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Introduction

Primary Sjögren’s syndrome (pSS) is a chronic, systemic auto-immune disease, 
which is characterized by inflammation of the exocrine glands, with an estimated 
prevalence of 0.05% in the general population [1]. Most patients with pSS suffer 
from xerostomia, keratoconjunctivitis sicca and extreme fatigue [2]. In addition, 
many different extraglandular manifestations may be present, of which arthralgia, 
arthritis and myalgia occur most frequently [2]. 

Currently, multiple criteria sets are available for the classification of pSS. In 2002, 
the American European Consensus Group (AECG) criteria were developed and, 
although not endorsed by the American College of Rheumatology (ACR) or Euro-
pean League Against Rheumatism (EULAR), these are till now the most commonly 
used in daily clinical practice [3,4]. In 2012, the ACR criteria were developed and 
provisionally approved by the ACR [5], but these criteria were not well accepted 
by many SS experts [6]. In order to develop international consensus classification 
criteria, the ACR-EULAR criteria were recently introduced and endorsed by both 
EULAR and ACR [4,7]. In all three sets, salivary gland biopsies and presence of 
anti-SSA antibodies play a significant role in classifying patients as pSS [3-5]. In 
the AECG and ACR-EULAR criteria, salivary gland involvement is also assessed by 
unstimulated whole salivary flow (UWS) [3,4]. 

Ultrasound of major salivary glands (sUS) is an upcoming diagnostic method for 
assessing involvement of major salivary glands in pSS [8,9]. sUS is well tolerated, 
non-invasive, inexpensive, non-irradiating and widely available in the rheumato-
logic outpatient clinics, but its reliability depends greatly on the operator. A recent 
meta-analysis assessing the diagnostic properties of sUS in pSS reported a pooled 
sensitivity of 69% and specificity of 92%. This meta-analysis also revealed a large 
clinical and methodological heterogeneity between studies, which not only ham-
pered interpretation of pooled outcomes but also influenced the results reported 
in the various studies [8]. Thus, the possible role of sUS in the diagnosis of pSS 
remains unclear [8-10]. 

This study assesses the validity of sUS compared to parotid and labial gland bi-
opsies, sialometry, anti-SSA antibody status and classification criteria in patients 
clinically suspected with pSS.

Materials and methods

Patients

The present cross-sectional study is based on prospectively collected data from 
the multidisciplinary Sjögren’s expertise center in the University Medical Center 
Groningen (UMCG). One hundred and ten consecutive patients clinically suspect-

Abstract

Objective: To assess the validity of ultrasound of major salivary glands (sUS) com-
pared to parotid and labial gland biopsies, sialometry, anti-SSA antibody status 
and classification criteria in patients clinically suspected with primary Sjögren’s 
syndrome (pSS).

Methods: 103 consecutive outpatients clinically suspected with pSS underwent 
sUS. Parenchymal echogenicity, homogeneity, hypoechogenic areas, hyperecho-
genic reflections and clearness of salivary gland border were scored according to 
the Hocevar scoring system. Total ultrasound score was calculated as the sum of 
these domains (range 0-48). 

Results: sUS outcome showed good agreement with parotid (kappa 0.635) and 
moderate agreement with labial (kappa 0.573) gland biopsy outcome. Negative 
sUS predicts negative parotid gland biopsy and positive sUS predicts positive la-
bial gland biopsy. sUS outcome showed fair agreement with unstimulated whole 
saliva and good agreement with anti-SSA antibody status.

sUS outcome demonstrated good agreement with AECG (kappa 0.643, sensitivity 
71%, specificity 92%), ACR (kappa 0.705, sensitivity 77%, specificity 92%) and ACR-
EULAR (kappa 0.601, sensitivity 67%, specificity 94%) classification criteria. Posi-
tive sUS predicts classification, but negative sUS does not exclude classification. 
The combination of positive sUS with presence of anti-SSA antibodies or negative 
sUS with absence of anti-SSA antibodies showed a high predictive value for clas-
sification as pSS or non-pSS. 

Conclusion: In our prospective inception cohort study derived from daily clinical 
practice, sUS outcome shows good agreement with parotid and moderate agree-
ment with labial gland biopsy outcome. Additionally, the combination of positive 
sUS and presence of anti-SSA antibodies highly predicts classification according 
to the AECG, ACR and ACR-EULAR classification criteria. 
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SSA antibody status and classification according to the classification criteria was 
determined by Cohen’s kappa (κ) [18]. Furthermore, the association between ultra-
sound and UWS was analyzed using Spearman correlation coefficient (ρ) and was 
interpreted as poor (0.0–0.2), fair (0.2–0.4), moderate (0.4–0.6), good (0.6–0.8) or 
excellent (0.8–1.0). To further assess the diagnostic properties of sUS, the percent-
age of absolute agreement, sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), positive likelihood ratio (LR+) and negative likeli-
hood ratio (LR-) were calculated. 

Mann-Whitney U test was used to evaluate differences in total ultrasound score 
between patients with: (I) positive versus negative parotid or labial gland biopsies, 
(II) UWS ≤1.5ml/15min versus UWS >1.5ml/15min, (III) presence versus absence of 
anti-SSA and/or anti-SSB antibodies and (IV) pSS versus non-pSS according to the 
classification criteria. P-values <0.05 were considered statistically significant. 

 

Figure 1: Flowchart of patients included in the study with information about the availability of 
A. salivary gland biopsy, sialometry and auto-antibodies and B. classification according to the 
AECG, ACR and ACR-EULAR criteria. * 43 patients underwent parotid gland as well as labial gland 
biopsy. Separate analyses were done considering either † parotid gland biopsy or ‡ labial gland 
biopsy as an item, when applying these classification criteria. UWS = unstimulated whole saliva. 
n= total number of patients included in the analysis.

ed with pSS, who underwent sUS as part of the diagnostic work-up (in accordance 
with the Medical and Ethics Committee of the UMCG; waiver 016/120) and were 
over 18 years of age, were included. All patients underwent the diagnostic work-
up. All domains of the AECG, ACR and ACR-EULAR criteria were assessed, includ-
ing parotid or labial gland biopsy. 

Primary assessment

Ultrasonography
All patients were examined with the same ultrasonographic scanner (Esaote MyLab-
Seven, Genova, Italy), equipped with a high resolution linear scanner (4-13MHz). 
During the sUS examination, patients were examined in supine position with their 
neck slightly extended and turned away from the examined side [11,12]. The Hoce-
var scoring system was used. The following variables were investigated in the pa-
rotid and submandibular salivary glands: (I) parenchymal echogenicity compared 
to the thyroid gland, graded 0-1; (II) homogeneity, graded 0-3; (III) presence of 
hypoechogenic areas, graded 0-3; (IV) hyperechogenic reflections, graded 0-3 in 
parotid glands and 0-1 in submandibular glands; and (V) clearness of the salivary 
gland border, graded 0-3 [12]. Total ultrasound score was the sum of these five 
domains and can range from 0 to 48 [12]. 

Other assessments

Parotid and/or labial gland biopsies were considered positive if focus score (de-
fined as the number of mononuclear infiltrates containing ≥50 lymphocytes per 
4mm2 of glandular tissue) was ≥1 [13-15]. UWS was evaluated by measuring the sali-
va production in 15 minutes [3]. UWS ≤1.5mL/15min was considered abnormal [16]. 
Serum levels of anti-SSA and anti-SSB antibodies were assessed with ELISA tests. 

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics 23 (SPSS, Chicago, 
IL, USA). Descriptive parameters were expressed as number of patients (%) and 
median (range) for categorical and non-normally distributed data, respectively. 

Receiver operating characteristic (ROC) analysis was performed to determine the 
accuracy of sUS to predict parotid or labial gland biopsies, UWS, anti-SSA antibody 
status and classification as pSS. Area under the curve (AUC) was interpreted as no 
discrimination (0–0.5), poor accuracy (0.5–0.7), fair (0.7–0.8), good (0.8–0.9) or 
excellent (0.9–1.0) [17]. The optimal cut-off point for sUS positivity was determined 
according to the highest combination of sensitivity and specificity. 

Agreement between sUS outcome and parotid or labial gland biopsies, UWS, anti-
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Total ultrasound score was significantly higher in patients with positive parotid or 
labial gland biopsies compared to patients with negative parotid or labial gland 
biopsies (Figure 2). 

Ultrasound versus sialometry

The accuracy of sUS to predict UWS outcome was poor, with AUC of 0.696 (95% CI: 
0.593–0.799). The agreement between sUS outcome and UWS was fair (κ=0.345; 
Table 1). 

Figure 2: Ultrasound total score compared to salivary gland biopsy. A. positive versus negative 
parotid gland biopsy; B. positive versus negative labial gland biopsy. Histopathology: positive 
parotid or labial gland biopsy was defined as focus score ≥1. 

Results 

A flowchart of inclusion and exclusion of patients and information about the num-
ber of patients included in the analyses regarding salivary gland biopsies, sialo-
metry, anti-SSA antibody status and classification criteria is presented in Figure 1. 
Of the 103 included patients, median age was 51 years (range 18-82), 90% were fe-
male and median total ultrasound score was 12 (range 3-43; Supplementary Table 
1). For research purposes, 43 patients underwent parotid and labial gland biopsies. 
Of the remaining patients, 35 had only a parotid gland biopsy and 13 had only a 
labial gland biopsy. 

Ultrasound versus salivary gland biopsy 

The accuracy of sUS to predict a parotid gland biopsy outcome was good, with an 
AUC of 0.849 (95% CI: 0.746-0.952) and optimal cut-off point of 15 (Supplemen-
tary Table 2). The agreement between sUS outcome and parotid gland biopsy was 
good (κ=0.635), with a sensitivity of 75%, specificity of 88%, PPV of 78% and NPV 
of 86% (Table 1). 

The accuracy of sUS to predict a labial gland biopsy outcome was good, with an 
AUC of 0.824 (95% CI 0.714-0.934) and optimal cut-off point of 14 (Supplementary 
Table 2). The agreement between sUS outcome and labial gland biopsy was mod-
erate (κ=0.573), with a sensitivity of 72%, specificity of 85%, PPV of 84% and NPV 
of 74% (Table 1). 

Table 1. Ultrasound of major salivary glands versus salivary gland biopsy, sialometry and anti-SSA 
antibodies status.

Parotid gland  
biopsy 
(n=78)

Labial gland  
biopsy 
(n=56)

UWS 
(n=98)

Anti-SSA  
antibodies 

(n=103)

Optimal cut-off point

Cohen’s kappa

15

0.635

14

0.573

15

0.345

66.3%

54.5%

81.4%

78.9%

58.3%

2.93

0.56

15

0.633

81.6%

69.8%

94.0%

92.5%

74.6%

11.63

0.32

% absolute agreement 

Sensitivity

Specificity

PPV

NPV

LR+

LR-

83.3%

75.0%

88.0%

77.8%

86.3%

6.25

0.28

78.6%

72.4%

85.2%

84.0%

74.2%

4.89

0.32

UWS = unstimulated whole saliva; PPV = positive predictive value; NPV = negative predictive 
value; LR+ = positive likelihood ratio; LR- = negative likelihood ratio. 
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Total ultrasound score, however, was significantly higher in patients with UWS 
≤1.5ml/15min compared to patients with UWS >1.5ml/15min (Supplementary Figure 
1A). There was a fair reversed association between total ultrasound score and UWS 
total flow (ρ=-0.366) (Supplementary Figure 1B). 

Ultrasound versus auto-antibodies 

The accuracy of sUS to predict anti-SSA antibody status was good, with an AUC of 
0.803 (95% CI: 0.711–0.894). The agreement between sUS outcome and anti-SSA 
antibody status was good (κ=0.633; Table 1). 

Total ultrasound score was significantly higher in patients with anti-SSA antibodies 
compared to patients without anti-SSA antibodies (Supplementary Figure 2). 

Ultrasound versus classification criteria

For the following analyses, the outcome of the parotid gland biopsy was an item of 
the classification criteria.

The accuracy of sUS to predict AECG classification was good, with an AUC of 0.826 
(95% CI: 0.735–0.918) and optimal cut-off point of 15 (Supplementary Table 3). The 
agreement between sUS outcome and AECG classification was good (κ=0.643), 
with a sensitivity of 71%, specificity of 92%, PPV of 89% and NPV of 79% (Table 2). 

The accuracy of sUS to predict ACR classification was good, with an AUC of 0.862 
(95% CI: 0.777–0.947) and optimal cut-off point of 15 (Supplementary Table 3). The 
agreement between sUS outcome and ACR classification was good (κ=0.705), with 
a sensitivity of 77%, specificity of 92%, PPV of 89% and NPV of 83% (Table 2). 

The accuracy of sUS to predict ACR-EULAR classification was good, with an AUC of 
0.802 (95% CI: 0.710–0.894) and optimal cut-off point of 15 (Supplementary Table 
3). The agreement between sUS outcome and ACR-EULAR classification was good 
(κ=0.601), with a sensitivity of 67%, specificity of 94%, PPV of 92% and NPV of 72% 
(Table 2). 

Total ultrasound score was significantly higher in pSS versus non-pSS according to 
the classification criteria (Figure 3). 

For analyses when the outcome of the labial gland biopsy was an item of the classi
fication criteria, see Table 2 and Figure 3.

Table 2. Ultrasound of major salivary glands versus classification criteria.

AECG 

parotid glandbiopsy labial gland biopsy 

Optimal cut-off point 15/16 15/16

Cohen’s kappa 0.643 0.585

% absolute agreement 82.4% 79.2%

Sensitivity 71.1% 67.4%

Specificity 92.3% 91.4%

PPV 88.9% 89.2%

NPV 78.7% 72.8%

LR+ 9.23 7.84

LR- 0.31 0.36

ACR 

parotid gland biopsy labial gland biopsy 

Optimal cut-off point 15 15

Cohen’s kappa 0.705 0.627

% absolute agreement 85.6% 81.7%

Sensitivity 77.3% 69.8%

Specificity 92.4% 92.0%

PPV 89.4% 88.2%

NPV 83.1% 78.0%

LR+ 10.17 8.73

LR- 0.25 0.33

ACR-EULAR 

parotid gland biopsy labial gland biopsy

Optimal cut-off point 15 15

Cohen’s kappa 0.601 0.520

% absolute agreement 79.8% 75.3%

Sensitivity 67.3% 61.8%

Specificity 93.6% 92.9%

PPV 92.1% 91.9%

NPV 72.1% 65.0%

LR+ 10.52 8.70

LR- 0.35 0.41

PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; 
LR- = negative likelihood ratio. In the left column parotid gland biopsies are considered an item of 
the AECG, ACR and ACR-EULAR classification criteria. In the right column, labial gland biopsies 
are considered an item of the AECG, ACR and ACR-EULAR criteria. 
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Figure 4: Percentage of patients fulfilling or not fulfilling the AECG, ACR or ACR-EULAR criteria. 
When ‘parotid gland’ is indicated, parotid gland biopsy outcome is considered an item of the 
AECG, ACR and ACR-EULAR criteria. When ‘labial gland’ is indicated, labial gland biopsy outcome 
is considered an item of the AECG, ACR and ACR-EULAR criteria.  
A. fulfilling the AECG, ACR or ACR-EULAR classification criteria; on the left positive sUS in com-
bination with presence of anti-SSA antibodies and on the right negative sUS in combination with 
absence of anti-SSA antibodies; and 
B. NOT fulfilling the AECG, ACR or ACR-EULAR classification criteria; on the left positive sUS in 
combination with presence of anti-SSA antibodies and on the right negative sUS in combination 
with absence of anti-SSA antibodies. 
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diagnosis of pSS by enabling a direct comparison between the different studies. 

Agreement was good between sUS outcome and parotid gland and moderate be-
tween sUS outcome and labial gland biopsy outcome. The specificity of sUS was 
slightly higher when parotid gland biopsies instead of labial biopsies were used as 
gold standard, which may be due to the fact that the parotid gland is included in 
the sUS evaluation, whereas the labial gland is not. 

Interestingly, the parotid gland biopsies were negative in most patients with a 
negative sUS, but the labial gland biopsies were positive in 26% of patients with a 
negative sUS. On the other hand, positive sUS predicts positive labial gland biop-
sies, while 22% of patients with a positive sUS had a negative parotid gland biopsy. 

There was a fair reversed association between total ultrasound score and UWS total 
flow. In other words, patients with more pronounced abnormalities on ultrasound 
tend to have a reduced UWS production. However, there was also a significant 
number of patients with few abnormalities on ultrasound who did have a reduced 
UWS production. This group may have consisted of early pSS patients, where UWS 
was reduced but no sUS abnormalities were yet seen or where another condition 
was causing the decrease in UWS.

Agreement between sUS outcome and anti-SSA antibody status was good, and 
sUS showed high specificity, confirming the findings of Luciano et al., who showed 
that higher total ultrasound scores correspond to presence of anti-SSA and/or anti-
SSB antibodies [21]. 

Agreement between sUS outcome and the various sets of classification criteria 
for pSS was good. Our findings regarding the sensitivity and specificity of sUS 
outcome compared to the classification criteria for pSS are similar with the results 
described in a recent meta-analysis, where various sUS scoring systems showed 
an overall sensitivity of 69% and specificity of 92% [8]. Sensitivity of sUS was lower 
when compared to the recently published ACR-EULAR criteria, when either parotid 
or labial gland biopsies were considered as an item for classification. It is currently 
unknown if sUS is sensitive enough to detect changes in the major salivary glands 
early in the disease course. In our inception cohort, more patients with low sUS 
scores fulfilled the ACR-EULAR criteria compared to the AECG and ACR criteria. 
This may suggest either that patients are classified as pSS at an earlier stage of 
disease according to the ACR-EULAR criteria or that the ACR-EULAR criteria are 
more liberal [7]. Finally, the PPV of sUS compared to the classification criteria was 
higher than the NPV. Thus, positive sUS predicts fulfillment of the AECG, ACR and 
ACR-EULAR criteria, but negative sUS does not exclude classification. 

In accordance with our findings, Astorri et al. [22] reported that positive sUS was 
highly predictive of positive labial gland biopsies. Therefore, one could consider 
not performing a labial gland biopsy in patients with a positive sUS. This previous 
study also showed that negative sUS was highly predictive of negative labial gland 

Predictive value of the combination of sUS and antibody status

In patients with positive sUS combined with anti-SSA antibodies, 14 out of 18 (78%) 
had a positive parotid gland biopsy and 17 out of 18 patients (94%) had a positive 
labial gland biopsy.

In patients with negative sUS combined with absence of anti-SSA antibodies, 37 
out of 40 (93%) had a negative parotid gland biopsy and 17 out of 22 patients (77%) 
had a negative labial gland biopsy.

In patients with positive sUS combined with anti-SSA antibodies, 32 out of 34 (94%) 
fulfilled the AECG, 34 out of 35 (97%) fulfilled the ACR and 35 out of 36 patients 
(97%) fulfilled the ACR-EULAR criteria, considering the outcome of parotid gland 
biopsies as an item for classification. Percentages are equal when the outcome of 
labial gland biopsies are considered an item for classification (Figure 4). 

In patients with negative sUS combined with absence of anti-SSA antibodies, 45 
out of 46 (98%) did not fulfill the AECG, 45 out of 45 (100%) did not fulfill the ACR 
and 44 out of 45 patients (98%) did not fulfill the ACR-EULAR criteria, considering 
the outcome of parotid gland biopsies an item for classification (Figure 4). Percent-
ages are lower when the outcome of labial gland biopsies is considered an item 
for classification: 40 out of 45 patients (89%) did not fulfill the AECG, 43 out of 46 
(93%) did not fulfill the ACR and 39 out of 44 (89%) did not fulfill the ACR-EULAR 
criteria (Figure 4).

Discussion

This study assessed the validity of sUS in a representative population of patients 
with clinically suspected pSS. It is the first study that directly compared the validity 
of sUS to parotid gland biopsy outcome and to the best of our knowledge the first 
that compared the validity of sUS to the ACR-EULAR criteria. 

Previously, three studies evaluated the optimal cut-off of the Hocevar sUS scoring 
system [12]. These studies used different gold standards, viz. AECG criteria [12], 
labial gland biopsy [19] or AECG and ACR criteria [20]. The cut-off points ranged 
from 15 to 19. In the present study, the optimal cut-off point for the Hocevar score 
was found to be 15 in almost all analyses.

Applying a higher cut-off value, e.g. 17 as used by Hocevar et al. [12], would have 
led to increased specificity and PPV for parotid and labial gland biopsies as well 
as for the AECG, ACR and ACR-EULAR classification criteria, at the expense of sen-
sitivity and NPV (Supplementary Table 1 and 2). At this moment, there is no con-
sensus about the optimal cut-off point. A consensus scoring system and cut-off 
point should be developed, which would further elucidate the role of sUS in the 
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In conclusion, in our prospective inception cohort study derived from daily clinical 
practice:

(i) sUS showed good agreement with parotid and moderate agreement with labial 
gland biopsy, fair agreement with sialometry, good agreement with anti-SSA anti-
body status and good agreement with classification criteria in patients suspected 
with pSS; 

(ii) positive sUS predicts classification according to the AECG, ACR and ACR-EU-
LAR classification criteria, but negative sUS does not exclude classification;

(iii) positive sUS in combination with presence of anti-SSA antibodies highly pre-
dicts classification according to the AECG, ACR and ACR-EULAR criteria. The 
combination of negative sUS and absence of anti-SSA antibodies highly excludes 
classification when parotid gland biopsy outcome is considered an item for clas-
sification, but when the outcome of labial gland biopsy is considered an item for 
classification, combining negative sUS with absence of anti-SSA antibodies does 
not exclude classification. 

biopsies in patients with sicca symptoms. However, we were unable to confirm 
this observation, as we found a moderate NPV of sUS for labial gland biopsies. 
Therefore, in patients with a negative sUS the result of labial gland biopsies could 
not fully be predicted. There are some possible explanations for this discrepancy. 
None of the “non-Sjögren’s sicca patients” in the study of Astorri et al. [22] had a 
positive labial gland biopsy, while some of our “non-Sjögren sicca patients” did 
have a positive biopsy. Moreover, Astorri et al. [22] did not mention the time inter-
val between sUS and labial gland biopsy, which might have been longer than in our 
study. Last but not least, a different sUS scoring system was used. 

Astorri et al. [22] stated that labial gland biopsies should not be performed in ENA-
negative patients with negative sUS, unless there are other strong clinical indica-
tions for SS. Based on our data, we cannot support this conclusion. It is well estab-
lished that negative serology occurs in 10-50% of pSS patients and correlates with 
milder disease [23-25]. Interestingly, when labial gland biopsies are considered as 
an item of the classification criteria, 7-11% of our patients with the combination of 
negative sUS and absence of anti-SSA antibodies were classified as pSS accord-
ing to the different criteria sets. In these anti-SSA negative patients, positive biop-
sies are decisive for classification [26]. Thus, ultrasound cannot fully replace labial 
gland biopsies, as there is a risk of underdiagnosing serologic negative patients. 
Consequently, we recommend that physicians should still consider performing 
biopsies in patients with absence of anti-SSA antibodies and negative sUS, espe-
cially when gland function (e.g., abnormal Schirmer or UWS) is impaired or when 
there are other signs and symptoms pointing to pSS. 

Strikingly, almost all of our patients with both a positive sUS and presence of anti-
SSA antibodies fulfilled the classification criteria for pSS. In this patient group, 
physicians could consider to skip the salivary gland biopsy as the combination of 
positive sUS and presence of anti-SSA antibodies is already highly suggestive of 
pSS. These rather interesting results are to be confirmed in other cohorts. 

The main strength of our study is that consecutive patients clinically suspected 
with pSS were included. Thus, the study population clearly represents the clinical 
circumstances in daily clinical practice. Moreover, our Sjögren’s expertise center 
is one of the few centers in which both parotid and labial gland biopsies can be 
performed [14]. Having access to parotid gland biopsies has several advantages, 
i.e. repeated biopsies of the same parotid gland can be performed (e.g. for moni-
toring treatment efficacy) and, MALT-lymphoma might be identified at an earlier 
stage [14]. 
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Supplementary Table 2. Different cut-off points for ultrasound total score compared to salivary 
gland biopsy.

Cut-off point 17 16 15 14 13

Parotid gland biopsy (n=78)

Cohen’s kappa 0.629 0.635 0.635 0.622 0.551

% absolute agreement 83.3% 83.3% 83.3% 82.1% 78.2%

Sensitivity 71.4% 75.0% 75.0% 82.1% 82.1%

Specificity 90.0% 88.0% 88.0% 82.0% 76.0%

PPV 80.0% 77.8% 77.8% 71.9% 65.7%

NPV 84.9% 86.3% 86.3% 89.1% 88.4%

LR+ 7.14 6.25 6.25 4.56 3.42

LR- 0.32 0.28 0.28 0.22 0.24

Labial gland biopsy (n=56)

Cohen’s kappa 0.402 0.435 0.435 0.573 0.537

% absolute agreement 69.6% 71.4% 71.4% 78.6% 76.8%

Sensitivity 48.3% 55.2% 55.2% 72.4% 72.4%

Specificity 92.6% 88.9% 88.9% 85.2% 81.4%

PPV 87.5% 84.2% 84.2% 84.0% 80.8%

NPV 62.5% 64.7% 64.7% 74.2% 73.3%

LR+ 6.53 4.97 4.97 4.89 3.89

LR- 0.56 0.50 0.50 0.32 0.34

PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; LR- 
= negative likelihood ratio. The bold columns show the optimal cut-off point(s). Cut-off ≥15 and 
cut-off ≥16 were found to have identical diagnostic accuracy for parotid gland biopsy. 

Supplementary Table 1. Characteristics of the study population.

Age
(years)

Females Ultrasound 
total score

Classification criteria including parotid gland 
biopsy

Fulfilling AECG criteria (n=45) 49 (18-82) 42 (93) 23 (3-43)

Fulfilling ACR criteria (n=44) 46 (18-82) 40 (91) 23 (3-43)

Fulfilling ACR-EULAR criteria (n=52) 48 (18-82) 48 (92) 23 (3-43)

Classification criteria including labial gland 
biopsy

Fulfilling AECG criteria (n=49) 51 (18-82) 47 (96) 23 (3-43)

Fulfilling ACR criteria (n=43) 47 (20-82) 39 (91) 22 (3-43)

Fulfilling ACR-EULAR criteria (n=55) 51 (18-82) 51 (93) 20 (3-43)

Not fulfilling AECG, ACR and ACR-EULAR 
criteria (n=44)

53 (20-71) 38 (86) 9 (3-20)

Total groups (n=103) 51 (18-82) 93 (90) 12 (3-43)

Values are presented as number of patients (%) or median (range). n=number of patients fulfilling 
the AECG, ACR and ACR-EULAR classification criteria. When ‘including parotid gland biopsy’ is 
indicated, parotid gland biopsy outcome is considered an item of the AECG, ACR and ACR-EULAR 
criteria. When ‘including labial gland biopsy’ is indicated, labial gland biopsy outcome is consid-
ered an item of the AECG, ACR and ACR-EULAR criteria. 
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PPV 89.7% 87.9% 88.2% 80.4% 75.0%

NPV 73.4% 76.7% 78.0% 80.8% 79.6%

LR+ 10.07 8.43 8.73 4.79 3.49

LR- 0.42 0.35 0.33 0.28 0.30

ACR-EULAR (incl. parotid gland biopsy)

Cohen’s kappa 0.562 0.581 0.601 0.578 0.516

% absolute agreement 77.8% 78.8% 79.8% 78.8% 75.8%

Sensitivity 61.5% 65.4% 67.3% 73.1% 73.1%

Specificity 95.7% 93.6% 93.6% 85.1% 78.7%

PPV 94.1% 91.9% 92.1% 84.4% 79.2%

NPV 69.2% 71.0% 72.1% 74.1% 72.5%

LR+ 14.30 10.21 10.52 4.91 3.43

LR- 0.40 0.37 0.35 0.32 0.34

ACR-EULAR (incl. labial gland biopsy)

Cohen’s kappa 0.486 0.502 0.520 0.513 0.447

% absolute agreement 73.2% 74.2% 75.3% 75.3% 72.2%

Sensitivity 56.4% 60.0% 61.8% 67.3% 67.3%

Specificity 95.2% 92.9% 92.9% 85.7% 78.6%

PPV 93.9% 91.7% 91.9% 86.0% 80.4%

NPV 62.5% 63.9% 65.0% 66.7% 64.7%

LR+ 11.75 8.45 8.70 4.71 3.14

LR- 0.46 0.43 0.41 0.38 0.42

PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio; LR- 
= negative likelihood ratio. The bold columns show the optimal cut-off point(s). Cut-off ≥15 and 
cut-off ≥16 were found to have identical diagnostic accuracy for AECG criteria including either 
parotid gland biopsy or labial gland biopsy. When ‘including parotid gland biopsy’ is indicated, 
parotid gland biopsy outcome is considered an item of the AECG, ACR and ACR-EULAR criteria. 
When ‘including labial gland biopsy’ is indicated, labial gland biopsy outcome is considered an 
item of the AECG, ACR and ACR-EULAR criteria. 

Supplementary Table 3. Different cut-off points of ultrasound total score compared to classifi-
cation criteria.

Cut-off point 17 16 15 14 13

AECG criteria (incl. parotid gland biopsy)

Cohen’s kappa 0.620 0.643 0.643 0.626 0.565

% absolute agreement 81.4% 82.4% 82.4% 81.4% 78.4%

Sensitivity 66.7% 71.1% 71.1% 77.8% 77.8%

Specificity 94.2% 92.3% 92.3% 84.6% 78.8%

PPV 90.9% 88.9% 88.9% 81.4% 76.1%

NPV 76.6% 78.7% 78.7% 81.4% 80.3%

LR+ 11.5 9.23 9.23 5.05 3.67

LR- 0.35 0.31 0.31 0.26 0.28

AECG criteria (incl. labial gland biopsy)

Cohen’s kappa 0.565 0.585 0.585 0.584 0.521

% absolute agreement 78.1% 79.2% 79.2% 79.2% 76.0%

Sensitivity 63.3% 67.4% 67.4% 73.4% 73.4%

Specificity 93.6% 91.4% 91.4% 85.1% 74.0%

PPV 91.2% 89.2% 89.2% 83.7% 78.3%

NPV 71.0% 72.8% 72.8% 75.4% 74.0%

LR+ 9.89 7.84 7.84 4.93 2.78

LR- 0.39 0.36 0.36 0.31 0.36

ACR criteria (incl. parotid gland biopsy)

Cohen’s kappa 0.639 0.684 0.705 0.667 0.607

% absolute agreement 82.4% 84.5% 85.6% 83.5% 78.0%

Sensitivity 68.2% 75.0% 77.3% 81.8% 81.8%

Specificity 94.3% 92.4% 92.4% 84.9% 79.2%

PPV 90.9% 89.2% 89.4% 81.8% 76.6%

NPV 78.1% 81.7% 83.1% 84.9% 84.0%

LR+ 11.96 9.87 10.17 5.42 3.93

LR- 0.34 0.27 0.25 0.21 0.23

ACR criteria (incl. labial gland biopsy)

Cohen’s kappa 0.557 0.604 0.627 0.609 0.547

% absolute agreement 78.4% 80.6% 81.7% 80.6% 77.4%

Sensitivity 60.4% 67.4% 69.8% 76.7% 76.7%

Specificity 94.0% 92.0% 92.0% 84.0% 78.0%
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Supplementary Figure 2: Ultrasound total score compared to presence or absence of anti-SSA 
and anti-SSB antibodies. In patients with absence of anti-SSA antibodies, anti-SSB antibodies 
were also absent. In 29 patients anti-SSB antibodies were present.* indicates P value <0.001.

anti-SSA and anti-SSB antibodies

Supplementary Figure 1: Ultrasound total score compared to sialometry. A. UWS flow ≤1.5mL/15min 
versus >1.5mL/min; B. association with UWS total flow ml/min; UWS = unstimulated whole saliva;  
* indicates P value=0.0009. 

UWS UWS






