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Background: Patients who have symptoms of sicca, such as dry eyes and mouth, may have Sjög-
ren’s syndrome (SS). However, the conservative culture makes patients hesitate to undergo an
invasive biopsy, which contributes to the difficulty of confirming a diagnosis. We aimed to iden-
tify the characteristics of patients with sicca symptoms to develop a better predictive value for
each item included in the three different diagnostic criteria for SS and clarify the best diag-
nostic tools for the local population.
Methods: This is a single-center retrospective case-control study from January 2016 to
December 2017. Patients who underwent sialoscintigraphy because of clinical symptoms of
xerostomia and xerophthalmia at one medical center were reviewed via the patients’ elec-
tronic medical records.
Results: Of 515 patients enrolled, the severity of results for sialoscintigraphy and Schirmer’s
test was correlated with a diagnosis of SS and generated receiver operator characteristic
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curve. The area under curve (AUC) was 0.603 for positive Schirmer’s test, 0.687 for positive
anti-Ro/La results, 0.893 for a positive salivary gland biopsy. The AUC was 0.626 and 0.602
for Schirmer’s test which is redefined as <10 mm/5 minutes in either eye and according to
2016 the American College of Rheumatology/ European League Against Rheumatism criteria,
respectively.
Conclusion: Our results indicate the cut-off point for defining a positive test result in the Schir-
mer’s test is worth modified to <10 mm/5 minutes in either eye.
Copyright ª 2019, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Sjögren’s syndrome (SS) is the result of autoimmune-
mediated inflammation in exocrine glands. Some patients
with SS also present with extraglandular manifestations
including lymphoma, fatigue, cutaneous, muscular, artic-
ular, pulmonary, vascular, renal, neurological, and hema-
tological abnormalities.1,2 The current applied
classification criteria are the 2002 AmericaneEuropean
consensus group (AECG) criteria, the 2012 American Col-
lege of Rheumatology (ACR) criteria and the 2016 ACR/the
European League Against Rheumatism (EULAR) criteria.3e5

Patients who encounter symptoms of sicca, such as
xerostomia and xerophthalmia, may have SS and would
consult a rheumatologist. In our recent clinical practice,
most of these patients undergo evaluation according to the
2002 AECG criteria, including a blood test for anti-Ro/La,
sialoscintigraphy, and referral to an ophthalmologist for a
Schirmer’s test. If a patient is negative for anti-Ro/La au-
toantibodies but positive on either sialoscintigraphy or
Schirmer’s test, they are referred to an oral surgeon for
labial salivary gland biopsy. However, the conservative
culture in Taiwan makes patients hesitate to undergo an
invasive biopsy, which contributes to the considerable dif-
ficulty of confirming a diagnosis of SS. Therefore, it is
challenging to allocate a therapeutic plan for seronegative
patients with sicca, especially when they have comorbid-
ities related to extraglandular symptoms. We aimed to
identify the characteristics of patients with sicca symptoms
to develop better predictive value for each item included in
the three different diagnostic criteria for SS and clarify the
best diagnostic tools for the local population.

Methods

Study design

This single-center retrospective case-control study has
been approved by the Institutional Review Board of Tri-
Service General Hospital with waiving of the informed
consent form, No. 1-107-05-036. Patients who underwent
sialoscintigraphy because of xerostomia and xerophthalmia
were recruited from January 2016 to December 2017. We
reviewed the electronic medical records of the enrolled
patients. Patient demographics including sex and age at the
time of sialoscintigraphy were recorded. Patients under the
age of 20 were excluded. The diagnosis of SS was deter-
mined by a rheumatologist in the follow-up period using the
2002 AECG classification criteria.3 Comorbidities such as
ischemic stroke, hypertension, diabetes mellitus, malig-
nancy, status postradiotherapy, and psychological disorders
such as insomnia, anxiety disorder, panic disorder, mood
disorder, and schizophrenia were recorded.

Tear function was evaluated from the results of
Schirmer’s tests obtained from the ophthalmologists’ re-
cords. A positive Schirmer’s test was defined as a score of
�5 mm/5 min in both eyes and a negative test as a score
�10 mm/5 min in both eyes. The Schirmer’s test results
that did not fit either the positive or negative classifications
were defined as equivocal. The results of sialoscintigraphy
were reviewed by two experienced nuclear medicine phy-
sicians. Labial salivary gland biopsy results reporting a sia-
ladenitis focus score of �1 were defined as positive.3

The results of serum immunological evaluations,
including antinuclear antibody (ANA; EUROIMMUN), anti-
Ro/La antibody, and rheumatoid factor (RF; Thermo Fisher
Scientific) were collected. The reference ranges for anti-
Ro, anti-La, and RF were defined according to the manu-
facturer’s instructions. This study was approved by the
Institutional Review Board of Tri-Service General Hospital.

Statistical analysis

We used the chi-squared test to compare distributions of
categorical variables and baseline comorbidities between
the SS and non-SS groups. Age as a continuous variable was
tested using Student’s t-test. An association between the
results of sialoscintigraphy and Schirmer’s test was evalu-
ated using the Pearson chi-squared test with Cramer’s V.
Factors correlating with a diagnosis of SS were evaluated
using an odds ratio (OR) with 95% confidence interval (CI).
The predictive value of these factors was calculated using
the area under the curve (AUC) of a receiver operating
characteristic (ROC). P values < 0.05 were considered sig-
nificant. Statistical analyses were conducted using the
“dplyr,” “vcd,” “epitools,” and “Epi” packages of R soft-
ware (version 3.5.2).6e13

Results

Overall, 516 patients underwent sialoscintigraphy at one
medical center between 2016 and 2017. One patient aged
under 20 years old was excluded. The mean age of partic-
ipants was 55.6 years. Women constituted 85.4% of the
patients. Based on 2002 AECG criteria, 247 patients (48.0%)
were diagnosed with SS, including 12 with secondary SS
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Table 1 Demographic data.

Total n (%) Sjogren syndrome Non-Sjogren syndrome p-value

All 515 247 (48.0) 268 (52.0) 0.213
Age (years, mean � SD) 55.6 � 14.9 56.6 � 14.7 54.7 � 15.0 0.133
Female 440 (85.4) 219 (88.7) 221 (82.5) 0.062
Sialoscintigraphy 0.010
markedly 207 (40.2) 112 (45.3) 95 (35.5) Cramer’s V 0.149
moderately 222 (43.1) 102 (41.3) 120 (44.8)
mildly 58 (11) 27 (11) 31 (12)
negative 28 (5) 6 (2) 22 (8)

Schirmer’s test <.001
Positive 184 (43.7) 124 (52.8) 60 (32.3) Cramer’s V 0.236
Equivocal 159 (37.8) 83 (35.3) 76 (40.9)
Negative 78 (19) 28 (12) 50 (27)

Schirmer’s test (2016) <.001
Positive 256 (60.8) 164 (69.8) 92 (49) Phi 0.207
Negative 165 (39.2) 71 (30) 94 (51)

Anti-Ro positive 225 (44.1) 156 (63.2) 69 (26) <.001
Anti-La positive 59 (12) 47 (19) 12 (5) <.001
Anti-Ro or Anti-La positive 226 (44.3) 157 (63.6) 69 (26) <.001
ANA positive (>1:80) 228 (45.2) 135 (55.6) 93 (36) <.001
RF positive 107 (22.2) 55 (24) 52 (21) 0.436
Stroke 14 (3) 9 (4) 5 (2) 0.333
Hypertension 102 (19.8) 55 (22) 47 (18) 0.217
Diabetes mellitus 53 (10) 26 (11) 27 (10) 0.981
Psychologic disorder 55 (11) 29 (12) 26 (10) 0.545
Malignancy 35 (7) 12 (5) 23 (9) 0.133
Status post radiotherapy 15 (43) 5 (42) 10 (44) 1
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during the follow-up period. Of the 515 patients who un-
derwent sialoscintigraphy because of decreased peak
vascular perfusion or secretion velocity, 207 (40.2%) were
reported as having marked delay, 222 (43.1%) as having
moderate delay, 58 (11%) as having mild delay, and 28 pa-
tients (5%) were reported as negative. There were 421 pa-
tients who underwent a Schirmer’s test: 184 (43.7%) were
Figure 1 The association between Sia
positive, 159 (37.8%) were equivocal, and 78 (19%) were
negative. In the SS group, 51.1% of patients were positive
for both Schirmer’s test and sialoscintigraphy; in the non-SS
group, the figure was 30.7% (P < 0.001). When the 2016
ACR/EULAR classification criteria were applied, a Schirm-
er’s test result of �5 mm/5 min in at least one eye was
redefined as positive,5 meaning that 256 patients of 421
loscintigraphy and Schirmer’s test.



Table 2 Correlation of items to the diagnosis of Sjögren syndrome.

Factor Odds ratio confidence interval p

Sialoscintigraphy
markedly 4.323 1.683e11.102 0.001
moderately 3.117 1.217e7.983 0.015
mildly 3.194 1.129e9.033 0.033
negative 1

Schirmer’s test
Positive 3.690 2.117e6.434 <.001
Equivocal 1.950 1.117e3.406 0.019
Negative 1

Schirmer’s test (2016) 2.360 1.582e3.521 <.001
Anti-Ro positive 4.820 3.305e7.029 <.001
Anti-La positive 4.915 2.539e9.516 <.001
Anti-Ro or Anti-La positive 4.905 3.362e7.155 <.001
ANA positive (>1:80) 2.184 1.528e3.123 <.001
RF positive 1.202 0.782e1.847 0.443
RF positive and ANA �1:320 2.541 1.252e5.158 0.011
Anti-Ro or Anti-La positive or [RF positive and ANA �1:320] 4.636 3.191e6.736 <.001
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patients (60.8%) were now positive. There were 225 pa-
tients (44.1%) who were positive for anti-Ro, 59 (11.6%)
positive for anti-La, 226 (44.3%) positive for anti-Ro or anti-
La, and 228 (45.2%) with an ANA of �1:80. Demographic
information is shown in Table 1. Among 70 patients with
positive salivary biopsy, 25 (35.7%) patients had an equiv-
ocal on Schirmer’s tests. Two of four patients with positive
anti-Ro and salivary biopsy presented an equivocal
Schirmer’s test. 100 out of 291 (34.4%) patients with the
presence of anti-Ro or inflammation on salivary biopsy had
an equivocal Schirmer’s test.

The correlation between sialoscintigraphy and Schirmer’s
test results for all 421 participants is illustrated in Fig. 1,
showing a P-value of 0.055 and Cramer’s V of 0.121. The
correlation of sialoscintigraphy with decreased vascular
perfusion or delayed secretion velocity in patients with SS
was significant, with an OR 4.323 (95% CI 1.683e11.102,
P Z 0.001) in patients with marked delay, OR 3.117 (95% CI
1.217e7.983, P Z 0.015) in those with moderate delay, and
OR 3.194 (95% CI 1.129e9.033, P Z 0.033) in those with mild
delay. The correlation between either a positive or equivocal
Schirmer’s test and a diagnosis of SS was significant, with ORs
of 3.690 (95% CI 2.117e6.434, P < 0.001) and 1.95 (95% CI
1.117e3.406, P Z 0.019), respectively. Based on the 2016
ACR/EULAR criteria, the correlation between a positive
Schirmer’s test and SS is significant with an OR of 2.36 (95% CI
1.582e3.521, P < 0.001). Positive anti-Ro or anti-La results
were also significantly correlated with SS (OR 4.905, 95% CI
3.362e7.155; P < 0.001). Positive anti-Ro or anti-La results
with simultaneously positive RF IgM and ANA �1:320 had an
OR of 4.636 (95% CI 3.191e6.736, P < 0.001) for SS (Table 2).

The AUC was 0.563 for positive sialoscintigraphy, 0.603
for positive Schirmer’s test, 0.687 for positive anti-Ro/La
results, 0.893 for a positive salivary gland biopsy, 0.632 for
the combination of positive sialoscintigraphy and positive
Schirmer’s test, 0.713 for the combination of positive sia-
loscintigraphy and positive anti-Ro/La results, 0.746 for the
combination of positive Schirmer’s test and positive anti-
Ro/La results, 0.761 for the combination of positive sialo-
scintigraphy, positive Schirmer’s test, and positive anti-Ro/
La results (Fig. 2), 0.531 for a positive RF and ANA > 1:320,
0.681 for either positive anti-Ro or anti-La results or
simultaneously positive RF and ANA �1:320. The AUC was
0.626 and 0.602 for Schirmer’s test which is redefined as
<10 mm/5 min in either eye and according to 2016 ACR/
EULAR criteria, respectively (Table 3).
Discussion

The 2002 AECG classification criteria are the most
commonly used in the health care system of Taiwan to
classify primary SS, with an initial trial reporting a sensi-
tivity of 89.5% and a specificity of 95.2%.3 Clinical appli-
cation of the criteria requires performance of
sialoscintigraphy for objective salivary gland involvement
and Schirmer’s test for objective ocular signs, as well as
performing a serum screen for anti-Ro/La. Therefore, bi-
opsy of a salivary gland or a positive anti-Ro/La result is
required to fulfill the diagnostic criteria. Many Taiwanese
patients are hesitant to undergo salivary gland biopsy due
to conservative culture, which makes fulfilling the criteria
for the diagnosis of SS difficult.

Of the 515 included patients, 247 (48.0%) were diag-
nosed with SS. Positive Schirmer’s test results were more
strongly associated with SS than were the results of sialo-
scintigraphy, with the Cramer’s Vs being 0.236 and 0.149,
respectively. The more serious the disease detected on the
objective xerophthalmia and xerostomia examination, the
higher the possibility and the greater the odds of confirming
a diagnosis of SS. Nonetheless, objective xerostomia was
more prevalent than objective xerophthalmia, with 94.6%
positive results for sialoscintigraphy and 43.7% positive re-
sults for Schirmer’s test. Age was also a contributing factor
for positive and equivocal results of the Schirmer’s test.
According to the interpretation of Schirmer’s test used in



Figure 2 The receiver operating characteristic curve of the combination of sialoscintigraphy and positive anti-Ro/La results in
the diagnosis of Sjögren syndrome.

Table 3 The area under the receiver operator characteristic curve of each factor.

Area Under Curve

Sialoscintigraphy 0.563
Schirmer’s test 0.603
Schirmer’s test (2016) 0.602
Schirmer’s test (redefined) 0.626
Positive anti-Ro/La 0.687
Positive ANA (>1:80) 0.600
Salivary gland biopsy 0.893
Sialoscintigraphy þ Schirmer’s test 0.632
Sialoscintigraphy þ Positive anti-Ro/La 0.713
Schirmer test þ Positive anti-Ro/La 0.746
Sialoscintigraphy þ Schirmer’s test þ Positive anti-Ro/La 0.761
Positive RF and ANA > 1:320 0.531
Positive anti-Ro/La or [positive RF and ANA >1:320] 0.681
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the 2002 AECG criteria, a result of <5 mm tears/5 min in
both eyes is positive. An equivocal result on Schirmer’s test
does not contribute any points in the 2002 AECG classifi-
cation criteria; however, in our data, it has an OR of 1.95
for a diagnosis of SS. A mild to marked delay in uptake,
reduced concentration, and/or delayed excretion on sia-
loscintigraphy score one point for the objective evidence of
salivary gland involvement.3 We would suggest that the
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application of the 2002 AECG classification criteria to our
local population might be modified because the cut-off
point for a positive diagnostic criterion for Schirmer’s test
might be an “equivocal” result, which would help accu-
rately diagnose patients with SS. Sialoscintigraphy and
Schirmer’s test results show a trend towards positive as-
sociation, with a Cramer’s V of 0.121; however, the P-value
of 0.055 did not reach significance in the study population.
Double-positivity for sialoscintigraphy and Schirmer’s test
occurred more frequently in the SS group than in the non-SS
group.

Apart from autoimmune exocrinopathy, previously re-
ported contributors to dry eyes and mouth include age, sex,
nutrition, allergies, thyroid disease, systemic disease (such
as metabolic syndrome, diabetes mellitus, chronic kidney
disease), medications, contact lens wearing, exposure to
visual display terminals, humidity, head and neck radio-
therapy, infection (such as with human immunodeficiency
virus), and graft-versus-host disease.14e22 Older age was
also associated with more severe xerophthalmia on
Schirmer’s test in our study. Age, sex, and comorbidities
such as stroke, hypertension, diabetes mellitus, psycho-
logic disorders, malignancy, and radiotherapy did not differ
significantly between the SS and non-SS groups in our study
population. Except for other objective evaluations of
ocular sicca including tear film breakup time and ocular
staining, Schirmer’s test has been the most practicing
methodology in our clinic. Either tear film breakup time,
conjunctival staining or Schirmer’s test was achieved sig-
nificant difference from patients with non-SS dry eye dis-
ease to SS dry eye disease.23,24

A positive anti-Ro/La or minor salivary gland pathology
with a focus score of �1 are the necessary factors to allow
the use of the 2002 AECG classification criteria. Our results
are compatible with these criteria because the AUCs of
anti-Ro/La or salivary gland biopsy were 0.687 and 0.893,
respectively. A positive salivary gland biopsy showed a
sensitivity of 98.6% and specificity of 80% for the diagnosis
of SS.

The 2012 ACR classification enrolled either positive
serum anti-Ro/La or positive RF and ANA titer >1:320 into
diagnostic criteria.4 Serum rheumatoid factor and ANA
could be identified in many diseases in addition to auto-
immune diseases, such as infectious diseases and malig-
nancy. Although RF and high-titer ANA emerged in the 2012
ACR criteria, this combination had only a low diagnostic
value in our local population. A positive RF did not even
achieve a statistically significant difference between SS and
non-SS group in our cohort. Few individuals were fulfilling
the 2012 ACR criteria with negative for anti-Ro/La but
positive for ANA and RF in the Oklahoma Medical Research
Foundation cohort.25 The ACR/EULAR consensus excluded
ANA and RF in the 2016 criteria generation process.5 Thus,
the percentage of detected RF in SS is almost the same as in
sicca patients without SS.

However, Schirmer’s test is still enrolled in the criteria,
which emphasized the importance of Schirmer’s test. Sia-
loscintigraphy is a functional qualitative methodology, and
the result is still not consistency dependent on the skill of
different nuclear medicine physicians. We are working on a
quantitative method through time activity curves for sali-
vary gland activity which is capable of quantitating
sialadenitis with more accuracy. Ocular staining is not as
convenient and prevalent as the Schirmer’s test in current
clinical practice, and rose Bengal dye has been reported to
be toxic to the cornea.26,27

There was a low predictive value for sialoscintigraphy,
which is consistent with a previous study, an AUC <0.6.28

Sialoscintigraphy was included in the item generation but
did not remain through multi-criteria decision analysis of
2016 ACR/EULAR criteria.5 However, Schirmer’s test is still
enrolled in the criteria, which emphasized the importance
of Schirmer’s test. Sialoscintigraphy is a functional quali-
tative methodology and the result is still not consistence
dependent on the skill of different nuclear medicine phy-
sicians. A quantitative method through time activity curves
for salivary gland activity has been launched in our study,
which is capable of quantitating sialadenitis with more
accuracy.

Patient acceptance of an invasive procedure, such as a
labial salivary gland biopsy, is another critical problem in
using the 2012 ACR and 2002 AECG criteria. Currently, the
application of the 2002 AECG criteria is more suitable for
our local population than that of the 2012 ACR criteria,
based on the conservative culture. The ACR and EULAR
developed new classification criteria in 2016 that incorpo-
rated modifications to the 2002 AECG and 2012 ACR
criteria.5 The Schirmer’s test was reclassified as positive
with a result of �5 mm/5 min in at least one eye rather
than in both eyes. Positive serology included only anti-Ro,
whereas anti-La, ANA, and RF were dropped from the
criteria. Xerostomia was measured via the collection of
unstimulated whole saliva rather than by sialoscintig-
raphy.29 A positive score for more than 4 of 5 items was
classified as indicating SS. This provides the possibility of
diagnosing SS in seronegative patients who refuse a labial
biopsy. The exclusion criteria of the 2016 ACR/EULAR
criteria were added IgG4-related disease and allowed for
pre-existing lymphoma.

The treatment for SS mainly involves lifestyle modifica-
tion and symptom-revealed medications (such as artificial
tears, pilocarpine, and cevimeline).1 In the current
consensus, initial immunomodulation is not suggested
except in cases with extraglandular presentations, although
in our population-based cohort study, it reduced the risk of
developing lymphoma.30 Our retrospective analysis of the
real-world clinical experience help clinicians identify pa-
tients who have a high risk of developing SS and reduce the
morbidity. Defining the severity of oral and ocular sicca by
unstimulated whole saliva flow rate, sialoscintigraphy,
ocular staining score or Schirmer’s test are essential in
patients with sicca symptoms in addition to comprehensive
medical history collection. The immunological survey with
serum anti-Ro stands for its autoimmune feature and is
crucial in each of the classification criteria. Labial salivary
gland biopsy is inevitable in seronegative patients with
objective ocular and oral sicca. Based on our data,
extended Schirmer’s test helps identify more sicca patients
who need treatments.

This study has some limitations. This is a retrospective
case-control analysis based on the electronic medical re-
cord. Some sicca patients who might be at high risk of SS
were lost follow-up or declined the lip biopsy. All partici-
pants were classified based on the 2002 AECG criteria
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initially. Few patients received ocular staining in the cur-
rent practicing in our cohort. Isreb and colleagues have
reported a Pearson’s correlation 0.751 between Schirmer’s
test with anesthesia and fluorescein break-up time,31 which
indicates a positive Schirmer’s test could be representative
of ocular sicca. The unstimulated whole saliva flow rate
measurement was not routinely performed in the follow-up
period. How to engage the 2016 ACR/EULAR criteria in the
real-world clinical practice is still warranted in the future.

Conclusion

These results report the application of classification criteria
for SS in our local population, for which the 2002 AECG
criteria and 2016 ACR/EULAR criteria are more suitable
than the 2012 ACR criteria. However, the cut-off point for
defining a positive test result in the Schirmer’s test would
suggest modified: i.e., a positive Schirmer’s test could be
defined as <10 mm/5 min in either eye. The further
application to patients with sicca symptoms and the asso-
ciation with developing extraglandular complications worth
further investigation. The complete evaluation of patients
with sicca symptoms should involve the cooperation of
rheumatologists, ophthalmologists, and dentists.
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