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Abstract
Purpose—The Schirmer test is one of two ocular surface tests included in the current
classification criteria for Sjögren’s Syndrome (SS). Tear osmolarity may also be a useful test for
the diagnosis of dry eye disease. The purpose of this study was to examine the relationship
between tear osmolarity, the Schirmer test I, and dry eye symptoms in SS.

Methods—Patients with a diagnosis of SS were assessed for tear osmolarity with the TearLab™
Osmolarity System, tear production with Schirmer testing, symptoms with the Ocular Surface
Disease Index (OSDI), and discomfort associated with each test.

Results—Forty-nine patients with a mean age of 53.7 years and a female (92%) predominance
were enrolled. The majority of patients (86%) were receiving systemic therapy for severe SS.
Higher tear osmolarity was moderately associated with lower scores on the Schirmer test I (ρ =
−0.39, P < 0.01) and with lower scores on the OSDI (ρ = −0.45, P < 0.01). Schirmer test I results
and lower OSDI scores were not correlated significantly (ρ = 0.20, P = 0.17). Tear osmolarity
testing was significantly less painful than Schirmer testing (P < 0.01).

Conclusions—Signs and symptoms of dry eye in SS patients were not strongly correlated. An
unexpected finding was that higher tear osmolarity was associated with lower symptom severity.
Tear osmolarity testing in the clinical setting was feasible and was associated with significantly
less discomfort than Schirmer testing in patients with severe SS.
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Introduction
Sjögren’s syndrome (SS) is a systemic autoimmune disease that affects as many as four
million Americans and is nine times more common in women.1 In this syndrome,
mononuclear cells infiltrate the salivary and lacrimal glands, resulting in severe dry mouth
and dry eye, which significantly impair one’s quality of life.2 In addition, patients can have
systemic features involving the dermis, lungs, liver, kidneys, blood, gastrointestinal tract,
vasculature, and nervous system.2 Keratoconjunctivits sicca (KCS) is the main ocular
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manifestation of SS and thus, many SS patients first seek care from eye care professionals.
Treatment initially focuses on relief of symptomatic dryness with conservative measures
such as artificial tears, punctal plugs, pilocarpine, and topical cyclosporine.3 However, as the
disorder progresses, systemic therapy may become necessary and typically is initiated with
hydroxychloroquine.3 Refractory symptoms that are accompanied by extraglandular
manifestations such as vasculitis or neurologic disease may require systemic
immunosuppressive agents such as glucocorticoids, cyclosporine, methotrexate, and TNF
inhibitors (infliximab).3 Unfortunately, the efficacy of these agents appears to be limited in
some patients and emerging therapies including anti-CD20 agents and T-cell inhibitors are
under investiagtion.3

In 2002, the American-European Consensus Group revised the European classification
criteria for SS. The current consensus for SS diagnosis includes the areas of histopathology,
serology, as well as ocular and oral signs and symptoms.4 The objective ocular signs are
determined using the Schirmer test I (without anesthesia) and ocular surface staining with
vital dyes.

However, the use of the Schirmer test I and ocular surface staining have drawbacks. The
Schirmer test I is commonly used in the diagnosis and evaluation of dry eye. However, the
test strip can be irritating and may induce a great deal of reflex tearing, making the test
inaccurate or difficult to interpret.5 Furthermore, the test does not evaluate the evaporative
features of dry eye.6 Versura et al found that the Schirmer test showed a poor diagnostic
performance in SS.7 Ocular surface staining includes the use of fluorescein and lissamine
green to grade changes in the cornea and conjunctiva. However, there are several different
grading scales for staining that are subjective and the interpretation of which can vary
widely among different graders.

In recent years, some investigators have suggested that tear film osmolarity may be a useful
test for the diagnosis of dry eye.8,9,10 This was described as early as 1970 by Mishima and
colleagues when they compared tear osmolarity in normal subjects and those with KCS.11

But difficulty collecting tears using hand-drawn glass capillary pipettes, excessive reflex
tearing, and delayed osmolarity determination using freezing-point depression have
historically made measuring tear osmolarity cumbersome to perform in clinical practice.
Thus in the past, tear osmolarity measurements were rarely used as a diagnostic criterion for
dry eye in the clinical setting. Recent improvements in technology now allow tear
osmolarity tests to be performed rapidly in the office with minimal discomfort to patients.

The development of a more objective, reliable ocular surface test for the evaluation of KCS
would aid in the diagnosis and monitoring of this disease. Previous studies support the idea
that there are alterations in the tear film of SS patients and various components of the tear
film have been proposed as possible aids in the diagnosis and study of SS, including
lysozome, lactoferrin, and beta2-microglobulin.12,13,14,15 Tear osmolarity may serve as a
useful marker of KCS in this population. The purpose of this study was to determine the
correlation of tear osmolarity with the OSDI and Schirmer I test in patients with severe SS,
and to evaluate the ease of testing as well as the level of patient discomfort associated with
each test.

Materials and Methods
A cross-sectional study design was used. Patients were recruited from the ophthalmology
and rheumatology practices at an academic center. Inclusion criteria were: age over 18 years
with a diagnosis of Sjögren’s syndrome (SS) in accordance with the American-European
Consensus Group criteria (Table 1).4
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Exclusion criteria for the study were: history of any significant ocular surface disease or
ocular inflammation(other than KCS); history of ocular surgery within the past 1 month;
history of contact lens wear in the last 1 week; use of eye medications within 2 hours prior
to measuring tear osmolarity.

The study was approved by the Institutional Review Board and conducted in accordance
with the guidelines for experimental investigation with human subjects. Demographic
information, past medical and ocular history, current medications, and history of dry eye
therapies were recorded. Dry eye symptoms were assessed using the Ocular Surface Disease
Index questionnaire (OSDI; Allergan, Inc, Irvine, CA). The OSDI consists of 12 questions
on symptoms within the past week and yields scores ranging from 0 (least severe) to 100
(most severe). A score of 12 is typically used as a cutoff for normal, 13–22 for mild dry eye,
23–32 for moderate dry eye, and ≥ 33 for severe dry eye.

Tear osmolarity measurements were taken from each eye using the TearLab Osmolarity
System (TearLab, San Diego, CA). Tear samples were collected atraumatically from the
lateral tear meniscus. At the beginning of each day of patient testing, the system was
calibrated according to the manufacturer’s instructions. There have been several studies that
have proposed different cut-off values for dry eye including 316 mOsm/L for moderate-
severe disease.8,16

The Schirmer test I without anesthesia was performed after tear osmolarity measurements
were obtained. Person-level scores for tear osmolarity and Schirmer test were calculated as
the mean of the two eyes unless otherwise noted as the “worse eye” (as defined as the eye
with higher tear osmolarity or lower Schirmer score, even if they came from opposite eyes).
A Schirmer test I value of less than 10mm in 5 minutes is considered abnormal,17 with a
value less than 5mm in 5 minutes considered one of the ocular criteria for Sjogren’s
syndrome.4 After the tear osmolarity and the Schirmer test I, patients were asked to report
pain on a scale of 0 to 5 reflecting discomfort associated with each test (0=no pain and
5=most pain).

Spearman rank-order correlation coefficients were used to examine the relationship between
results from the same test in the two eyes of the same patient, and between results from
different tests administered to the same patient. Wilcoxon’s signed rank test was used to
assess differences between the pain scores associated with the clinical tests, and differences
between clinical test results in medicated versus non-medicated patients. All statistical
computations were performed with SAS 9.2 (SAS Institute, Inc., Cary, NC).

Results
Subject Characteristics

Forty-nine subjects (98 eyes) with severe primary or secondary SS were included in the
study (45 females, 4 males, mean age: 53.7 ± 15.9 years). The majority of patients were
taking at least one systemic therapy, with 59% taking hydroxychloroquine (Table 2).
Subjects with a history of cataract surgery were enrolled at least two years post-operatively
and one subject had a history of laser-assisted in situ keratomileusis surgery (LASIK) six
years prior to participating in the study.

The mean ± SD for the OSDI was 37.5 ± 24.0, for tear osmolarity was 314.5 ± 18.0 mOsm/
L, and for the Schirmer test I was 12.9 ± 9.7 mm. Twenty-one patients (43%) had tear
osmolarity >316 mOsm/L. A Schirmer test I score of less than or equal to 5mm was found in
eleven (21%) subjects, and four subjects (8%) had a score of 2mm or less. Nine subjects
(19%) had moderate dry eye symptoms (OSDI 23–32) and twenty-six subjects (55%) had
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severe dry eye symptoms (OSDI >33). Twenty-six percent of subjects on some form of dry
eye therapy had low Schirmer values (less than or equal to 5mm and seventy-four percent
had an OSDI score greater than 22, compared with fifty-seven percent and seventy-five
percent of untreated patients, respectively. The results from the Schirmer test I were strongly
correlated between a subject’s eyes (ρ = 0.76, P < 0.01). Tear osmolarity had a moderate
positive between eye correlation within subjects (ρ=0.46, P <0.01).

Correlation of tear osmolarity, Schirmer testing, and OSDI
Higher tear osmolarity values were moderately and significantly associated with lower
OSDI scores (ρ = −0.39, P < 0.01, Figure 1) and with lower Schirmer test results (ρ = −0.39,
P < 0.01, Figure 2). Schirmer test I results and OSDI scores were not correlated significantly
(ρ = 0.20, P = 0.17, Figure 3). When the results from the “worse eye” were used, similar
correlations were observed between tear osmolarity and OSDI scores (ρ = −0.45, P < 0.01) ,
tear osmolarity and Schirmer I results (ρ = −0.35, P = 0.01), and Schirmer I results and
OSDI scores (ρ = 0.13, P = 0.38). Tear osmolarity testing was significantly less painful than
the Schirmer test by a median of 2.75 on a pain scale from 0–5 (Wilcoxon test, P < 0.01).

Association With Immunomodulatory Therapy
There was no significant difference in symptoms, tear osmolarity, or Schirmer testing
among patients on hydroxychloroquine compared to those not taking the medication.
Subjects on at least one anti-inflammatory medication (hydroxychloroquine, prednisone,
methotrexate, azathioprine, rituximab) had higher Schirmer values (14.6 ± 9.6 mm)
compared to those not on any of these medications (8.4 ± 9.0 mm; P <0.01). Subjects on
anti-inflammatory medications also had higher Schirmer values in their worse eye (11.9 ±
9.3 mm) compared to the worse eye of subjects not on medication (7.1 ± 8.8 mm; P <0.03).
However, there was no significant difference in OSDI or tear osmolarity between these two
groups (Table 3). When the correlations between test results and with OSDI were reviewed
by subgroups based on the use of systemic anti-inflammatory medications and on the use of
hydroxychloroquine, the direction and magnitude of the correlations observed in the full
group did not change substantially.

Discussion
Tear Osmolarity and Sjogren’s Syndrome

Sjogren’s syndrome (SS) can be a difficult diagnosis to make and often patients suffer with
symptoms for years before a diagnosis is made. SS patients typically suffer from moderate
to severe dry eye due to aqueous tear deficiency as well as possible meibomian gland
dysfunction and frequently complain of discomfort related to standard diagnostic testing for
dry eye. Measurement of tear osmolarity may therefore represent a more convenient and
better tolerated diagnostic alternative to traditional dry eye tests.

Threshold tear osmolarity values for dry eye disease can vary depending on the instrument
used, the area of the eye sampled, and the severity of dry eye in the recruited subjects.
Consequently, many different cut-off values have been proposed for the diagnosis of KCS.
Tomlinson et al performed a meta-analysis of all studies performed between 1978 and 2005
and proposed a cut-off of 308 mOsm/L for early KCS and 316 mOsm/L (sensitivity 69%,
specificity 92%) for moderate-severe dry eye disease.8 Others have proposed cutoffs ranging
from 304–323 mOsm/L.9,16,18,19 However, no specific tear osmolarity cutoff has been
proposed for SS patients. Due to a lack of consensus as to a threshold tear osmolarity value,
measuring and following trends in tear osmolarity in SS patients (i.e. change from an
individual patient’s baseline), may be more helpful in guiding treatment in this population
than comparison to standard threshold values.
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Our study included subjects with severe primary or secondary Sjogren’s syndrome and
found a mean tear osmolarity of 314.5 mOsm/L, which is higher than some previously
reported threshold tear osmolarity values associated with dry eye syndrome.18,20 This is
higher than the mean osmolarity of 301.9 mOsm/L in the study by Utine and colleagues
which included ten patients with primary SS.20 Of note, all SS patients in that study were on
some form of systemic treatment versus 86% of our patients, which could explain why the
mean osmolarity we found was higher in our subjects. Our average tear osmolarity result is
also higher than that of Szalai et al. who found an average tear osmolarity of 303.4 ± 17.2 in
twenty subjects with Sjogren’s syndrome, but they did not analyze the effect of systemic
medications in their study.21

The majority of our subjects (86%) were taking at least one systemic therapy, with a large
percent (59%) taking hydroxychloroquine. While treatment with anti-inflammatory
medication did not have a statistically significant effect on tear osmolarity or symptoms as
evaluated by the OSDI in our study, we did observe significantly higher Schirmer test scores
and a non-significant trend toward lower tear osmolarity in treated versus untreated subjects.
Additionally, 26% of subjects on some form of dry eye therapy had low Schirmer values (<
5mm) and 74% had an OSDI >22 despite treatment, compared with 57% and 75% of
untreated patients, respectively. These findings suggest that while systemic treatment for SS
may improve tear production, the symptoms of dry eye may persist. While our study showed
no difference in tear osmolarity in treated and untreated patients, since the majority of our
subjects were on treatment at the time of the study it is possible that future studies focusing
on untreated SS patients may find that untreated SS is associated with an average tear
osmolarity greater than 314.5 mOsm/L. Additionally, studies with a larger subject
population may reveal a significant difference in tear osmolarity between treated and
untreated subjects with SS.

Another factor which may have affected the results of this study is that tear osmolarity was
only checked one time per eye of each subject. A recent study found that consecutive tear
osmolarity readings using the TearLab system in a given individual without dry eye varied
by up to 35mOsm/L, but that an average of three consecutive readings was found to be a
reliable indicator of tear osmolarity.21 Future studies involving multiple consecutive
readings in each eye of SS patients would be helpful in clarifying if more variation is seen in
this population than what was previously reported by Khanal and colleagues22.

Tear Osmolarity, Schrimer I Testing, and OSDI
Our study found a moderate, statistically significant negative correlation between tear
osmolarity and Schirmer I testing. This is consistent with the results of Utine et al who
found a significant moderate negative correlation between tear osmolarity and Schirmer
testing in subjects with SS.20 This finding was expected since a low Schirmer test value is
representative of decreased tear film secretion, and aqueous tear deficiency is known to
result in increased tear osmolarity.17 Therefore, it is logical that tear film osmolarity would
increase in patients with decreased Schirmer values.

Interestingly, we found a statistically significant negative correlation between OSDI and tear
osmolarity in our population in which patients with a higher tear osmolarity reported lower
symptom severity. This differs from the findings of Utine et al who found a significant
moderate positive correlation between OSDI and tear osmolarity.20 One possible
explanation for the negative correlation found in our study is that SS may decrease corneal
sensation, dampening the patient’s perception of ocular irritation and dry eye symptoms.
Therefore, as dry eye worsens due to decreased aqueous tear production, tear osmolarity
would increase while perceived symptoms would decrease. Several studies have shown that
decreased corneal sensitivity is a feature of severe dry eye and SS.22,23,24 These studies
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suggest that the longer duration or greater severity of disease, the less sensitive the cornea.
Accordingly, the higher the tear osmolarity, a potential marker of dry eye disease severity,
the less sensitive the cornea. However, one study found that patients with primary SS in
particular have corneal mechanical hypersensitivity,25 therefore further larger studies
focusing on tear osmolarity, corneal innervation, and correlation with signs of severe KCS
such as hyperemia and mucous discharge are needed to elucidate this relationship.

Another possible explanation for the negative correlation between OSDI and tear osmolarity
is that the OSDI may not adequately reflect the severity of SS-related dry eye symptoms. In
comparing the National Eye Institute Vision Functioning Questionnaire (NEI-VFQ) and
OSDI questionnaires in SS patients, Vitale et al speculated that the systemic nature and
chronicity of SS-related dry eye may be more readily captured by the NEI-VFQ, which
measures both frequency and intensity of vision-targeted health-related quality of life.26

Further studies using other questionnaires might be helpful in evaluating what the best
questionnaire is for use with SS patients in capturing their dry eye symptoms.

Utility of Tear Osmolarity Testing
The current ocular criteria for the diagnosis of SS include unanesthetized Schirmer testing
and ocular surface staining with vital dyes. However, both of these tests are imperfect and
have drawbacks. We found that tear osmolarity could be assessed in the office in SS
patients, despite the fact that they may have severe dry eye due to aqueous tear deficiency.
In addition, subjects reported having significantly less discomfort associated with tear
osmolarity testing than Schirmer I testing (P < 0.01). The current study did not include all
currently available dry eye diagnostic tests such as tear break-up time, ocular surface
staining, and interferometry. Further larger studies which include the use of these tests are
needed in order to assess the utility of tear osmolarity testing both for clinical and research
purposes. If tear osmolarity testing can be shown to be accurate, reproducible, and reliable,
it may be useful for tracking patient response to therapy and even supplement or replace the
current ocular criteria for the diagnosis of SS.
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Figure 1.
Scatter plot showing statistically significant, moderate negative correlation between OSDI
scores and tear osmolarity (P < 0.01).
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Figure 2.
Scatter plot showing a stastically significant, moderate negative correlation between tear
osmolarity and Schirmer I test results (P < 0.01).
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Figure 3.
Scatter plot demonstrating no statistically significant correlation between OSDI scores and
Schirmer test I scores (P = 0.17).
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Table 1

American-European Consensus Sjögren’s Syndrome Classification Criteria4

For a primary Sjögren’s syndrome diagnosis:

a. Any 4 of the 6 criteria, must include either item IV or VI

b. Any 3 of the 4 objective criteria (III, IV, V, VI)

For a secondary Sjögren’s syndrome diagnosis:
In patients with another well-defined major connective tissue disease, the presence of one symptom (I or II) plus 2 of the 3 objective criteria
(III, IV and V) is indicative of secondary SS.

I. Ocular Symptoms (at least one)

• Dry eyes > 3 months

• Foreign body sensation in eyes

• Use of artificial tears > 3 times per day

II. Oral Symptoms (at least one)

• Dry mouth > 3 months

• Recurrent or persistently swollen salivary glands

• Need liquids to swallow dry foods

III. Ocular Signs (at least one)

• Schirmer’s test (unanesthetized) ≤ 5 mm/5 minutes

• Positive vital dye staining (van Bijsterveld ≥ 4)

IV. Histopathology

• Lip biopsy showing focal lymphocytic sialoadenitis (focus score 1 per 4 mm2)

V. Oral Signs (at least one)

• Unstimulated whole salivary flow (≤1.5 mL in 15 minutes)

• Abnormal parotid sialography

• Abnormal salivary scintigraphy

VI. Autoantibodies (at least one)

• Anti-SSA (Ro) or Anti-SSB (La)

Exclusion Criteria

• Past head and neck radiation treatment

• Hepatitis C infection

• Acquired immunodeficiency syndrome (AIDS)

• Pre-existing lymphoma Sarcoidosis

• Graft versus host disease

• Current use of anticholinergic drugs
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Table 2

Subject Characteristics

Characteristics n (%)

Age (years)

 18–35 8 (16%)

 36–55 17 (35%)

 56–65 18 (37%)

 >65 6 (12%)

Sex

 Female 45 (92%)

 Male 4 ( 8%)

Race/ethnicity

 White 33 (67%)

 African American 14 (29%)

 Hispanic 1 ( 2%)

 Unknown 1 ( 2%)

OSDI*

 Normal (0–12) 9 (19%)

 Mild (12–22) 3 ( 6%)

 Moderate (23–32) 9 (19%)

 Severe (33–100) 26 (55%)

Tear Osmolarity (mOsm/L)

 ≤305 (mild) 16 (33%)

 >305 – 316 (moderate) 12 (24%)

 >316 (moderate-severe) 21 (43%)

Schirmer’s Test I (mm/5 min)

 0 – 2 4 ( 8%)

 3 – 5 7 (14%)

 6 – 10 17 (35%)

 >10 21 (43%)

Type of Sjögren’s syndrome

 Primary 41 (84%)

 Secondary 8 (16%)

Current medications

 Hydroxychloroquine 29 (59%)

 Pilocarpine 13 (27%)

 Prednisone 12 (24%)

 Methotrexate 5 (10%)

 Azathioprine 3 ( 6%)

 Rituximab 2 ( 4%)
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Characteristics n (%)

 Fish oil 31 (63%)

 Flaxseed oil 7 (14%)

 Topical cyclosporine 12 (12%)

 Erythromycin ointment 4 ( 8%)

*
OSDI=Ocular Surface Disease Index, score is rounded to nearest whole number
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