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ORIGINAL RESEARCH

Sjogren disease

Ultra-high frequency ultrasound of
labial salivary glands in Sjogren’s
disease: diagnostic accuracy and

patient stratification
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ABSTRACT

Background To evaluate the classification accuracy of
ultra-high frequency ultrasound (UHFUS) of labial salivary
glands (LSGs) using both Grey Scale (GS) and colour
Doppler (CD). We also investigated its role as an alternative
to the highest-weighted classification criteria, its
classification performance in combination with SSA status,
its contribution to patient stratification and age-related
classification variability.

Methods A total of 270 patients with suspected Sjogren’s
disease (SjD) (136 SjD, 134 Sicca) underwent UHFUS.

In addition to OMERACT GS (modified to LSG), CD and
composite GS+CD Scores, distinct GS morphological
lesions were assessed. Diagnostic accuracy parameters
were calculated, and additional analyses included
correlation, logistic regression and cluster analysis.
Results The optimal classification cut-off was GS >2,
yielding 66.2% sensitivity and 84.3% specificity. GS Score
3 was highly specific (98.5%), while very hypoechoic
areas were exclusively observed in SjD. CD >2 showed
accuracy comparable to GS, and GS+CD >3 enhanced
accuracy. Incorporating GS into the American College of
Rheumatology/European League Against Rheumatism
criteria in place of biopsy achieved excellent accuracy
(area under the curve 0.945). Using GS, GS+CD and SSA
status, more than 75% of patients could be classified with
an accuracy of 94%. Cluster analysis suggests different
phenotypes: in Sicca, GS positivity indicated non-immune
inflammatory alterations or sialoadenosis; in SjD, GS
negativity defined low-grade inflammation. Classification
accuracy of GS varied with age, whereas CD remained
stable.

Conclusions UHFUS of LSGs is a promising diagnostic
tool in SjD when biopsy is not feasible. This study provides
novel insights into GS lesions, Doppler assessment,
phenotypes and age-related changes of ultrasound.

INTRODUCTION

Sjogren’s disease (SjD) is a systemic autoim-
mune disorder affecting the exocrine glands,
leading to xerostomia and keratoconjunc-
tivitis sicca.' Over the past decade, salivary
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Ultrasound of the major salivary glands is an estab-
lished tool in Sjogren’s disease (SjD).
= lItis also used for patient stratification.

WHAT THIS STUDY ADDS

= Demonstrates the diagnostic value of labial salivary
gland (LSG) ultrasound using ultra-high frequency
probes.

= ldentifies very hypoechoic areas as a specific Grey
Scale (GS) lesion for SjD.

= Shows the added diagnostic contribution of Doppler
assessment in combination with GS scoring.

= May identify distinct phenotypes associated with
ultrasonographic positivity and negativity in both
patients with Sicca syndrome and patients with SjD.

= Highlights the influence of age on ultrasonographic
findings and classification performance.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Supports the implementation of novel GS and
Doppler biomarkers into clinical practice.

= Suggests LSG ultrasound as a feasible alternative to
biopsy when histology is not available.

= Recommends incorporating age-related changes
and different phenotypes into the interpretation of
ultrasonography.

gland ultrasound (SGUS) has emerged as a
valuable imaging tool for the evaluation of
patients with suspected SjD.* Accumulating
evidence indicates that Grey Scale (GS) Score
may be integrated into the American College
of Rheumatology/European League Against
Rheumatism (ACR/EULAR) classification
criteria as an additional item contributing
to disease classification.” * In addition to its
diagnostic role, SGUS positivity has been
associated with distinct clinical and biological
phenotypes.5
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Despite these advances, several limitations persist.
Although colour Doppler (CD) has recently been stan-
dardised, data regarding its value remain limited.® ’
Moreover, ultrasound-based phenotypical stratification
has largely been explored within established SjD cohorts,
whereas its relevance in patients without SjD has not been
systematically investigated. Finally, the alterations related
to age or disease duration may influence GS interpreta-
tion and, consequently, affect diagnostic performance.®*

While the role of SGUS in major salivary glands is well
established, the application of ultra-high frequency ultra-
sound (UHFUS) to labial salivary glands (LSGs) has been
far less extensively studied. Owing to its high-resolution
capabilities, UHFUS enables near-microscopic visual-
isation of minor salivary gland architecture, potentially
enhancing disease identification and patient stratifica-
tion.'"” " Preliminary studies have demonstrated a prom-
ising reliability of UHFUS applied to LSGs; however, its
diagnostic accuracy requires further validation, partic-
ularly in relation to classification criteria and across
different phenotypes.'*

In this context, we comprehensively evaluated the role
of UHFUS of the LSGs in patients with suspected SjD.
Specifically, we assessed the diagnostic performance of
GS and CD based on the Outcome Measures in Rheuma-
tology (OMERACT) scoring system in distinguishing SjD
from Sicca conditions; examined their potential incor-
poration into classification criteria and their diagnostic
relevance in association with anti-SSA antibody positivity;
investigated their value in phenotypical stratification of
both SjD and Sicca subgroups; and analysed how diag-
nostic accuracy varies according to age and the factors
underlying this variability.

METHODS
Study population
This was a cross-sectional study with prospective enrol-
ment conducted at the Rheumatology Unit, University
of Pisa, from January 2018 to December 2023. A total of
375 consecutive patients with suspected SjD underwent
echo-assisted LSG biopsy using UHFUS. For each biopsy,
at least four LSGs were obtained per patient and the
Focus Score (FS) was assessed and considered positive
when equal to or greater than 1."* Serum samples were
collected from all patients and tested for anti-Ro52, anti-
Ro60 and anti-SSB/La antibodies using a commercially
available immunoblot (EUROIMMUN srl). The level of
autoantibodies was analysed using band densitometry. At
enrolment, clinical data were also collected on EULAR
Sjogren’s Syndrome Patient Reported Index, the EULAR
Sjogren’s Syndrome Disease Activity Index (ESSDAI),
ocular tests (Schirmer’s test and break-up time (BUT)),
unstimulated salivary flow rate (USWR) and routine labo-
ratory parameters.

Of the 375 patients initially assessed, 71 were excluded
due to incomplete data on UHFUS evaluation, biopsy
results, SSA status or salivary flow. This left 304 patients

with complete clinical and diagnostic data sets. Among
these, an additional 34 patients were excluded: 26 with
other connective tissue diseases and 8 with alterna-
tive diagnoses (eg, neoplastic, infectious, amyloidosis,
IgG4-related disease or hypereosinophilic syndrome).
Following all exclusions, a total of 270 patients were
included in the final analysis (online supplemental
figure 1). Patients were classified as having either Sicca
syndrome (Sicca) or SjD according to the 2016 ACR/
EULAR classification criteria.'”

Ultra-high frequency ultrasound

UHFUS was performed using a 70 MHz probe of the
VEVO MD system, a device approved for human use.
The lower lip was scanned in three compartments, and
the most severely affected compartment was selected
for UHFUS assessment and biopsy. Since glands within
the same compartment showed comparable ultrasono-
graphic features, UHFUS assessment was performed
at the compartment level rather than by scoring each
individual gland separately. Examinations were video
recorded and independently evaluated by two blinded
experts using Horos Imaging software. In cases of disa-
greement, a third expert was consulted to reach a
consensus.

GS evaluation followed a modified OMERACT scoring
system (GS OMERACT)." Indeed, due to the high
frequency of diffuse inhomogeneity in LSGs with UHFUS,
this feature alone was not considered sufficient to assign
a Score 3. The scoring criteria were as follows: Grade 0,
normal echostructure and echogenicity; Grade 1, mild
abnormalities including diffuse inhomogeneity alone;
Grade 2, hypoechoic areas occupying <50% of the gland;
Grade 3, hypoechoic areas occupying >50% of the gland
(figure 1A). The presence or absence of specific elemen-
tary lesions was systematically recorded. These included:
hypoechoic areas, defined as well-demarcated regions
that appear or disappear with probe movement; diffuse
inhomogeneity, characterised by widespread hypoecho-
genicity in the absence of clearly delineated hypoechoic
areas (though these may coexist); very hypoechoic areas
(VHAs), classified either as ‘multiple very hypoechoic areas’
when large, very hypoechoic regions involved the entire
glandular surface, or as a ‘lymphoma pattern’ when six of
eight predefined suspicious criteria were met, according
to the definitions by Fulvio and Lorenzon;'” '® and hyper-
echoic bands, observed as bright echogenic reflections.'?

Colour Doppler (CD) was scored according to the
OMERACT scoring system (CD OMERACT) for major
salivary glands: Grade 0, no increased vascular signals;
Grade 1, focal dispersed signals; Grade 2, diffuse signals
in <50% of the gland; Grade 3, diffuse signals in >50%
of the gland® (figure 1B). Although specific evidence for
minor salivary glands is limited, we applied the same pres-
canning precautions used for major salivary gland CD
assessment. Patients were asked to avoid eating, chewing
and smoking for atleast 1 hour before the examination. A
combined score (GS+CD OMERACT) was also calculated
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Figure 1 GS, CD and GS+CD scoring systems and classification accuracy. Representative schematic illustrations (left)

and UHFUS images (right) of GS (A) and CD (B) Scores in labial salivary glands. (A) GS Score 0, Normal echotexture and
echogenicity; Score 1, Inhomogeneity without hypoechoic areas; Score 2, Hypoechoic areas involving <50% of the gland;
Score 3, Hypoechoic areas involving >50% of the gland. (B) CD Score: 0, No Doppler signal; Score 1, Focal vascular signals;
Score 2, Diffuse signals in <50% of the gland; Score 3, Diffuse signals in >50% of the gland. Distribution of patients with

Sicca and Sjogren’s disease in GS (C), CD (D), and combined GS+CD Scores (E), showing an increasing prevalence of SjD

with higher scores. Classification accuracy heatmaps for GS (F), CD (G), and combined GS+CD (H) Scores. Each heatmap
shows, across different score thresholds (greater than or equal to, rows), the main diagnostic parameters (columns): sensitivity,
specificity, predictive values (PPV, NPV), and likelihood ratios (LR+, LR-). On the right side of each row are indicated the patient
subgroups analysed: all patients, SSA-positive and SSA-negative. Colour intensity reflects the magnitude of each parameter,
with scale bars shown below each heatmap: sensitivity, specificity, PPV and NPV on the left; LR+ and LR- on the right. Grey
cells indicate cases in which likelihood ratios could not be calculated due to zero values. (I) ROC curve comparing GS, CD, and
GS+CD Scores for classification of SjD according to ACR/EULAR 2016 criteria. The GS+CD Score yielded the highest AUC.
ACR/EULAR, American College of Rheumatology/European League Against Rheumatism; AUC, area under the curve; CD,
colour Doppler; GS, Grey Scale; GS+CD, combined Grey Scale and colour Doppler Score; LR+, positive likelihood ratio; LR-,
negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; SSA, anti-Ro antibodies; SjD, Sjogren’s
disease; ROC, receiver operating characteristic; UHFUS, ultra-high frequency ultrasound.

Fulvio G, et al. RMD Open 2026;12:2006906. doi:10.1136/rmdopen-2026-006906 3



for each patient, based on the sum of the semiquantita-
tive GS Score and the CD Score (range 0-6).

Statistical analysis

Continuous variables were summarised as means with
SD, while categorical variables were presented as percent-
ages. Continuous variables were analysed using analysis
of variance with the Bonferroni post hoc correction, or
the Mann-Whitney or Kruskal-Wallis test, as appropriate.
Categorical variables were compared using the chi-square
test or Fisher’s exact test, as applicable. Correlations
between variables were assessed using Spearman’s rank
correlation coefficient.

Therefore, the analyses assess the performance of
UHFUS in terms of classification accuracy rather than its
ability to establish a definitive clinical diagnosis. The clas-
sification performance of GS, CD and combined GS+CD
Scores was evaluated through sensitivity, specificity, posi-
tive and negative predictive values (PPV, NPV), likelihood
ratios (LR+and LR-), and the area under the receiver
operating characteristic (ROC) curve. The optimal cut-
off point for each score was determined using Youden’s
Index, which was then used to define ultrasonographic
positivity and negativity.

Binary logistic regression was employed for both univar-
iate and multivariate analyses. An exploratory cluster
analysis was also performed using the two-step algo-
rithm. Univariate, multivariate and cluster analyses were
repeated in relevant patient subgroups, as appropriate.
To evaluate the influence of age on classification perfor-
mance, sensitivity, specificity and area under the curve
(AUC) were calculated across age deciles and plotted
using LOESS (locally estimated scatterplot smoothing)
in R with the ggplot2 package. All statistical analyses were
performed using SPSS V.26, unless otherwise specified.
When more advanced plotting was required, GraphPad
Prism V.10 and R were employed.

Ethics

Written informed consent was obtained from all partici-
pants. The study was conducted in accordance with the
Declaration of Helsinki.

RESULTS

Study population

The study population included 136 patients fulfilling SjD
classification criteria and 134 sicca subjects not fulfilling
SjD ACR/EULAR 2016 classification criteria. The groups
were comparable in terms of age and sex distribution,
with a similar female predominance (89.6% vs 89.7%).
The differences between the two groups are summarised
in table 1.

As expected, patients classified as SjD fulfilled a
significantly higher number of ACR/EULAR 2016 clas-
sification criteria compared with Sicca controls (6.0 vs
1.3). Among the individual classification criteria, histo-
logical biopsy demonstrated pronounced differences
as reflected by a higher FS (1.7 vs 0.4). Regarding

autoantibodies, anti-SSA  positivity was observed in
86.8% of patients with SjD compared with 11.2% of
those with Sicca. Ro52 and SSB levels were significantly
higher in the SjD group versus Sicca (0.8 vs 0.2and 0.3
vs 0.0, respectively), while Ro60 levels showed a non-
significant trend (p =0.08). Triple-positive serology
(Rob2+, Ro60+, SSB+) was more frequent in SjD (33.6%
vs 0.7%), whereas seronegative profiles (Ro52-, Ro60-,
SSB-) were predominantly observed in patients with
Sicca syndrome (73.7% vs 11.2%). Functional glandular
impairment was more pronounced in SjD, with a trend
toward lower USWR (p = 0.09) and significantly reduced
Schirmer’s test values (6.2 vs 7.9, p=0.046), although no
significant difference was found for tear BUT. Beyond
classification criteria, patients with SjD showed higher
levels of serum IgG (1467 vs 1182) and greater systemic
disease activity, as reflected by higher ESSDAI Scores
(5.4vs 2.1).

UHFUS distinguishes SjD from Sicca and identifies VHA as a
disease-specific feature

The distribution of UHFUS Scores and elementary
lesions further differentiates the two groups. In patients
with Sicca syndrome, the majority exhibited lower GS
Scores (0 9.7%, 1 74.6%), whereas higher scores were
uncommon. Conversely, patients with §jD showed higher
GS Scores, with 38.2% presenting Score 2and 27.9% Score
3. A similar trend was observed for CD Scores: Score 0
was most common among patients with Sicca syndrome
(66.4%), whereas patients with SjD demonstrated a
higher frequency of elevated CD Scores, with 32.4% at
Score 2 and 22.8% at Score 3.

Across ultrasonographic scores, an inverse relationship
was observed between Sicca and §jD, with a progressive
shift from Sicca to S§jD as the score increased. For the
GS Score, patients with Sicca syndrome predominated at
Scores 0 and 1 (76.5% and 70.4%, respectively), whereas
Scores 2 and 3 were largely composed of patients with §jD
(73.2% and 95.0%) (figure 1C). A similar distribution
was observed for CD Scores: patients with Sicca syndrome
accounted for the majority at Scores 0 (71.8%), while
patients with SjD were predominant at Scores 1 (57.8%),
2 (64.7%) and 3 (93.9%) (figure 1D). The combined
GS+CD Score further confirmed this trend: patients
with Sicca syndrome were most frequently represented
at Scores 0, 1 and 2 (75.0%, 76.6% and 51.4%, respec-
tively), whereas patients with SjD became progressively
more prevalent at higher scores, comprising 55.8% at
Score 3, 71.8% at Score 4, 100% at Score 5 and 96.2% at
Score 6 (figure 1E).

Lastly, when examining individual elementary ultraso-
nographic lesions, significant differences were noted in
all features except for diffuse inhomogeneity, where a
non-significant trend was observed (p =0.08) (table 1).
Notably, VHA were identified exclusively in patients with
SiD (14.8% vs 0%, p < 0.0001; table 1), supporting its role
as a lesion specific to the disease.
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Table 1 Comparison between patients with Sicca and Sjogren’s disease

Study population

Sicca (n=134) SjD (n=136) P value
Age 52.2+14.0 55.0+14.0 0.10
Sex (M/F) 10.45% 10.29% 0.97
GS Score 0 9.70% 2.94%
GS Score 1 74.63% 30.88%
GS Score 2 14.18% 38.24%
GS Score 3 1.49% 27.94%
CD Score 0 66.42% 25.74%
CD Score 1 14.18% 19.12%
CD Score 2 17.91% 32.35%
CD Score 3 1.49% 22.79% <0.01
Hypoechoic areas 15.7% 65.9% <0.01
VHA 0.00% 14.81% <0.01
Diffuse inhomogeneity 53.0% 63.7% 0.08
Hyperechoic bands 30.6% 60.0% <0.01
FS 0.4+0.5 1.71.6 <0.01
FS >1 5.22% 72.06% <0.01
SSA+ 11.19% 86.76% <0.01
Ro52 level 0.3+0.4 0.8+0.6 <0.01
Ro60 level 0.2+0.3 0.5+0.5 0.08
SSB level 0.0+0.1 0.2+0.3 0.04
Seronegative 73.68% 11.19%
Ro60 isolated 3.01% 12.69%
Ro52 isolated 3.01% 28.36%
Double positive (Ro52/Ro60) 3.76% 11.94%
Triple positive (Ro52/Ro60/SSB) 0.75% 33.58%
Atypical antibodies 15.79% 2.24%
USWR (mL/min) 2.7+2.3 2.2+2.1 0.09
USWR <0.1 mL/min 38.06% 48.53% 0.08
BUT (s) 7.5+3.9 6.9+3.3 0.49
Schirmer (mm/5 min) 7.9+5.1 6.2+4.2 0.05
N° ACR/EULAR criteria 1.3+1.1 6.0+1.5 <0.01
19G (mg/dL) 1182.8+336.6 1467.3+634.4 <0.01
IgM (mg/dL) 126.7+£108.0 130.5+90.5 0.82
RF (IU/mL) 23.3+35.7 24.2+31.2 0.87
ESSDAI 2.1£3.2 5.4+5.8 <0.01
VAS dryness 6.3+2.4 6.0+2.6 0.35
VAS eye 6.3+3.0 6.3+2.9 0.84
VAS mouth 6.3+2.6 6.1+2.9 0.59
VAS fatigue 6.6+2.5 6.3+2.8 0.32
VAS pain 6.2+2.8 5.6+3.3 0.14
ESSPRI 6.3+2.2 6.0+2.4 0.25

Bold values indicate statistically significant p-values (p<0.05).

ACR/EULAR, American College of Rheumatology/European League Against Rheumatism; BUT, break-up time; CD, colour Doppler; ESSDAI, EULAR Sjogren’s
Syndrome Disease Activity Index; ESSPRI, EULAR Sjégren’s Syndrome Patient Reported Index; FS, Focus Score; GS, Grey Scale; N° ACR/EULAR criteria, number
of classification criteria met according to the ACR/EULAR 2016; N° of foci, number of foci; RF, rheumatoid factor; SjD, Sjégren’s disease; USWR, unstimulated
salivary flow rate; VAS, Visual Analogue Scale; VHA, very hypoechoic areas.
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UHFUS reveals LSG classification accuracy

To determine whether UHFUS, when applied to LSGs,
yields classification performance comparable to that
reported for major SGUS, we evaluated the accuracy
of the GS Score, CD Score and GS+CD Score. We then
examined how the accuracy varied according to serolog-
ical status, specifically the presence or absence of SSA
antibodies.

For GS Score, the optimal cut-oftf was >2 with a sensi-
tivity of 66.2%, specificity of 84.3%, PPV of 81.1% and
NPV of 71.1% in the overall population (figure 1F). GS
Score 3 was highly specific (98.5%) and associated with
an elevated PPV (95.0%) and an LR+ of 18.7, indicating
strong confirmatory value for §jD. Conversely, GS Score
>] showed high sensitivity (97.1%) and the best NPV
(76.5%), with an LR~ of 0.30, supporting the utility of
Score 0 for disease exclusion. When GS Scores were
stratified by serological status, the cut-off 22 maintained
classification performance, with minimal variation in
sensitivity (66% overall; 67% SSA-; 66% SSA+) and speci-
ficity (84% overall; 85% SSA—; 80% SSA+). However, strat-
ification improved predictive values: in SSA- patients,
NPV increased to 94.4%, while in SSA+ patients, PPV
increased to 96.3%. Notably, GS Score 0 was exclusively
observed in SSA- patients with Sicca, and GS Score 3
occurred only in SSA+ patients with confirmed SjD

CD scoring showed diagnostic accuracy comparable
to GS at the optimal cut-off of 22, with a sensitivity of
55.1%, specificity of 80.6%, PPV of 74.3%, and NPV of
63.9% (figure 1G). However, at the lower cut-off of >1,
CD showed markedly higher specificity than GS (66% vs
10%), suggesting a potentially greater specificity of the
lower CD Scores.

Combining GS and CD Scores into a composite score
further enhanced classification performance. The
optimal cut-off was 23, yielding a sensitivity of 67.6%, spec-
ificity of 76.9%, PPV of 74.8% and NPV of 70.1%. Like
GS scoring, the combined GS+CD evaluation demon-
strated high predictive values when stratified by serolog-
ical status: PPV reached 95% in SSA-positive patients,
while NPV increased to 94% in SSA-negative individuals.
Similar to GS and CD Scores, the GS+CD Score followed
a progressive trend with increasing cut-off values: sensi-
tivity and positive likelihood ratios improved, whereas
specificity and negative likelihood ratios declined.
However, compared with GS and CD Scores, the GS+CD
Score demonstrated a more gradual transition, allowing
for finer stratification (figure 1H). Finally, ROC curve
analysis confirmed the highest AUC for the combined
GS+CD Score (AUC 0.788), followed by GS Score alone
(AUC 0.773), and CD Score alone (AUC 0.742), thus
supporting a synergistic effect when both imaging modal-
ities are used together (figure 1I).

GS Score as a potential alternative to biopsy within the ACR/
EULAR 2016 criteria

After confirming the role of UHFUS as a classification
tool, we explored its role in modified ACR/EULAR

models excluding either FS or anti-SSA antibody posi-
tivity. Only patients with complete ocular test data were
included and ocular test positivity was defined as at least
one abnormal test. For this analysis, we used the cut-offs
previously determined: GS > 2, CD = 2, GS+CD Score > 3.
Following previous studies,”* we first assessed the weight
of each ultrasonographic score to ACR/EULAR classi-
fication fulfilment using logistic regression models. As
expected, FS and SSA demonstrated the highest ORs,
whereas GS 22, CD 22 and GS+CD 23 yielded interme-
diate ORs, closely aligning with those of minor criteria
(figure 2A, online supplemental table 1). This suggests
that labial gland UHFUS positivity has a weight equiva-
lent to minor criteria (ie, 1 point).

Next, we compared models excluding either FS or
anti-SSA antibody positivity. As expected, correlation
analysis revealed the strongest association between GS,
CD and GS+CD Scores and FS (Spearman’s p = 0.53—
0.64), more than Ro52 and Ro60 level or minor criteria
(figure 2B), consistent with the fact that both assess-
ments evaluate LSG involvement. To confirm these
correlations, UHFUS variables were included in logistic
regression models predicting FS >1and SSA positivity.
GS=22, CD=2 and GS+CD=3 emerged as the strongest
predictors of FS 21 (figure 2C), whereas SSA positivity
was best predicted by FS >1 (figure 2D). Moreover, the
OR for GS 22 in predicting FS 21 (online supplemental
table 2, OR=13.83, p<0.001) was markedly higher
than for SSA+ (online supplemental table 3, OR = 5.56).
To further evaluate UHFUS as a potential substitute
for either FS or SSA in the ACR/EULAR classification
criteria, we performed multivariate regression analyses
incorporating GS >2, CD >2and GS+CD 23 in place of
each highest-weighted classification item. Multivariate
analysis showed that GS >2 was a predictor of criteria
fulfilment, showing a stronger association when replacing
FS (OR =4.15, 95% CI 1.45 to 11.93, p=0.01) than when
replacing SSA (OR =3.14, 95% CI 1.19 to 8.29, p=0.02)
(online supplemental tables 4 and 5). CD >2 was border-
line significant only in the FS-replacement model and
not significant when SSA was removed. GS+CD >3 was
not included in final multivariate models, likely due to
redundancy with GS or CD alone. Overall, these analyses
suggest that UHFUS, particularly GS Score, may perform
better when incorporated into the ACR/EULAR criteria
as a replacement for biopsy rather than SSA. In contrast,
the CD Score may offer additional value only in scenarios
where FS is excluded.

Based on these findings, we calculated the accuracy for
modified ACR/EULAR criteria, assigning one point to
GS 22 while removing either FS or SSA. When UHFUS
replaced the biopsy, classification performance was excel-
lent (AUC =0.945, figure 2EJF), whereas, as expected,
its substitution for SSA yielded lower accuracy (AUC
=0.887, figure 2E, online supplemental table 6). The cut-
off of the modified criteria remained unchanged at four
points, consistent with the original ACR/EULAR criteria
(figure 2F). Adding one point for CD modestly improved
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8 Sjogren disease
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Integration of UHFUS in place of the FS within ACR/EULAR 2016 criteria and its classification value in combination

with SSA. (A) Forest plot showing ORs, 95% CI from univariate logistic regression models assessing the weight of individual
ACR/EULAR 2016 classification items and UHFUS-derived parameters (GS, CD, GS+CD Scores) to overall classification criteria
fulfilment. (B) Spearman correlation plot illustrating the relationships between UHFUS Scores (GS, CD and GS+CD), FS, Ro52
and Ro60 antibody levels, Schirmer’s test and unstimulated salivary flow. The strongest correlations were observed between
UHFUS Scores and glandular inflammation. The diameter of each circle represents the strength of the correlation, while the
colour indicates the corresponding Spearman correlation coefficient (r). Statistically significant correlations are marked with

p values displayed inside the circles: *p<0.05, **p<0.01, **p<0.001. (C, D) Forest plots from univariate logistic regression
evaluating the ability of UHFUS parameters to predict histological inflammation (FS >1, (C) and SSA positivity (D). GS >2was
more strongly predictive of glandular inflammation than of anti-SSA seropositivity. (E) ROC curves comparing classification
performance of modified ACR/EULAR algorithms replacing major classification criteria (FS or SSA) with GS. Replacing the
biopsy with GS >2 achieved the highest AUC. (F) Heatmap illustrating the classification performance of models incorporating
GS in place of the FS. Rows represent different thresholds (greater than or equal to), while columns display key metrics:
sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV). (G) Patient distribution across four
subgroups based on GS Score + (positive if GS >2) and SSA status. Concordant profiles (GS—-SSA-, GS+SSA+) were correctly
classified in nearly all cases as Sicca or Sjogren’s, respectively. Further refinement of discordant subgroups GS+SSA- (H) and
GS-SSA+ (1) using the GS+CD Score (GSCD+, defined as GS+CD >3), which improved classification accuracy. (J) Proposed
diagnostic algorithm integrating GS, SSA and GS+CD Scores. ACR/EULAR, American College of Rheumatology/European
League Against Rheumatism; AUC, area under the curve; Bx, biopsy; CD, colour Doppler; FS, Focus Score; GS, grey scale;
GS+CD: combined grey scale and colour Doppler Score; SSA, anti-Ro antibodies; ACR/EULAR 2016 w/o FS+GS, ACR/
EULAR criteria modified by replacing the FS with GS; GS+, GS Score>2; GS-, GS Score<2; GSCD+, GS+CD Score >3; GSCD-
, GS+CD Score<3; ROC, receiver operating characteristic; SjD, Sjégren’s disease; UHFUS, ultra-high frequency ultrasound;
USWR+, unstimulated salivary flow rate positivity; w/o FS+GS, modified classification excluding FS and including GS Score;
w/o SSA+GS, modified classification excluding SSA and including GS Score.
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AUC only in the biopsy-free model (0.948 vs 0.945),
with no additional benefit in the absence of SSA (online
supplemental figure 2). Lastly, we evaluated whether
assigning higher weight (eg, 2 points) to GS improved
classification performance, but this approach did not
yield superior accuracy (online supplemental figure 3),
confirming the results of the logistic regression.

LSG UHFUS and SSA may avoid biopsy in over 75% of patients
Given the excellent classification performance of LSG
UHFUS when used in combination with SSA status and
minor criteria, we assessed its potential to classify patients
using only ultrasonographic findings and SSA serology.
As previously demonstrated, both the GS Score and the
composite GS+CD Score, in combination with SSA status,
exhibit high predictive value, both positive and negative.

Patients were first stratified according to GS Score posi-
tivity (GS = 2, ie, GS+) or negativity (GS < 2, that is, GS-)
in relation to SSA positivity (SSA+ or SSA-). Among the
270 patients, four principal subgroups were identified. In
the two concordant groups, GS+SSA+ (n = 81) and GS-
SSA- (n =107), classification was accurate in 179 out of
188 cases (95%), representing 69% of the total cohort
(figure 2G).

In the discordant groups (GS+SSA-and GS-SSA+), GS
and SSA alone were not sufficiently discriminative; there-
fore, we further stratified patients using the composite
GS+CD Score, considering it as positive (GSCD+, ie,
GS+CD > 3) or negative (GSCD-, ie, GS+CD < 3). In
GS+SSA-patients, a negative composite Score (GSCD-)
was associated with Sicca, correctly classifying 80% of
the patients (4/5) (figure 2H). Conversely, in GS-SSA+
patients, a positive composite Score (GSCD+) was predic-
tive of SjD, correctly classifying 10 of 12 patients (83%)
(figure 2I). These findings indicate that when the GS+CD
Score is concordant with SSA status, even if GS alone is
discordant, it can refine classification. However, in cases
where both GS and GS+CD Scores were discordant with
SSA status (ie, GS+SSA- GSCD+ and GS-SSA+GSCD-),
UHFUS was unable to correctly classify patients.

Based on these observations, we proposed a clinical
algorithm: patients with GS-SSA- or GS+SSA-GSCD-
could be classified as Sicca; those with GS+SSA+ or
GS-SSA+GSCD+ as §jD; while the other patients (GS-
SSA+GSCD-, GS+SSA-GSCD+) should be considered for
biopsy. Using this approach, 76% of the cohort (205,/270)
could be classified without biopsy and minor criteria, with
a correct classification rate of 94% (193/205) (figure 2]).

In patients with Sicca syndrome, positive GS identified

two distinct phenotypes: one characterised by glandular
inflammation and the other by age-related damage

After exploring the implications of positive and nega-
tive UHFUS Scores in differentiating Sicca from §jD, we
next focused on the significance of GS positivity within
the Sicca population. As in prior analyses, we adopted
a GS Score 22 as the threshold for ultrasonographic
positivity, thereby distinguishing GS— Sicca from GS+

patients with Sicca syndrome (online supplemental
table 7). Among patients with Sicca syndrome, patients
with a positive GS Score were significantly older (64.9
vs 49.9), had a higher FS (0.8 vs 0.4), fulfilled more
ACR/EULAR criteria (1.8 vs 1.2) and showed a trend
towards reduced USWR (1.9 vs 2.8, p=0.08). In addi-
tion, GS+ patients with Sicca syndrome exhibited more
pronounced UHFUS abnormalities, including higher
CD Scores (47.6% vs 14.2%, patients with CD Score >2),
more frequent diffuse inhomogeneity (81.0% vs 47.8%)
and a trend for increased presence of hyperechoic
bands (p=0.07).

To better understand the determinants of GS positivity
in Sicca, we performed a correlation analysis (figure 3A).
The strongest associations were observed with age
(p=0.42) and FS (p=0.31). In a multivariate logistic
regression model including all candidate variables, only
age (OR=1.11 per year, 95% CI 1.05 to 1.18, p=0.00) and
FS (OR=4.03, 95%CI 1.15 to 14.1, p=0.03) remained
significant predictors of GS Score >2 (figure 3B, online
supplemental table 8).

To further explore the heterogeneity within the GS+
Sicca group, we conducted a cluster analysis based on
the most significant variables (p<0.10): age, FS, USWR
and the number of ACR/EULAR criteria fulfilled.
Two distinct clusters were identified (figure 3C, online
supplemental figure 4). Cluster 1 was characterised by
a higher FS (1.4), more ACR/EULAR criteria (2.9)
and a higher CD Score (2.0) compared with GS- Sicca.
Despite these differences, the frequency of UHFUS
abnormalities such as hyperechoic bands (28.6%) and
diffuse inhomogeneity (42.9%) was similar to the GS-
group. In contrast, Cluster 2 included older patients
(68.8), with lower salivary flow (1.3), confirming the
inverse correlation found between age and USWR
(p =-0.34, figure 3A). Cluster 2 also exhibited more
frequent UHFUS abnormalities, which were present in
all patients (100%) and a higher frequency of hypere-
choic bands (57.1%), although this was not statistically
significant. To further assess whether Cluster 1 Sicca GS+
overlapped with classified SjD, we performed a targeted
comparison with §jD GS- and SjD GS+ patients using
selected classification-related variables (online supple-
mental table 9). Cluster 1 Sicca GS+ showed glandular
inflammatory features, with a mean FS of 1.40 and FS
positivity in 42.9% of patients, partially overlapping with
SjD GS- patients. However, it had fewer ACR/EULAR
criteria and lower SSA, salivary flow and ocular involve-
ment than SjD subgroups, supporting its interpretation
as an inflammatory Sicca phenotype.

These findings suggest that GS positivity in patients with
Sicca syndrome may identify two distinct subgroups in
the absence of overt immunological features: one exhib-
iting low-grade glandular inflammation, and another
defined by advanced age, functional salivary impairment
and ultrasonographic glandular damage.
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8 Sjogren disease

In patients with SjD, negative GS differentiates two
phenotypes with low salivary gland inflammation: patients
with low immunological activity mostly Ro-52 isolated and
young triple positive patients with high immunological
activity

After evaluating the relevance of UHFUS in patients with
Sicca syndrome, we investigated whether a positive GS
Score further stratifies patients within the SjD group. As
previously, we adopted a GS Score 22 as the threshold to
define ultrasonographic positivity. Among patients with
SjD, we first compared those with GS positivity to GS nega-
tivity (online supplemental table 10). Several significant
differences emerged: compared with GS+ patients, SjD
GS- patients were younger (51.4 vs 56.9), had lower FS
(0.8 vs 2.1), lower Ro60 level (0.3 vs 0.6), more frequent
isolated Ro52 positivity (50.0% vs 17.1%) and a lower
frequency of triple positive (15.2% vs 43.2%). Moreover,
they exhibited areduced number of ACR/EULAR criteria
(5.2 vs 6.4), lower rheumatoid factor (12.6 vs 31.0) and
lower ESSDAI (3.5 vs 6.5). These patients also differed
in terms of ultrasonographic features: GS— patients less
frequently showed CD 22 (23.9% vs 71.1%), hyperechoic
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bands (32.6% vs 74.2%), diffuse inhomogeneity (43.5%
vs 74.2%) and VHAs (0.0% vs 22.47%).

To identify variables associated with GS negativity in
SjD, we performed correlation and multivariate anal-
yses. Among all parameters, GS Score showed the stron-
gest correlation with FS (p=0.64), while the weakest
significant correlation was observed with age (p=0.23)
(figure 4A). However, in multivariate regression analysis,
only FS (OR =5.13, 95% CI 1.93 to 13.57, p < 0.001) and
age (OR=1.06,95%CI 1.00 to 1.17, p = 0.04) remained
independently associated with GS Score positivity
(figure 4B, online supplemental table 11).

Following the same approach applied to patients
with Sicca syndrome, we next investigated whether GS-
patients with §jD could be further stratified into distinct
subgroups. A cluster analysis conducted on GS- patients,
including only those with complete data, identified two
groups (online supplemental figure 5, figure 4C,D).
Compared with GS+ patients with §jD, Cluster 1 was char-
acterised by younger age (39.2), higher SSB level (0.4), a
similar level of systemic activity measured by ESSDAI (4.8)
and a reduced FS (0.8). All patients had a triple-positive
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UHFUS identifies subtypes within patients with Sicca syndrome based on Grey Scale Score positivity. (A) Spearman
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correlation plot in patients with Sicca syndrome showing associations between UHFUS-derived parameters (GS, CD, GS+CD
Scores) and age, number of ACR/EULAR classification criteria, FS and unstimulated salivary flow. GS Score correlates most
strongly with age and FS. The diameter of each circle represents the strength of the correlation, while the colour indicates the
corresponding Spearman correlation coefficient (r). Statistically significant correlations are marked with p values displayed
inside the circles: *p<0.05, **p<0.01, **p<0.001, ***p<0.0001. (B) Forest plot from multivariate logistic regression (stepwise
method) evaluating the ability of age, number of ACR/EULAR classification criteria, FS and unstimulated salivary flow to predict
Grey Scale Score positivity in patients with Sicca syndrome. Age and FS were independently associated with GS positivity,
suggesting that both contribute to glandular ultrasound abnormalities. ACR/EULAR criteria and USWR were excluded from
the final model due to lack of statistical significance (C) Comparison between the two clusters identified among patients with
Sicca syndrome with positive Grey Scale Scores (GS > 2) and patients with Sicca syndrome with negative GS Scores (GS < 2).
Cluster 1 exhibited features consistent with low-grade inflammation, including higher FS and increased CD signal. Cluster 2
was characterised by older age, reduced salivary flow and a higher prevalence of UHFUS abnormalities, such as hyperechoic
bands and diffuse inhomogeneity, consistent with age-related glandular remodelling. ACR/EULAR, American College of
Rheumatology/European League Against Rheumatism; CD, colour Doppler; FS, Focus Score; GS, Grey Scale; GS+CD:
combined Grey Scale and colour Doppler Score; UHFUS, ultra-high-frequency ultrasound; USWR, unstimulated salivary flow
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Figure 4 Negative UHFUS Grey Scale Score identifies distinct phenotypes within patients with Sjégren’s disease.

(A) Spearman correlation plot in patients with SjD displaying relationships between UHFUS-derived parameters (GS, CD,
GS+CD Scores) and clinical variables including age, FS, number of ACR/EULAR Classification Criteria fulfilled, serological
levels (Ro52, Ro60), rheumatoid factor and systemic activity. Grey Scale Score positivity correlated most strongly with FS.
Circle size represents correlation strength, while colour indicates the Spearman coefficient (r). Significant correlations are
annotated with p values (*p<0.05, **p<0.01, ***p<0.001, ***p<0.0001).(B) Forest plot of multivariate logistic regression (stepwise
method) assessing independent predictors of GS positivity (GS >2) among patients with SjD. Only FS and age emerged as
significant predictors. Other variables were excluded from the final model due to lack of statistical significance. (C) Comparison
between the two clusters identified among patients with SjD with negative Grey Scale (GS) Scores (GS < 2) and patients with
SjD with positive GS Scores (GS > 2). Cluster 1 included younger individuals with high immunological activity despite low GS
Score and modest FS, while Cluster 2 was composed of patients with lower disease activity, although differences did not

reach statistical significance. (D) Distribution of serological subtypes across GS- clusters and GS+ patients with SjD. Subtypes
included: seronegative (no autoantibodies), Ro52 isolated (Ro52+only), Ro60 isolated (Ro60+only), double positive (Ro52+and
Ro60+), triple positive (Ro52+, Ro60+ and SSB+) and atypical autoantibodies (associated with other autoimmune conditions).
All patients in Cluster 1 exhibited triple seropositivity, whereas Cluster 2 showed a higher prevalence of isolated Ro52+ profiles.
ACR/EULAR, American College of Rheumatology/European League Against Rheumatism; CD, colour Doppler; ESSDAI, EULAR

Sjogren’s Syndrome Disease Activity Index; FS, Focus Score; GS, Grey Scale; GS+CD, combined Grey Scale and colour
Doppler Score; RF, rheumatoid factor; SjD, Sjogren’s disease; SSA, anti-Ro/SS-A; SSB, anti-La/SS-B; UHFUS, ultra-high

frequency ultrasound.

serological profile (Ro52+, Ro60+ and SSB+). Further-
more, Cluster 1 had higher immunoglobulin levels than
Cluster 2 (2038+517vs 1225+235). Although not statisti-
cally significant, they also showed fewer ultrasonographic
abnormalities compared with GS+ patients. Cluster 2,
when compared with GS+ patients with SjD, predom-
inantly included patients with isolated Rob52 positivity
(61.1%) and was associated with lower FS (0.9), fewer
fulfilled ACR/EULAR criteria (5.4) and a trend towards
reduced ESSDAI (2.8; p =0.06). Moreover, this group,

compared with both Cluster 1 and GS+ patients with §jD,
revealed significantly lower Ro60 (0.1) levels, SSB (0.1)
levels, reduced RF levels (9.3), with a non-significant
trend towards lower Ro52 levels (0.6; p=0.06). Regarding
ultrasound abnormalities, these patients demonstrated
lower CD Scores (0.6), fewer hyperechoic bands (27.8%)
and diffuse inhomogeneity (38.9%) when compared
with GS+ §jD cases.

Overall, these findings may indicate that GS— patients
with SjD encompass two distinct phenotypes, both
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8 Sjogren disease

marked by reduced histopathological and ultrasono-
graphic abnormalities. One subgroup consists of younger,
immunologically active individuals with triple antibody
positivity and a systemic involvement comparable to GS+
SjD, whereas the second subgroup is composed mainly of
patients with isolated Rob2 positivity, showing lower sero-
logical activity.

GS Score classification accuracy is influenced by age

Given that FS and age were independently associated
with GS Score positivity in both patients with Sicca and
patients with SjD, we investigated whether age might
influence the classification performance in individuals
with suspected SjD. All analyses were conducted using
the previously determined cut-offs for GS Score (=2),

evaluate interaction effects, logistic regression models
were applied, incorporating interaction terms between
age and GS Score. In the study population, the inter-
action term between age and GS Score positivity was
significant (OR =0.94; 95% CI 0.89 to 0.99; p =0.016),
indicating that increasing age reduces the classification
contribution of GS Score (online supplemental table 12).
Based on this model, we calculated predictive probabili-
ties: with advancing age, the PPV of a positive GS Score
progressively declined, while the NPV of a negative score
declined only slightly (figure 5A).

To further explore age-related classification variability,
we assessed how sensitivity, specificity, and AUC for GS
Score changed across age. Classification metrics were

CD Score (22) and the combined GS+CD Score (=3). To computed across age deciles (online supplemental figure
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and the interaction term GS Score positivity x age. The plot shows two smoothed curves: one for GS Score positive (red) and
one for GS Score negative (blue) patients. The model demonstrates a decline in the predictive value of GS Score positivity with
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6) and visualised using LOESS regression (figure 5B).
Specificity showed a progressive decline with age, while
sensitivity increased. Despite this, the area under the
ROC curve (AUC) remained relatively stable.

Given the non-normal age distribution and the observed
inflection around the median age, we stratified patients
into two groups: <55 years and >55 years. No statistically
significant difference was observed in the proportion
of patients classified as SjD between the younger (<55
years) and older (>55 years) groups (47.3% vs 54.1%;
figure 5C). However, the frequency of GS Score positivity
was significantly higher in the older group (30.4% vs
54.1%), while no significant difference was found for CD
Score positivity (p = 0.395; figure 5D).

We then compared ROC curves and classification
metrics between age groups. For the GS Score, the
AUC was comparable in younger and older patients
(AUC=0.776 vs 0.767; figure 5EF), although curve
shapes differed. Indeed, sensitivity was lower in younger
individuals (57.1% vs 75.8%), whereas specificity was
lower in the older group (71.4% vs 93.6%) (figure 5F).
Conversely, CD Score and GS+CD Score performance
was stable across age, with no significant differences
in sensitivity (CD: 52.9% vs 57.6%; GS+CD: 61.4% vs
74.2%), specificity (CD: 80.8% vs 80.4%; GS+CD: 79.5%
vs 73.2%) or AUC (CD: 0.718 vs 0.768; GS+CD: 0.763 vs
0.789) (figure 5F and online supplemental figures 7 and
8).

We also compared clinical, serological and ultrasono-
graphic features between the two age groups. Younger
patients had significantly higher levels of IgG (1405.5 vs
1268.5), SSB antibody levels (0.2 vs 0.1), a trend towards
higher Ro60 levels (0.5 vs 0.3), and these features were
similar to Cluster 1 GS- SjD. In contrast, older patients
exhibited reduced unstimulated salivary flow (2.8 vs 2.0),
along with more frequent ultrasonographic abnormal-
ities, diffuse inhomogeneity (80.99% vs 39.86%) and
hyperechoic bands (58.68% vs 34.46%);these features
were similar to Cluster 2 GS+ Sicca (online supplemental
table 13).

In summary, while the classification performance based
on GS Score appears to be influenced by age, the accu-
racy of CD Score remains stable across age groups. The
lower sensitivity of GS Score in younger patients, who
tend to exhibit higher immunological activity, may reflect
the presence of §jD Cluster 1 individuals with GS-nega-
tive profiles. In contrast, the reduced specificity observed
in older patients, with diminished salivary flow and more
ultrasonographic abnormalities, may be attributable to
the inclusion of Sicca Cluster 2 cases, characterised by GS
Score positivity.

DISCUSSION

This study demonstrates that UHFUS of the LSGs is
a promising tool for the diagnosis and stratification of
patients with SjD.

Histological evaluation of the LSGs remains the gold
standard for diagnosis, primarily through the FS. Recent
studies have shown that FS can serve as a diagnostic
biomarker not only in LSGs but also in other glands, such
as the parotid. Moreover, additional diagnostic histolog-
ical biomarkers have been proposed.*’ ' In this study, we
aimed to replicate this approach using ultrasound. First,
we demonstrated that the OMERACT GS Score used for
major salivary glands can also be applied to LSGs. The
optimal cut-offwas confirmed to be >2, in line with previous
data on major salivary glands.”* This cut-off confirmed
that patients with GS >2were more frequently classified
as SjD, with high specificity and good accuracy, consistent
with previous SGUS data. Second, we expanded our anal-
ysis to include additional ultrasonographic biomarkers in
GS and CD. In GS, we found that a score of 3 was highly
specific for §jD (99%), and that VHAs were found only in
patients with SjD. Literature suggests that VHAs are asso-
ciated with lymphoproliferative risk.'” ' However, their
histopathological counterpart remains to be established,
and dedicated imaging—histology correlation studies
are needed to clarify their biological meaning.*” To our
knowledge, this is the first study to systematically describe
VHA in labial glands using UHFUS, supporting their
potential as a novel imaging biomarker of §jD. Regarding
CD, we evaluated the OMERACT CD Score and identi-
fied an optimal cut-off of >2, which demonstrated good
specificity. Although the literature on CD scoring in
major salivary glands remains limited due to its recent
development, our findings indicate that its classification
performance is comparable to that of the GS OMERACT
Score. Importantly, CD may provide additional infor-
mation. Interestingly, a CD Score >1 outperformed GS
Score >1in specificity, in line with early paediatric S§jD
data.® Furthermore, the combination of GS and CD into
a composite Score (GS+CD OMERACT), with an optimal
cut-off of 23, resulted in a higher AUC compared with GS
or CD alone. Taken together, our findings suggest for the
first time that in SGUS, it is essential not only to consider
the GS OMERACT Score, but also to integrate additional
GS and Doppler biomarkers. Intriguingly, this is the first
study to demonstrate the added diagnostic value of inte-
grating GS and CD Scores in labial glands with UHFUS.

Currently, no diagnostic criteria for SjD are available,
and ultrasound has been proposed as a diagnostic tool
either to replace certain classification criteria or to be
used in combination with SSA status. In line with SGUS
literature, we showed that a LSG GS OMERACT Score >2
could hypothetically be incorporated into the classifica-
tion criteria with a value of 1 point.”* Replacing biopsy
with GS yielded an AUC of 0.945, whereas replacing SSA
resulted in a lower AUC of 0.887. The superior perfor-
mance as a replacement for biopsy is likely explained
by the strong correlation between UHFUS findings
and histology.” For the first time, we also evaluated CD
OMERACT (>2) and the composite GS+CD OMERACT
Score (=3) as potential replacements in classification
criteria, but they did not add substantial value over GS
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alone. We also investigated the utility of UHFUS in combi-
nation with SSA status alone. Concordance between the
GS OMERACT Score and SSA status demonstrated strong
predictive value; specifically, GS+SSA+ was highly indica-
tive of SjD, while GS-SSA- of Sicca. While these findings
align with previous SGUS studies, our study uniquely
adds the inclusion of the CD OMERACT Score.”' ** In
discordant cases (GS+SSA-or GS-SSA+), the composite
score (GS+CD OMERACT) helped to further distinguish
patients. Notably, concordance between composite score
and SSA was strongly predictive: (GS—, GSCD+SSA+) for
SjD and (GS+, GSCD- SSA-) for Sicca. We subsequently
proposed a flow chart relying solely on UHFUS and SSA
status, which allowed accurate classification in approxi-
mately 75% of patients, with an overall classification accu-
racy of 94%.

We also sought to understand why GS OMERACT posi-
tivity may be discordant with SjD classification. In patients
with Sicca syndrome, positive GS identifies a subgroup with
histological glandular abnormalities not associated with
immunological alterations. Specifically, we identified one
cluster with glandular inflammation but lacking the typical
SjD-associated serological profile and reduction in glan-
dular function (Cluster 1 Sicca GS+), and another cluster of
older patients with ultrasound and functional signs of glan-
dular damage but no evidence of inflammation (Cluster 2
Sicca GS+). This suggests that in patients with GS +, non-
autoimmune causes of sialadenitis or sialadenosis should be
considered in the differential diagnosis.***” In SjD, patients
with negative GS had lower FS. Two subgroups were iden-
tified: one of young, triple-positive patients with higher
immunological activity (Cluster 1 SjD GS-), and another
mainly composed of Ro52+ patientswith low immunological
activity (Cluster 2 §jD GS-). Prior studies have suggested
that SSA+ patientswith negative FS may represent early stage
disease, explaining Cluster 1 findings.”® In contrast, Cluster
2 matches a recently described phenotype of isolated Ro52+
patientswith milder disease activity.* Analogous findings
have been reported in SGUS, where patients with SjD with
negative ultrasound correspond to a milder phenotype.”
However, unlike SGUS studies, which typically assess major
glands by ultrasound and minor glands histologically, our
study evaluates both imaging and histology on the same
gland. Therefore, it can be hypothesised that in such
cases, ultrasound closely reflects gland-specific histological
changes than global disease classification.

Finally, we assessed classification performance in relation to
age. With increasing age, specificity decreased; with younger
age, sensitivity decreased. When stratified by median age,
younger patients resembled Cluster 1 SjD GS-, while older
patients resembled Cluster 2 Sicca GS+. Thus, reduced sensi-
tivity in younger individuals may reflect early SjD with mild
glandular inflammation, while reduced specificity in older
patients may result from non-immune glandular damage
and activity. Importantly, CD performance remained unaf-
fected by age, indicating that it may serve as a diagnostic tool
alongside GS across all age groups. Importantly, we show
for the first time that classification performance of UHFUS

varies with age, a novel observation that may have implica-
tions for interpretation of salivary gland ultrasonography in
younger versus older patients.

Despite these encouraging findings, several limitations
must be acknowledged. First, UHFUS is not yet widely
implemented in routine practice, and the use of ultra-
high frequency probes remains limited. Nonetheless,
recent-generation machines with high-frequency (though
not ultra-high) probes are generally sufficient to visualise
L.SGs.” Moreover, UHFUS is under investigation in other
rheumatological settings and may become a versatile tool
in specialised clinics.™** Second, although VHAs emerged
as a novel and highly specific ultrasonographic biomarker,
their precise histopathological counterpart remains to be
established. Dedicated imaging-histology correlation studies
are warranted to confirm this relationship. Third, this was a
single-centre study, the proposed OMERACT cut-off values
were data-driven, and the cluster analyses were explor-
atory, factors that may limit generalisability. Therefore, the
identified subgroups should be interpreted as hypothesis-
generating, and require confirmation in independent
cohorts. Nonetheless, the cohort was large and consecutively
enrolled, the results overall are consistent with multicentre
data on major SGUS, and they confirm preliminary evidence
on minor salivary glands assessed by UHFUS. Another limita-
tion is that major SGUS was not systematically performed.
Therefore, we could not compare ultrasound abnormalities
between major and minor salivary glands. Prospective multi-
centre studies integrating imaging, serology and histopa-
thology are needed to validate our findings, while dedicated
comparative studies across exocrine glands should clarify the
relationship between major and minor salivary gland involve-
ment in §jD.

In conclusion, from a research perspective, this is the
first study to systematically demonstrate the role of VHA,
Doppler signal and age-related changes in SGUS. From a
clinical standpoint, UHFUS may serve as an emerging tool
within tertiary referral centres, particularly when biopsy is
not feasible or available, offering meaningful information
for both diagnosis and patient phenotyping.
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