 mOsm/L; p=0.413). Tear crystallization patterns
were more severe in patients with primary Sjégren’s syndrome (mean: 3.25, median: 3.5, IQR: 1.25) than
in those with secondary Sjégren’s syndrome (mean: 3.19, median: 3.0, IQR: 1.0), though the difference
was notstatistically significant (p=0.87). Corneal sensitivity was reduced by 3.541.7 mm (median: 4.0 mm,
IQR: 2.13). Tear crystallization has a significant negative correlation with corneal sensitivity (r=-0.313,
p=0.041), suggesting that poorer tear quality leads to decreased corneal sensitivity. Conclusion: Tear
crystallization patterns and corneal sensitivity were found to be significantly correlated in Sjogren’s

syndrome patients. The findings also indicate that systemic medication use may affect tear film quality.
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INTRODUCTION

Sjégren’s syndrome (SS) is a chronic autoimmune disorder
that primarily affects the exocrine glands, specifically the
lacrimal and salivary glands®, causing the classic symptoms
of dry eye disease (DED) and xerostomia. Several ques-
tionnaires and diagnostic tests have been developed to aid
in the evaluation of DED; however, no single test has been
widely accepted as the gold standard for diagnosis(.

The American College of Rheumatology and the European
League Against Rheumatism developed diagnostic criteria
for dry eye that include Schirmer’s test (<5 mm in 5 min) and/
or fluorescein staining (van Bijsterveld score >4)®.

In 2017, the Tear Film and Ocular Surface Society Dry Eye
Workshop Il (TFOS DEWS I1) defined dry eye as a multi-
factorial disease of the ocular surface characterized by loss of
tear-film homeostasis and accompanied by ocular symptoms.
It is associated with tear film instability, hyperosmolarity,
ocular surface inflammation and damage, and neurosensory
abnormalitiest™.

To diagnose DED, the most commonly used tests are tear
film break-up time, corneal staining with fluorescein dye,
conjunctival staining with lissamine green or rose bengal
dyes, and the Schirmer test. Other tests, such as evaluation
of tear osmolarity (TO), tear crystallization (TC), and corneal
aesthesiometry (CAE), are also used. However, there is still
no consensus on which ones should be used. Furthermore,
some tests, such as staining scores, can affect classification
due to observer bias and variability when performed by
different examiners "7,

The primary cause of dry eye has been identified as
tear film hyperosmolarity, which can cause inflammation
and ocular surface damage. The FDA has approved new
portable devices that are innocuous and pose no risk to
patients. These devices allow measurement of tear TO in
very small volumes and can be performed during a routine
appointment. Several studies have found that increased tear
osmolarity and/or measurement variability indicate dry eye
due to tear film instability. According to some studies, this
measurement has high sensitivity and specificity, making it
useful for diagnosing and monitoring patients with DED7).

The ferning test, also called the TC test, assesses the
quality of the tear film. It entails observing the TC patterns
that appear when a small sample of the film is removed from
the bottom of the patient’s eye bag®.

A Cochet-Bonnet aesthesiometer was used for the CAE
test. In this test, a thin nylon filament of varying lengths
is placed on the center of the cornea, and the patient is
asked to indicate whether they feel a sensation of touch as
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the filament is shortened. It is a quick test used to assess
corneal tactile sensitivity when there is a possibility of
decreased sensitivity. Values <6 indicate that the test is
below normale2v,

The Ocular Surface Disease Index is a reliable and vali-
dated questionnaire that is widely used in clinical and
research settings. It is part of the TFOS DEWS diagnostic
guidelines for DED. The OSDI assesses DED severity by
measuring the frequency and severity of symptoms, as well
as their impact on daily activities. It effectively comple-
ments clinical assessments by assisting in correlating
subjective symptoms with objective findings®.

This study investigated the relationships among TO,
TC, and CAE in SS patients. It also aimed to link systemic
medication and the OSDI questionnaire to the previously
mentioned tests.

METHODS

Study design

The Research Ethics Committee of Santa Casa de Mi-
sericérdia de Sdo Paulo (42220820.0.0000.5479) approved
this cross-sectional, observational, and descriptive case
series study in accordance with the principles of the
Declaration of Helsinki. All participants provided informed
consent before being included in the study.

The study included patients aged 18 and older who had
been diagnosed with SS using the American College of
Rheumatology criteria. As an observational case series, the
study only included patients with a confirmed diagnosis of
SS to assess correlations within this population rather than
comparing them to a healthy control group.

Inclusion and exclusion criteria

Patients were eligible if they met the diagnostic criteria
for SS and were at least 18 yr old. Exclusion criteria included
DED caused by other factors, contact lenses, glaucoma, or
the inability to provide consent.

Following the evaluation, we excluded the only male
patient to avoid the effect of gender on osmolarity and
crystallization.

Randomization

Because of the study’s case series design, no rando-
mization was used to select patients. To capture the clinical
spectrum of the disease, all patients with a confirmed
diagnosis of SS who met the inclusion criteria during the
study period were included in the analysis.
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Data collection and ophthalmic examinations

The information gathered included age, gender, medical
history, clinical diagnosis, and duration of SS. The hormonal
status of female participants was not specifically recorded,
and the duration of SS was determined retrospectively from
medical records. To avoid influencing the results, patients
should not use eye drops for at least 4 h before the test.

All patients underwent a thorough ophthalmological
examination, which included assessments of the tear film
and corneal sensitivity, as well as a subjective evaluation of
ocular surface symptoms using the OSDI.

The physicians who evaluated the dry eye tests were
not aware of the ophthalmic examination or the patient’s
diagnosis.

Exam description

TO: was measured with the iPen osmometer. A 50-nL tear
sample was collected from both eyes’ conjunctival fornices,
and the device measured its electrical impedance. Results
>300 mOsm/L indicated hyperosmolarity.

TC: The tear film’s quality was evaluated using the ferning
test. Tear samples were collected from the conjunctival
fornix using a capillary glass tube, transferred to a glass
slide, dried at room temperature for 10 min, and examined
under a polarized light microscope. Roland’s model was used
to classify crystallization patterns into four stages. Stage |
consists of multi-branched crystals with no gaps between
branches, indicating optimal tear quality; Stage Il has
shorter branches with moderate gaps, indicating mild tear
film impairment; Stage Ill has sparse branching with large
gaps, indicating significant tear instability; and Stage IV has
lumped crystals with minimal branching, indicating severe
tear dysfunction. In this study, patterns corresponding to
Stages Il and 1V indicated impaired tear film quality, which
is consistent with the tear instability seen in advanced
Sjoégren’s syndrome.

Corneal sensitivity was assessed using the Cochet-
Bonnet aesthesiometer. The nylon filament was applied to
the central cornea, and the length was reduced in 0.5-mm
increments until the patient felt a tactile sensation. Values
<6.0 mm were considered abnormal, indicating reduced
corneal sensitivity, a common finding in SS patients.

A trained examiner administered the OSDI questionnaire
to assess the severity of dry eye symptoms and correlate
subjective responses with objective findings such as TO
and corneal sensitivity. The test is a 12-item tool that has
been validated and is widely used in clinical and research
settings. It has a score range of 0 to 100. All examinations

were performed in the morning, and patients were told not
to use eye drops on the day of the test to avoid interfering
with the results.

Statistical analysis

Statistical analyses were carried out using SPSS V26,
Minitab 21.2, and Microsoft Excel 2010. P-values <0.05
were considered significant. The Kolmogorov-Smirnov
test revealed that the data were not normally distributed,
necessitating the use of non-parametric tests for reliable
analysis.

The Mann-Whitney U test was used to compare patients
with primary and secondary Sjégren’s syndrome, as well as
those who used and did not use systemic medications. The
relationships between TO, TC, corneal sensitivity, and OSDI
scores were examined using Spearman’s rank correlation
coefficient, with negative coefficients indicating that worse
crystallization was associated with decreased sensitivity.

RESULTS

Sample distribution

The study involved 22 patients (43 eyes) diagnosed with
SS, with a mean age of 55.8 = 5.0 yr (range: 48-63). The
majority of participants were female (95.5%, n=21); the single
male patient was excluded to avoid potential gender bias in
osmolarity and crystallization. This female predominance is
consistent with the established epidemiology of SS, which
affects women in more than 90% of cases.

The cohort comprised 61.9% (n=13) with secondary SS
and 38.1% (n=8) with primary SS. There was no statistically
significant difference in the distribution of primary and
secondary SS (p=0.070). The average disease duration was
not recorded, which limits the interpretation of the results
(Table 1).

Ophthalmological examination

All patients underwent a thorough ophthalmological
examination, which included slit-lamp biomicroscopy, tear
film evaluation, and corneal sensitivity testing with a Cochet-
Bonnet esthesiometer. The OSDI was used to determine
the severity of dry eye symptoms, with scores divided into
four categories: normal, mild, moderate, and severe. In this
study, 27.28% of the patients had normal OSDI scores, 22.72%
had mild impairment, 45.45% had moderate impairment, and
4.55% had significant impairment.

Arg Bras Oftalmol. 2026;89(4):e2024-0409
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Tear osmolarity

TO was measured with an iPen osmometer, yielding
values of 280 and 320 mOsm/L. Interestingly, osmolarity
levels remained within the normal range (mean: 292.5 *
15.0 mOsm/L), despite expectations for DED associated
with SS. Tables 2 and 3 show that there was no significant
correlation between tear osmolarity and TC (r=-0.130,
p=0.408) or corneal sensitivity (r=-0.228, p=0.142).

Tear crystallization

TC was evaluated using the Roland classification system,
which identifies four crystallization patterns. Most patients
showed signs of poor tear film quality (Stages IIl and IV).
A statistically significant negative correlation was found
between TC and corneal sensitivity (r=-0.313, p=0.041),
indicating that as tear crystallization progressed, corneal
sensitivity decreased (Table 2).

Patient characteristics and medication use.

Category n Percentage (%) p-value
Primary SS 8 36.4 0.07
Secondary SS 14 63.6

Female 21 95.5 <0.001
Male 1 4.5

No Meds 5 22.7

Systemic Meds 17 77-3 <0.001
Prednisone 1 64.7 Ref.
Methotrexate 5 29.4 0.039
Hydroxychloroquine 4 23.5 0.016
Rituximab 3 17.6 0.005
Azathioprine 2 1.8 0.001
Mycophenolate 1 5.9 <0.001
Pilocarpine 1 5.9 <0.001

Correlation of age, osmolarity, crystallization, and sensitivity.

Corneal sensitivity

Corneal sensitivity was measured using a Cochet-Bonnet
esthesiometer, and values <6.0 mm indicated reduced
sensitivity. The average corneal sensitivity in this cohort
was 3.5 = 1.7 mm, with significant differences between
patients with primary and secondary SS. However, no
statistically significant differences were found between
primary and secondary SS in terms of sensitivity (p=0.156) or
crystallization (p=0.787; Table 2).

Systemic medication use

Patients frequently used systemic medications, with
72.72% (n=16) using at least one topical ocular medication
to manage their dry eyes. All patients used preservative-
free artificial tears made of sodium hyaluronate or sodium
carmellose five to eight times daily, and 18.75% (n=3)
were taking topical immunomodulators like cyclosporine.
Prednisone was the most commonly used systemic
medication among the 17 patients (64.7%, n=11), followed
by methotrexate (29.4%, n=5). There was a significant
difference in TC between patients who took systemic
medications and those who did not. Table 1shows that those
taking systemic medications had worse tear crystallization
patterns (mean=3.41) than those not on systemic treatment
(mean=2.44; p=0.002). However, these two groups showed
no significant difference in osmolarity or corneal sensitivity.

TC had a significant negative correlation with corneal
sensitivity (r=-0.313, p=0.041), while tear osmolarity levels
were normal (mean: 292.5 + 15.0 mOsm/L). There was
no significant correlation between osmolarity and other
parameters. Patients with more severe TC patterns had
reduced corneal sensitivity.

Variables Age, Correlation (r)  Age, p-value  Osmolarity, Correlation (r)  Osmolarity, p value  Crystallization, Correlation (r)  Crystallization, p-value
Osmolarity 0.097 0.538
Crystallization 0.167 0.284 -0.13 0.408
Sensitivity -0.231 0.136 -0.228 0.142 -0.313 0.041
Diagnostic comparison for osmolarity, crystallization, and sensitivity.

Osmolarity, Osmolarity, Osmolarity,  Crystallization ~ Crystallization,  Crystallization, Sensitivity, Sensitivity, e
S5 Type Mean Median SD Mean Median SD Mean Median Sensitivity, SD
Primary SS 289.4 286.5 12.2 3.25 3.5 0.86 4.03 4.5 1.56
Secondary SS 294.5 293.0 17.8 3.19 3.0 0.83 2.94 4.0 2.3
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DISCUSSION

DED is frequently diagnosed based on ocular symptoms
and clinical signs observed during ophthalmic examinations,
which can serve as an early indicator of SS. Although
DED is typically symptomatic, studies have shown that
more than 40% of people with objective evidence of the
disease are asymptomatic, highlighting DED diagnostic
complexities®™7). OSDI tools are critical for bridging this
gap because they capture subjective symptom variability
and complement objective clinical assessments. Our study
investigated the relationships among TO, TC, CAE, and
systemic medication use in SS patients to understand ocular
surface dysfunction in this population better.

Our cohort’s TO levels were within the normal range
(mean: 292.5 * 15.0 mOsm/L), unlike previous studies that
linked elevated TO to DED in SS. For example, Tomlinson et
al. and Na et al. found significantly higher TO in patients with
SS, frequently exceeding 316 mOsm/L, which is associated
with severe tear film instability. This disparity could be
explained by our participants’ frequent use of systemic
immunosuppressive medications, which could stabilize tear
film homeostasis and reduce hyperosmolarity, as previously
suggested by Moscovici et al. Furthermore, differences in
methodologies, particularly the use of the iPen osmometer
in our study, may contribute to variability, as its sensitivity
for detecting subtle changes in osmolarity differs from that
of other validated devices. Furthermore, methodological
differences may contribute to variability, particularly the use
of the iPen osmometer, which, despite being FDA-approved,
portable, and requiring minimal tear volume, has lower
sensitivity than other validated devices. This limitation may
explain some of the normal osmolarity values observed
in our cohort, but its practicality makes it appropriate for
routine clinical use®2°2,

While TO showed no significant correlation with other
parameters in our study, TC emerged as a reliable indicator
of tear film instability, with advanced TC stages negatively
correlated with CAE (r=-0.313, p=0.041). This finding
reinforces the importance of TC detecting ocular surface
dysfunctioninSS patients. Felberg etal. previously validated
the reproducibility of TC classification in SS patients,
demonstrating that higher TC stages are significantly
associated with ocular surface inflammation and poor
tear quality. These observations align with our results and
further underscore the utility of TC as a diagnostic tool for
DED in SS#2525),

The relationship between TC and CAE observed in our
study supports the hypothesis that chronic inflammation in
SS causes corneal nerve desensitization, reducing nociceptive

signaling and resulting in fewer symptoms despite severe
ocular surface damage. This finding is consistent with
those of Tuominen et al.?¥, who used confocal microscopy
to show altered corneal nerve morphology and reduced
subbasal plexus density in SS patients. Similarly, Luzu et al.
found neuromas and inflammatory infiltrates in the corneal
nerves of SS patients, which likely contribute to reduced
corneal sensitivity and complicate the disease phenotype.
These structural changes explain the significant negative
correlation between TC and CAE observed in our cohort®325),

Although the differences between primary and se-
condary SS were not statistically significant, our results
suggested a trend toward more advanced tear crystalli-
zation and lower corneal sensitivity in primary SS (mean
CAE, 3.2#1.5 mm; 71.4% of patients in TC stages IlI-IV) com-
pared with secondary SS (63.2% in TC stages IlI-IV). Given the
small sample size, these findings should be interpreted
with caution. Cardigos et al. reported similar findings,
observing increased nerve damage and inflammatory
markers in primary SS. The increased use of systemic
immunosuppressive therapy in patients with secondary SS
may help explain this trend, as such treatments can reduce
inflammatory damage and preserve corneal sensitivity(2°27).

Kim et al. found that SS patients had more pronounced
ocular surface signs but fewer symptoms than non-SS
DED patients. Their findings revealed that CAE values were
comparable between the SS and non-SS groups, implying
that corneal sensitivity is affected differently in severe DED
cases. While our findings showed a significant correlation
between TC and CAE, this disparity could be due to differences
in patient populations, disease severity, or methodologies
used. Furthermore, our observation of reduced corneal
sensitivity in patients with advanced TC stages supports the
hypothesis that chronic, prolonged inflammatory stimulation
may desensitize polymodal nociceptors, resulting in fewer
symptoms despite severe tear film abnormalities 32,

TO, while widely recognized as a defining feature of DED,
did not fully capture the complexities of ocular surface
dysfunction in our cohort. However, combining TO with
other diagnostic tools, such as TC and CAE, improves
diagnostic accuracy and provides a more comprehensive
assessment of SS-associated DED. For example, Alves et al.
demonstrated that integrating TO with TBUT and Schirmer’s
test improved sensitivity and specificity, highlighting the
value of multimodal approaches in diagnosing DED. Fenga
et al. also found that TO had greater discriminative capacity
than the OSDI among video display terminal workers,
supporting the use of complementary diagnostic methods to
address the multifaceted nature of DED :2239),
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Clinically, our findings highlight the importance of
combining objective and subjective assessments when
diagnosing DED. The significant correlation between TC and
CAE highlights TC’s usefulness as a reliable indicator of tear
film quality and neurosensory dysfunction in SS patients. The
effect of systemic medications on TC emphasizes the need
for a multidisciplinary approach to managing SS-associated
DED that includes both systemic and ocular treatments.

This study has limitations that should be addressed. The
small, single-center sample size limits the statistical power
of subgroup analyses and their generalizability. The absence
of standardized data on disease duration and hormonal
status could have also influenced tear film parameters and
neurosensory function. Furthermore, the lack of a control
group and the use of the iPen osmometer, which has lower
sensitivity than other devices, could have influenced the
findings. These factors should be considered in future
multicenter studies.

In conclusion, this study found significant correlations
between TC and corneal sensitivity, as well as an effect of
systemic medication use on tear film quality in patients
with SS. While TO showed no significant associations,
crystallization and esthesiometry emerged as the most
reliableindicators of ocular surface dysfunctionin this cohort.
These findings emphasize the importance of combining
multiple diagnostic tools when assessing SS-associated dry
eye, as well as the need for additional research to confirm
these results and refine diagnostic strategies.
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