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Abstract 

Background  To assess for the first time a combination of oscillometric, greyscale- and novel color-Doppler ultra-
sound (US) indices of carotid and aortic damage in patients with primary Sjögren’s syndrome (pSS). Moreover, 
to examine associations of these markers with patient and disease-characteristics, as well as with a traditional cardio-
vascular (CV) risk score (SCORE) and its EULAR-modified version (mSCORE).

Methods  Greyscale and color-Doppler indices [resistance (RI)- and pulsatility (PI)-index], as well as markers of athero-
sclerosis [Intima-Media-Thickness (cIMT), plaques, and cumulative calcification surface], were examined in the com-
mon- (CCA) and internal- (ICA) carotid arteries of pSS patients and healthy controls. The gold standard oscillometric 
marker of aortic stiffness (carotid-femoral pulse wave velocity; cfPWV) and the traditional SCORE/mSCORE, were 
also assessed.

Results  We recruited 119 pSS-patients and 97 controls. Patients exhibited significantly higher cfPWV (padj = 0.025), 
cIMT (padj < 0.001), and calcification area (p = 0.013), compared to controls. According to mSCORE, 5.7% of the patients 
had high CV risk. However, cfPWV and carotid-sonography revealed increased aortic stiffness in 45.4% and carotid 
atherosclerosis in 69.2%, respectively. Among pSS-patients, cfPWV correlated with C-reactive-protein (rho = 0.325, 
p < 0.001), erythrocyte-sedimentation-rate (rho = 0.271, p = 0.003), and traditional CV-risk factors (age, cholesterol, 
systolic blood pressure: all; p < 0.01). ICA-RI and ICA-PI were higher in patients with further (non-rheumatological) 
autoimmune diseases (both; p < 0.05).

Conclusion  In the largest cfPWV/US-cohort examined to date, pSS-patients had significantly higher aortic stiffness 
and atherosclerosis than controls. Aortic stiffness was predicted by systemic inflammation, alongside traditional CV 
risk factors. cfPWV and carotid-US may help identify subclinical end-organ disease and atherosclerosis and thus assist 
CV/CVB-screening in pSS.
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Background
Primary Sjogren´s Syndrome (pSS) is an autoimmune 
disease characterized by inflammation of the exocrine 
glands, leading to functional impairment [1, 2]. Up to 
70% of patients suffer from an additional systemic organ 
involvement involving the lungs, kidneys, central and 
peripheral nervous system, as well as the gastrointestinal 
tract, and cutaneous tissue [3, 4]. Moreover, pSS patients 
are under increased cardiovascular (CV) risk [2, 5, 6] 
with higher rates of CV involvement compared to the 
general population (61.6% vs. 29.7%) [7].

In pSS patients, an increased rate of cerebrovascular 
(CVB) events (2.5% vs. 1.4%) and myocardial infarction 
(1.0% vs. 0.4%), compared to healthy controls has been 
described [8]. In addition, a meta-analysis evaluating 14 
studies showed a higher relative risk for coronary- (1.34), 
CVB- (1.46), and thromboembolic- morbidity (1.78) [9] 
and accordingly, a need for early CVR detection and pre-
vention has been highlighted [7].

The 2022 EULAR recommendations for CV risk man-
agement in rheumatic diseases (including pSS) empha-
sized the importance of screening and controlling CV 
risk factors in rheumatic diseases, including pSS. The use 
of traditional CV prediction tools has been suggested for 
patients with pSS [10]. One of these tools is SCORE (Sys-
tematic Coronary Risk Evaluation), which is widely used 
for CV risk classification in the general population and 
has been previously recommended by EULAR for CV risk 
assessment in patients with inflammatory arthropathies 
[11, 12]. However, SCORE considers only traditional CV 
risk factors, such as nicotine use, lipids, systolic blood 
pressure, age, and gender. Thus, the effects of systemic 
inflammation and further disease-associated factors (i.e. 
medication, impaired physical fitness) are not taken into 
account [11, 13]. For this reason, the EULAR guidelines 
for CV risk management recommended the adaptation 
of such CV risk prediction models by a 1.5 multiplication 
factor in the case of rheumatoid arthritis (RA) and other 
inflammatory arthritides [14]. Nevertheless, no conclu-
sive evidence regarding precise means of CV risk calcula-
tion is available in pSS and the applicability of the SCORE 
in patients with pSS has not been adequately examined. 
For this reason, there is a need for additional biomarkers 
that can help us achieve a more accurate assessment of 
true CV risk [15, 16].

Stiffness of the large arteries is one of the best-vali-
dated CV surrogates in the general population, showing 
a high positive predictive value for future CV events 
[17]. In particular, stiffness of the aortic vasculature, 
measured by the oscillometric method of carotid-femo-
ral pulse wave velocity (cfWV), has been shown to pre-
dict CV events accurately and has been suggested for 

primary CV risk prevention in the general population 
[17]. For instance, a thorough meta-analysis, compris-
ing 17 studies and a total of 15,877 subjects, revealed 
that individuals with elevated aortic pulse wave veloc-
ity (PWV) values had significantly higher pooled rela-
tive risks (RR) for CV mortality compared to those with 
low aortic PWV (RR: 2.02, 95% CI: 1.68 to 2.42) [18]. 
Moreover, carotid sonography is a well-established 
atherosclerosis assessment tool. Its value in risk strati-
fication and concomitant plaque identification has 
been repeatedly shown both in the general population 
and in patients with rheumatic diseases [18, 19]. Dur-
ing the last years, our research group and others have 
examined cfPWV and carotid sonography in the con-
text of various autoimmune diseases, such as rheuma-
toid arthritis (RA) [20], psoriatic arthritis [21], mixed 
connective tissue disease [22], systemic lupus erythe-
matosus (SLE) [23], antisynthetase syndrome [16] and 
fibromyalgia [24].

Until recently, greyscale sonography markers [carotid 
Intima-Media-Thickness (cIMT), plaque formation] 
have been mostly examined in patients with pSS. 
Carotid Doppler indices, like Resistance- (RI) and Pul-
satility- index (PI) have only been sparsely evaluated 
in two small pSS case series with n = 22 and n = 18 
patients respectively [25, 26]. This constitutes a proba-
ble literature gap since these markers can provide infor-
mation on carotid compliance and thus be indicative of 
a higher risk for ischemic stroke [27, 28].

A recent metanalysis of existing PWV (n = 3) and 
cIMT (n = 5) studies in pSS, revealed overall higher 
cfPWV- and cIMT-values than controls [5]. However, a 
more recent study found no differences between a small 
group of patients (n = 30) and controls (n = 30) [29]. 
Generally, available data on CV surrogates in pSS arise 
from low-numbered, cross-sectional studies with a lim-
ited number of macroangiopathy and CV risk markers. 
Moreover, we are unaware of the associations between 
these markers and traditional CV risk tools like SCORE 
and the EULAR mSCORE.

In this study, we aimed to simultaneously assess aor-
tic stiffness (measured by cfPWV) and a combination 
of novel (PI, RI) and well-established (cIMT, plaques, 
calcification burden) carotid angiopathy US markers in 
the largest—to date—pSS cohort examined. These find-
ings were compared with those of healthy controls to 
evaluate subclinical aortic and carotid stiffness, as well 
as carotid atherosclerosis in patients with pSS. Moreo-
ver, associations of this extended CV surrogate panel 
with patient and disease-specific characteristics, as well 
as with the traditional SCORE and its EULAR-modified 
version (mSCORE) were evaluated.
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Methods
Study population and design
The prospective’’Sjögren syndrome associated CARDio-
vascular risk (SICARD)’’ cohort consists of consecutive 
inpatients with known pSS being treated at the Acute 
Rheumatology Center Rhineland-Palatinate and the 
University Medical Center of Mainz in Germany. Hos-
pital co-workers without any inflammatory disease, who 
freely agreed to participate following an open call, served 
as a control group. All patients and controls underwent 
cfPWV examinations. Moreover, subgroups of the two 
collectives were examined via B-mode and Doppler 
sonography of the common- (CCA) and internal- (ICA) 
carotid arteries. This study is part of the multicenter 
CARD cohorts, which initially focused solely on measur-
ing aortic stiffness via cfPWV. Sonographic examinations 
of the carotid arteries were incorporated at a later stage, 
following a modification and expansion of the study 
design. From that point onward, all patients underwent 
a comprehensive assessment, including oscillometric 
cfPWV measurement, grayscale ultrasound (GSUS), and 
color Doppler ultrasound (CDUS). Excluded from both 
groups were individuals aged < 18  years, patients with a 
malignant disease, and patients with a missing capacity 
to consent. Moreover, patients with current or past car-
diovascular, cerebrovascular, or peripheral arterial dis-
ease were excluded from the study. All included patients 
fulfilled the 2016 ACR/EULAR classification criteria 
(score ≥ 4) [30]. The study has been approved in adher-
ence to the Helsinki Declaration by the ethics committee 
of Rhineland Palatinate State Medical Council, Germany.

Data collection
We documented demographic characteristics and the 
presence of traditional CV risk factors, like arterial 
hypertension and type 2 diabetes (patient´s history), dys-
lipidemia during the inpatient stay, and cigarette smoking 
in both groups. Moreover, we documented the current 
intake of antihypertensive drugs and statins. Addition-
ally, laboratory examinations were performed includ-
ing inflammation markers [C-Reactive Protein (CRP), 
erythrocyte sedimentation rate (ESR)], differential blood 
counts, renal parameters and autoantibodies [by ELISA: 
Rheumatoid factor (RF), double-stranded DNA, SSA-Ro, 
SSB-La, Sm, Scl-70, Jo-1, U1-RNP and by indirect immu-
nofluorescence on HEp-2 cells: antinuclear antibodies 
(ANA)].

Moreover, we reported systemic involvement as 
defined by the presence of pulmonary, cutaneous, renal, 
lymphatic, glandular, or haematologic manifestations 
in the context of the disease. In particular, pulmonary 
involvement was screened by chest X-ray in two planes 
and lung function tests. In case of typical ILD symptoms 

(i.e. cough or dyspnea) and/or abnormalities in the pul-
monary screening examinations, an additional high-
resolution computer tomography (HRCT) scan of the 
lungs was performed. Cutaneous manifestations included 
known purpura, urticaria, cutaneous vasculitis, erythema 
multiforme-like lesions, and erythema nodosum. Renal 
involvement was reported as present in the case of distal 
renal tubular acidosis  or glomerulonephritis. Lymphatic 
and glandular abnormalities were determined as clinical 
and/or sonographic diagnosed lymph node enlargement 
and submandibular and/or parotid gland enlargement, 
respectively. Hematologic abnormalities were defined 
as leucopenia, anemia, thrombocytopenia, monoclonal 
gammopathy, and/or the confirmed diagnosis of a hema-
tologic disease. ESSDAI was calculated according to the 
EULAR guidelines [31].

We documented the presence of arthralgia, and clini-
cally defined arthritis as the simultaneous occurrence of 
joint swelling and tenderness. Moreover, we registered 
the presence of further non-rheumatological autoim-
mune diseases via patient´s history like Hashimoto’s thy-
roiditis, Basedow’s disease, inflammatory bowel diseases, 
vitiligo, primary biliary cholangitis, autoimmune hepa-
titis and gastritis, multiple sclerosis, as well as myasthe-
nia gravis. The currently taken conventional and biologic 
disease-modifying anti-rheumatic drugs (csDMARD 
and bDMARDS, respectively) and the current glucocor-
ticoid therapy were also documented. Furthermore, we 
registered the subjective experience of sicca symptoms, 
the Schirmer´s test (abnormal if < 5  mm after 5  min), 
and Saxon´s test (not part of the classification, abnormal 
if < 2.5 g after 2 min) [30].

cfPWV and carotid sonography
As described previously [16, 24], the examination of 
cfPWV was carried out according to the manufacturer´s 
instructions of a validated non-invasive oscillometric 
device (Vicorder®, SMT medical, Wuerzburg, Germany) 
by trained medical staff and following the expert con-
sensus statement on the measurement of aortic stiffness 
[32]. The medical staff was aware of case status, but was 
blinded to other surrogate measures, such as carotid 
ultrasound results, laboratory values, and the individual’s 
medical history. cfPWV was calculated by dividing (0.8 x) 
traveled pulse wave distance (right CCA—right femoral 
artery) by pulse transit-time (meters/seconds; m/s) and 
the average value of 3 measurements was documented 
[33]. cfPWV values > 10 m/s were considered as an indi-
cator of increased CV risk [32].

Carotid greyscale (GSUS) and color Doppler (CDUS) 
ultrasound was performed by an experienced exam-
iner [K.T., rheumatologist, certified trainer of the Ger-
man Society of Ultrasound in Medicine (DEGUM)]. For 
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the measurements, a linear transducer of a MyLab9-US 
device (Esaote®) operating at a frequency of 15  MHz 
was used. The evaluation of cIMT was performed in 
both CCA at the end-diastolic phase, approximately 
1  cm proximal to the carotid bulb, at three subsequent 
spots. Only the maximum value was taken into further 
account. A localized thickening > 1.2 mm in either carotid 
bulb, was documented as an atherosclerotic plaque [34]. 
The cumulative calcification area on both sides was 
measured and documented. Patients and controls with 
cIMT > 0.9 mm in the CCA and/or ≥ 1 plaque(s) on either 
side were classified as having subclinical carotid athero-
sclerosis [16, 34].

CDUS consisted of the bilateral duplex assessments of 
mid-CCA and proximal ICA in two planes. As soon as 
there were multiple identical waveforms in the wave flow 
spectrum for 5 s, they were documented regarding peak 
systolic (PSV) and end-diastolic velocity (EDV). Subse-
quently, the software calculated the RI according to the 
Pourcelot formula [RI = (PSV-EDV)/PSV] [35] and the PI 
according to the Golsing formula [PSV-EDV)/mean flow 
velocity (MFV)] [36].

SCORE/mSCORE calculation
SCORE was calculated according to the guidelines of the 
European Society of Cardiology (ESC) [11] excluding 
patients with former CV events. The modified SCORE 
(mSCORE) was calculated by multiplying SCORE by 
1.5 [14]. Since no specific suggestions for pSS have been 
made, we have also included mSCORE in our statistical 
assessments. Patients with SCORE/mSCORE > 5% are 
considered to be at high risk [37].

Statistical analysis
The normality assumption was evaluated by quantile–
quantile plots and the Shapiro–Wilk test. Normally dis-
tributed variables were presented as mean (standard 
deviation), whereas skewed ones as median (25th/75th 
percentiles). Categorical variables were summarized as 
absolute (n) and relative (%) frequencies. The chi-squared 
test was used for their comparison. Comparisons of 
cfPWV, cIMT, PI, and RI between pSS patients and con-
trols were done through a t-test or the Mann–Whitney-U 
test as appropriate. The same applies to the evaluation of 
the association between the mentioned markers and cat-
egorial variables with two categories. The examination of 
the correlations between cfPWV, cIMT, PI, RI, and con-
tinuous characteristics was performed by Spearman´s 
(rho) and Pearson´s (r) correlation coefficients. These 
statistical calculations were performed by using IBM 
SPSS® 23 V5 software (USA).

Additionally, we examined the difference of cfPWV, 
cIMT, PI, and RI between pSS patients and the control 
group after controlling for possible confounding factors 
by multiple regression logistic analyses.

A propensity score analysis was performed in order to 
address potential confounding (in a way that separates 
design and analysis) and to get causal inference estimates. 
The propensity score was calculated via a logistic regres-
sion (of treated vs untreated) in terms of age, sex, body 
mass index (BMI), diabetes mellitus, mean arterial pres-
sure (MAP) and smoking (these variables were selected 
based on clinical practice and expertise). The propen-
sity score was estimated using a complete case analysis. 
Later the propensity score was used to get a 1:1-matching 
(by sampling without replacement), using the matching 
method “genetic”, with caliper (for propensity score) set 
to 0.1, of R’s matchit function (from the MatchIt pack-
age). Balance was checked using the standardized mean 
difference and diagnostic plots. The matched samples 
were analyzed with paired t-tests.

These statistical calculations were performed by using 
the software R (version 4.2.2).

A probability value below 0.05 was considered statisti-
cally significant.

Results
We performed cfPWV measurements in 119 pSS patients 
and 97 healthy controls. Additionally, a subgroup of 
52 patients and 46 controls underwent carotid GSUS 
and CDUS examinations. Eligible patients and controls 
for the calculation of SCORE were subjects with an age 
between 40 and 70  years old (88 pSS patients and 63 
controls). Tables  1 and 2 show the descriptive charac-
teristics and statistical differences of patients with pSS 
and the control group. Tables S.1. and S.4. show addi-
tional patient characteristics separately (Supplementary 
Material).

Association between group status (pSS vs control): cfPWV, 
Carotid sonography, and SCORE
Mean cfPWV was significantly higher in patients with 
pSS compared with control subjects [10.01 ± 2.26 vs. 
8.62 ± 1.57; p < 0.001] (Table 1, Fig. 1).

cfPWV remained statistically significantly higher 
in the patient group even after regression adjustment 
analysis for the effects of possible confounding factors 
and parameters which were different in the two groups 
like age, gender, BMI, arterial hypertension, hyperlipi-
demia, and smoking status (1.329, 95%CI: 1.043–1.852; 
padj = 0.025) (Supplementary Material Table S.2.).
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This was also the case when we adjusted exclusively for 
factors that were different in the whole patient cohort 
and in the control group (age, gender, BMI, arterial 
hypertension, antihypertensive therapy and heart rate; 
0.687, 95%CI: 0.003–1.370; p = 0.049) (Supplementary 
Material Table S.3.).

cIMT and the calcification area (cumulated surface of 
atherosclerotic plaques) were also significantly higher in 
the subgroup of pSS patients, compared to the subgroup 
of control subjects [0.93 ± 0.18 vs. 0.77 ± 0.13; p < 0.001 
and 17 (7–28.7, IQR) vs 8 (0–17, IQR); p = 0.013] 
(Table 2, Fig. 1).

Regression analysis accounting for the effects of possi-
ble confounding factors, as well as parameters that were 
different in the two groups like age, gender, hyperlipi-
demia, arterial hypertension, smoking status and diabetes 
showed that cIMT was significantly higher in the patient 
group compared to the control group even after statistical 

adjustment (2.329, 95%CI: 3.03–34.81; padj < 0.001) (Sup-
plementary Material Table S.5.).

This was also the case when we adjusted exclusively for 
factors that were different in the whole patient cohort 
and in the control group (gender, mean, diastolic and 
systolic arterial pressure; 0.134, 95%CI: 0.053–0.215; 
p = 0.002) (Supplementary Material Table S.6.).

As for the carotid Doppler indices (RI and PI), there 
was no significant difference between the patient and 
control subgroups (Table  2). The same occurred for 
SCORE, which was not significantly higher in patients 
compared with controls [1 (1–2, IQR) vs 1 (0–2, IQR); 
p = 0.392] (Table 1).

Propensity score matching
Propensity score matching was performed to create a 1:1 
matched sample of pSS patient and control subgroups, 
based on age, sex, BMI, diabetes mellitus, MAP, and 

Table 1  Descriptive characteristics by group (controls vs. cfPWV patient group)

‡  Non-normal distribution: presentation as median (interquartile range)
†  Normal distribution: presentation as mean (S.D.). Others: absolute and relative frequencies
*  − *** Significant difference between the two groups

HDL high-density lipoprotein, LDL low-density lipoprotein, SCORE Systemic COronary Risk Evaluation

Controls (n = 97) Patients (n = 119) Significance (P)

Age† (years) 48.25 ± 12.96 55.29 ± 13.37  < 0.001***

Gender (female) 81 (83.5%) 111 (93.3%) 0.023*

BMI (kg/m2) 24.73 ± 4.20 27.38 ± 5.90  < 0.001***

Arterial hypertension (yes) 19 (20.0%) 47 (39.5%) 0.002**

Diabetes Mellitus 2 (yes) 1 (1.1%) 5 (4.2%) 0.166

Nicotine (smokers) 15 (15.8%) 16 (13.4%) 0.628

HDL† (mg/dl) 67.13 ± 18.15 66.38 ± 17.28 0.788

LDL† (mg/dl) 128.94 ± 37.56 131.35 ± 47.40 0.717

Total Cholesterol† (mg/dl) 211.08 ± 43.97 199.78 ± 44.97 0.074

Blood pressure systolic† (mmHg) 123.13 ± 15.50 119.51 ± 16.54 0.110

Blood pressure diastolic† (mmHg) 78.13 ± 10.48 75.58 ± 9.73 0.073

MAP† (mmHg) 93.14 ± 11.42 90.19 ± 10.74 0.060

Antihypertensive therapy (yes) 19 (20.2%) 39 (36.1%) 0.013*

  Monotherapy 18 (46.2%)

  Dual therapy 10 (25.6%)

  Triple or more 11 (28.2%)

  Sartans 14 (35.9%)

  ACE-Inhibitors 15 (38.5%)

  Diuretics 10 (25.6%)

  Beta-Blockers 11 (28.2%)

  Calcium Channel Blockers 17 (43.6%)

Statine therapy (yes) 4 (4.1%) 13 (10.9%) 0.065

Heart rate ‡ (/min) 66 (59–70) 74 (66.59–81.08)  < 0.001***

cfPWV † (m/s) 8.62 ± 1.57 10.01 ± 2.26  < 0.001***

SCORE ‡ (%) 1 (0–2) 1 (1–2) 0.392

mSCORE ‡ (%) 1.5 (0–3) 1.5 (1.5–3) 0.392
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smoking status. This matching resulted in 58 matched 
pairs (116 subjects in total), from an initial pool of 202 
participants (pSS patients and controls). The matched 
analysis confirmed a statistically significant difference in 
carotid-femoral pulse wave velocity (cfPWV) between 
the pSS patients and controls, with an average treatment 
effect estimate of 0.718 (standard error: 0.323, p = 0.028).

Propensity score matching was also performed within 
the carotid ultrasound subgroup based on the same 
parameters (age, sex, BMI, diabetes mellitus, MAP, and 
smoking status), resulting in 27 matched pairs (1:1; 54 
subjects in total), from an initial pool of 86 participants 
(pSS patients and controls). This analysis confirmed the 
previously observed difference in carotid intima-media 
thickness (cIMT) between pSS patients and controls, 
with an estimated average treatment effect of 0.147 
(standard error: 0.046, p = 0.002). However, no statis-
tically significant differences were found between the 
groups in terms of the Doppler indices ACC-PI, ACC-RI, 
ACI-RI, or ACI-PI.

Associations of cfPWV with group and disease 
characteristics
Within the patient group, unadjusted analyses revealed an 
association of cfPWV with age (r = 0.631, p < 0.001), sys-
tolic blood pressure (r = 0.479, p < 0.001), total cholesterol 
(r = 0.253, p = 0.006), ESR (rho = 0.271, p = 0.003) and CRP 
(rho = 0.325, p < 0.001) (Fig. 2).

Additionally, higher cfPWV values could be found in 
patients with arterial hypertension compared to patients 
without [11.00 ± 1.4  m/s vs. 9.37 ± 2.36  m/s; p < 0.001]. 
The same could be seen for diabetes [12.15 ± 2.58  m/s 
vs. 9.91 ± 2.21  m/s; p = 0.029] and hyperlipidemia 
[10.46 ± 2.41 m/s vs. 9.58 ± 2.03 m/s; p = 0.034], respectively 
(Table 3).

There was no significant association between cfPWV and 
ESSDAI (p > 0.05).

Among the control group, we were able to show correla-
tions of cfPWV with age (r = 0.69, p < 0.001), total choles-
terol (rho = 0.25, p = 0.007), BMI (r = 0.22, p = 0.02) and MAP 
(r = 0.325, p < 0.001). Moreover, subjects with arterial hyper-
tension had higher cfPWV values in comparison to subjects 
without [10.59 ± 1.85 m/s vs 8.89 ± 2.10 m/s; p = 0.049].

Table 2  Descriptive characteristics by group (carotid sonography subgroups)

‡  Non-normal distribution: presentation as median (interquartile range)
†  Normal distribution: presentation as mean (S.D.). Others: absolute and relative frequencies
*  − *** Significant difference between the two groups

HDL high-density lipoprotein, LDL low-density lipoprotein, ENA extractable nuclear antigens, ESR erythrocyte sedimentation rate, CRP C-reactive protein, ANA 
antinuclear antibodies, ESSDAI EULAR Sjögren’s syndrome disease activity index, cIMT carotid intima-media thickness, CCA​ common carotid arteries, ICA internal 
carotid artery, RI resistive index, PI pulsatility index

Controls (n = 46) Patients (n = 52) Significance (P)

Age† (years) 52.57 ± 10.34 54.52 ± 12.78 0.411

Gender (female) 35 (76.1%) 49 (94.2%) 0.018*

BMI † (kg/m2) 26.24 ± 4.20 26.56 ± 5.52 0.750

Arterial hypertension (yes) 14 (30.4%) 16 (30.8%) 1

Diabetes Mellitus 2 (yes) 1 (2.2%) 4 (7.7%) 0.371

Nicotine (smokers) 8 (17.4%) 9 (17.3%) 1

HDL† (mg/dl) 65.08 ± 15.23 67.87 ± 17.15 0.488

LDL† (mg/dl) 136.11 ± 36.37 133.47 ± 39.15 0.777

Total Cholesterol† (mg/dl) 212.69 ± 43.59 202.52 ± 39.33 0.257

Blood pressure systolic† (mmHg) 125.53 ± 16.22 117.40 ± 15.67 0.019*

Blood pressure diastolic† (mmHg) 80.26 ± 10.52 75.25 ± 9.57 0.022*

MAP † (mmHg) 95.35 ± 11.78 89.48 ± 10.41 0.015*

Blood pressure therapy (yes) 12 (26.1%) 14 (26.9%) 1

Statins 4 (8.7%) 7 (13.5%) 0.505

cIMT (mm) † 0.77 ± 0.13 0.93 ± 0.18  < 0.001***

Calcification area (cm2) ‡ 8 (0–17) 17 (7–28.7) 0.013*

CCA-PI ‡ 1.54 (1.32–1.84) 1.64 (1.37–1.88) 0.168

CCA-RI † 0.72 ± 0.09 0.76 ± 0.12 0.133

ICA-PI † 1.08 ± 0.29 1.11 ± 0.31 0.648

ICA-RI ‡ 0.60 (0.54–0.68) 0.62 (0.54–0.69) 0.674
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Fig. 1  Distribution of values in control subjects and pSS patients. A cfPWV; B cIMT; C calcification area. All p < 0.05*. pSS: primary Sjogren´s 
Syndrome, cfPWV: carotid-femoral pulse wave velocity, cIMT: carotid intima media thickness

Fig. 2  Associations between cfPWV and traditional CV-factors and inflammation markers in patients with pSS. A Age; B MAP; C CRP; D ESR; all; 
p < 0.05. cfPWV: carotid-femoral pulse wave velocity, CV: cardiovascular, MAP: mean arterial pressure, CRP: c-reactive protein, ESR: erythrocyte 
sedimentation rate
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Table 3  Associations between cfPWV, cIMT, and patient characteristics

cfPWV † cIMT †

rho/r P rho/r P

Age† (years) 0.631  < 0.001*** 0.634  < 0.001***

HDL† (mg/dl) 0.032 0.785 0.073 0.702

LDL† (mg/dl) 0.223 0.054 −0.112 0.555

Total Cholesterol† (mg/dl) 0.253 0.006** 0.126 0.375

Blood pressure systolic† (mmHg) 0.479  < 0.001*** 0.323 0.020*

Blood pressure diastolic† (mmHg) 0.176 0.060 0.094 0.511

Rheumatoid factor‡ 0.093 0.337 −0.006 0.969

ESR‡ (mm/h) 0.271 0.003** 0.205 0.145

CRP‡ (mg/l) 0.325  < 0.001*** 0.093 0.514

ANA ‡ (titer) −0.005 0.961 0.083 0.589

Saxon´s test difference‡ (g) 0.013 0.916 −0.267 0.187

Schirmer´s test (lowest value (mm)) ‡ 0.006 0.959 0.251 0.226

mSCORE ‡ (%) 0.514  < 0.001*** 0.43 0.005**

ESSDAI ‡ 0.123 0.393 0.234 0.320

Mean (S.D.) P Mean (S.D.) P

Gender

  Female 10.03 (2.27) 0.751 0.92 (0.17) 0.100

  Male 9.76 (2.14) 1.09 (0.12)

Arterial hypertension

  Yes 11.00 (1.4)  < 0.001*** 1.01 (0.16) 0.02*

  No 9.37 (2.36) 0.89 (0.17)

Diabetes Mellitus 2

  Yes 12.15 (2.58) 0.029* 1.04 (0.13) 0.165

  No 9.91 (2.21) 0.92 (0.18)

Hyperlipidemia

  Yes 10.46 (2.41) 0.034* 0.95 (0.17) 0.258

  No 9.58 (2.03) 0.90 (0.18)

Nicotine

  Yes 9.63 (1.90) 0.467 0.90 (0.13) 0.602

  No/Ex 10.07 (2.31) 0.93 (0.19)

ENA-Screen

  Positive 9.92 (2.29) 0.752 0.92 (0.16) 0.861

  Negative 10.06 (2.25) 0.93 (0.21)

SSA-Antibodies

  Positive 9.72 (2.03) 0.358 0.92 (0.17) 0.972

  Negative 10.10 (2.22) 0.92 (0.21)

SSB-Antibodies

  Positive 9.04 (1.55) 0.073 0.89 (0.19) 0.455

  Negative 10.00 (2.16) 0.93 (0.18)

Hypergammaglobulinaemia

  Positive 10.06 (2.80) 0.980 0.97 (0.18) 0.439

  Negative 10.07 (2.03) 0.90 (0.13)

Saxon´s test

  Positive 9.55 (2.44) 0.271 0.93 (0.19) 0.767

  Negative 10.19 (1.96) 0.95 (0.19)

Schirmer´s test

  Positive 9.73 (2.16) 1 0.90 (0.19) 0.141

  Negative 9.84 (1.95) 1.07 (0.20)
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Associations of carotid sonography parameters with group 
and disease characteristics
Tables 3 and 4 depict the results of the correlation analy-
ses between cIMT, CCA (RI, PI), ICA (RI, PI), and patient 
characteristics.

In the sonography subgroup, cIMT correlated strongly 
with age (r = 0.634, p < 0.001) and modestly with systolic 
blood pressure (r = 0.323, p = 0.020). cIMT was moreover 
higher in patients with arterial hypertension compared to 
patients without [1.01 ± 0.16 vs. 0.89 ± 0.17; p = 0.020].

Regarding Doppler indices of the common carotid 
arteries, CCA-RI and CCA-PI showed higher values 
in patients with arterial hypertension compared to 
patients without [0.84 ± 0.19 vs. 0.73 ± 0.06; p = 0.003 
and 2.18 ± 0.30 vs. 1.59 ± 0.30; p = 0.001]. Examination of 
color Doppler indices of internal carotid arteries revealed 
significant correlations of ICA-RI and ICA-PI with age 
(r = 0.481; p = 0.002 and r = 0.457; p = 0.003) and sys-
tolic blood pressure (r = 0.465; p = 0.002 and r = 0.442; 

p = 0.004). Additionally, ICA-PI was higher in patients 
with arterial hypertension, compared to their hyper-
tension-free counterparts [1.27 ± 0.27 vs. 1.05 ± 0.31; 
p = 0.004]. Interestingly, ICA-RI and ICA-PI were higher 
in patients with pSS and further non-rheumatological 
autoimmune diseases (i.e. Hashimoto’s, Basedow’s, viti-
ligo) [0.54 ± 0.04 vs. 0.65 ± 0.11; p = 0.011 and 0.84 ± 0.12 
vs. 1.17 ± 0.32; p = 0.008].

SCORE, cfPWV and carotid atherosclerosis
Among 119 pSS patients with a cfPWV measurement, 
54 (45.38%) had cfPWV > 10  m/s, as an indicator of 
end-organ disease and increased aortic stiffness. 88/119 
patients were eligible for the calculation of SCORE. 
Interestingly, out of these only 2 (2.27%) and 5 (5.68%) 
showed SCORE- and mSCORE-values > 5% (indicative of 
high risk), respectively. Of 52 patients having received a 
carotid US examination, 36 (69.23%) could be diagnosed 
with SCA. 42 of these 52 patients were also eligible for 

‡  Non-normal distribution
†  Normal distribution. Quantitative characteristics: Spearmann’s test (non-normal distribution; rho), Pearson´s test (normal distribution; r). Qualitative characteristics: 
Mann–Whitney-U-test, ANOVA
*  − *** Significant difference between the two groups

HDL high-density lipoprotein, LDL low-density lipoprotein, ENA extractable nuclear antigens, ESR erythrocyte sedimentation rate, CRP C-reactive protein, ANA 
antinuclear antibodies, SCORE Systemic COronary Risk Evaluation, ESSDAI EULAR Sjögren’s syndrome disease activity index, cfPWV Carotid-femoral pulse-wave 
velocity, cIMT carotid intima-media thickness

Table 3  (continued)

cfPWV † cIMT †

rho/r P rho/r P

Sicca symptoms

  Yes 10.08 (2.31) 0.299 0.93 (0.18) 0.647

  No 9.21 (1.69) 0.98 (0.11)

Systemic involvement

  Yes 10.08 (2.31) 0.706 0.93 (0.18) 0.560

  No 9.21 (1.69) 0.98 (0.11)

Hematological involvement ‡

  Lymph node swelling 10.13 (1.88) 0.90 (0.17)

  Hem. disease 9.93 (1.70) 0.989 0.97 (0.33) 0.814

  No 10.06 (2.35) 0.94 (0.18)

Parotid enlargement

  Yes 9.32 (1.90) 0.319 0.92 (0.15) 0.880

  No 10.11 (2.31) 0.93 (0.18)

Glucocorticoid therapy

  Yes 10.24 (2.60) 0.453 0.91 (0.14) 0.665

  No 9.91 (2.05) 0.94 (0.19)

Disease-modifying antirheumatic drugs

  Yes 9.90 (2.21) 0.494 0.93 (0.16) 0.991

  No 10.19 (2.29) 0.93 (0.20)

Further autoimmune diseases

  Yes 9.69 (1.87) 0.472 0.90 (0.16) 0.608

  No 10.08 (2.34) 0.93 (0.18)
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Table 4  Associations between CCA (RI, PI) and ICA (RI, PI) and patient characteristics

CCA​ ICA

RI † PI ‡ RI ‡ PI †

rho/r P rho/r P rho/r P rho/r P

Age† (years) 0.097 0.520 0.117 0.446 0.481 0.002 ** 0.457 0.003 **

HDL† (mg/dl) −0.207 0.301 −0.063 0.760 0.002 0.992 −0.091 0.689

LDL† (mg/dl) −0.385 0.047* −0.340 0.090 −0.228 0.307 −0.252 0.258

Total Cholesterol† (mg/dl) −0.252 0.092 −0.196 0.198 −0.103 0.529 −0.093 0.570

Blood pressure systolic† (mmHg) 0.251 0.092 0.203 0.180 0.465 0.002 ** 0.442 0.004**

Blood pressure diastolic† (mmHg) 0.188 0.217 0.196 0.203 0.210 0.198 0.217 0.185

Rheumatoid factor ‡ −0.50 0.748 −0.170 0.280 −0.113 0.499 −0.204 0.220

ESR (mm/h)‡ 0.245 0.101 0.151 0.322 −0.040 0.805 −0.021 0.897

CRP (mg/l)‡ 0.152 0.313 0.017 0.913 0.112 0.492 0.071 0.662

ANA (titer)‡ 0.232 0.150 0.121 0.463 −0.031 0.858 −0.086 0.624

Saxon´s test difference‡ (g) 0.014 0.950 0.189 0.388 0.052 0.827 0.106 0.657

Schirmer´s test (lowest value) ‡ (mm) 0.178 0.405 0.189 0.376 −0.094 0.676 −0.145 0.520

mSCORE ‡ (%) 0.139 0.404 0.035 0.839 0.420 0.015* 0.354 0.044*

Mean S.D P Mean S.D P Mean S.D P Mean S.D P

Gender

  Female 0.75 (0.10) 0.095 1.71 (0.48) 0.210 0.63 (0.11) 0.805 1.11 (0.31) 0.777

  Male 0.87 (0.28) 2.11 (1.12) 0.60 (-) 1.02 (-)

Arterial hypertension

  Yes 0.84 (0.19) 0.003** 2.18 (0.30) 0.001** 0.68 (0.07) 0.080 1.27 (0.27) 0.049*

  No 0.73 (0.06) 1.59 (0.30) 0.61 (0.11) 1.05 (0.31)

Diabetes Mellitus 2

  Yes 0.78 (0.06) 0.669 1.66 (0.38) 0.778 0.67 (0.02) 0.491 1.26 (0.06) 0.329

  No 0.75 (0.12) 1.74 (0.55) 0.62 (0.11) 1.10 (0.32)

Hyperlipidemia

  Yes 0.72 (0.07) 0.075 1.59 (0.31) 0.071 0.62 (0.12) 0.891 1.10 (0.31) 0.818

  No 0.79 (0.15) 1.87 (0.66) 0.63 (0.09) 1.12 (0.31)

Nicotine

  Smokers 0.75 (0.18) 0.944 1.65 (0.75) 0.632 0.59 (0.11) 0.303 0.98 (0.28) 0.242

  Non/Ex-Smokers 0.76 (0.11) 1.75 (0.48) 0.63 (0.10) 1.14 (0.31)

ENA-Screen

  Positive 0.75 (0.11) 0.576 1.67 (0.52) 0.314 0.63 (0.11) 0.491 1.11 (0.32) 0.852

  Negative 0.77 (0.14) 1.85 (0.57) 0.61 (0.11) 1.09 (0.33)

SSA-Antibodies

  Positive 0.75 (0.12) 0.536 1.67 (0.53) 0.289 0.62 (0.08) 0.655 1.08 (0.28) 0.539

  Negative 0.77 (0.14) 1.86 (0.55) 0.63 (0.15) 1.15 (0.38)

SSB-Antibodies

  Positive 0.70 (0.06) 0.130 1.44 (0.24) 0.040* 0.59 (0.06) 0.276 0.95 (0.15) 0.083

  Negative 0.77 (0.13) 1.83 (0.59) 0.64 (0.12) 1.15 (0.35)

Hypergammaglobulinemia

  Positive 0.81 (0.20) 0.404 1.98 (0.92) 0.442 0.61 (0.10) 0.559 1.08 (0.38) 0.569

  Negative 0.76 (0.11) 1.77 (0.47) 0.65 (0.12) 1.17 (0.34)

Saxon´s test

  Positive 0.74 (0.79) 0.399 1.69 (0.59) 0.513 0.64 (0.07) 0.760 1.14 (0.28) 0.817

  Negative 0.78 (0.14) 1.86 (0.58) 0.65 (0.16) 1.17 (0.39)

Schirmer´s test

  Positive 0.75 (0.12) 0.968 1.72 (0.58) 0.914 0.64 (0.11) 0.938 1.14 (0.30) 0.889

  Negative 0.75 (0.06) 1.76 (0.49) 0.65 (0.12) 1.11 (0.38)
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the calculation of SCORE. Similarly, out of these patients 
only 2 (4.76%) and 3 (7.14%) patients showed SCORE and 
mSCORE-values > 5%, respectively.

Notably, SCORE/mSCORE values did not show statis-
tical differences between the patient and control group 
(both; p = 0.392).

Discussion
cfPWV and carotid status as markers of angiopathy and CV 
risk
This study revealed higher aortic stiffness and incidence 
of carotid atherosclerosis in patients with pSS compared 
to healthy controls. Importantly, these findings retained 
statistical significance following adjustments for con-
founding factors and further validation through 1:1 pro-
pensity score-matched subgroup analyses. Furthermore, 
our research findings indicate that mSCORE identified 
only a small percentage of pSS patients as being under 
high-risk. This underscores a significant discrepancy with 

the results reported in existing literature, registry data, 
and the gold standard marker of carotid-femoral pulse 
wave velocity (cfPWV), as assessed in both our study 
and others [5, 9]. Interestingly, cfPWV correlated in our 
cohort with both examined inflammation markers, and 
patients with concomitant non-rheumatological autoim-
mune conditions were found to have higher resistance 
and pulsatility indices of the ICA, as possible indicators 
of CVB risk [38].

To the best of our knowledge, this is the first study to 
examine the novel color Doppler indices of carotid pul-
satility and resistance, next to well-established greyscale 
US and oscillometric markers of carotid and aortic angi-
opathy, in pSS. Interestingly, no significant difference was 
found between the groups regarding carotid compliance/
stiffness, in contrast to aortic stiffness. This could be due 
to reduced statistical power in the subgroup analysis or 
the presence of atherogenic risk factors in the control 
group. Moreover, previous studies in patients with SLE 

‡  Non-normal distribution
†  Normal distribution. Quantitative characteristics: Spearmann’s test (non-normal distribution; rho), Pearson´s test (normal distribution; r). Qualitative characteristics: 
Mann–Whitney-U-test, ANOVA
*  − *** Significant difference between the two groups

HDL high-density lipoprotein, LDL low-density lipoprotein, ENA extractable nuclear antigens, ESR erythrocyte sedimentation rate, CRP C-reactive protein, ANA 
antinuclear antibodies, CCA​ common carotid arteries, ICA internal carotid artery, RI resistive index, PI pulsatility index

Table 4  (continued)

CCA​ ICA

RI † PI ‡ RI ‡ PI †

rho/r P rho/r P rho/r P rho/r P

Sicca symptoms

  Yes 0.75 (0.12) 0.751 1.72 (0.54) 0.601 0.62 (0.11) 0.311 1.10 (0.31) 0.270

  No 0.78 (0.06) 1.89 (0.46) 0.70 (0.03) 1.35 (0.12)

Systemic involvement

  Yes 0.78 (0.15) 0.125 1.84 (0.64) 1.63 0.198 0.64 (0.13) 0.593 1.12 (0.36) 0.755

  No 0.73 (0.08) (0.38) 0.62 (0.08) 1.09 (0.25)

Hematological involvement ‡

  Lymph node swelling 0.80 (0.18) 1.80 (0.67) 0.62 (0.18) 1.00 (0.43)

  Hem. Disease 0.73 (0.06) 0.609 1.54 (0.14) 0.840 0.68 (0.02) 0.778 1.16 (0.02) 0.647

  No 0.75 (0.11) 1.75 (0.54) 0.62 (0.09) 1.12 (0.30)

Parotid enlargement

  Yes 0.83 (0.25) 0.258 1.88 (1.01) 0.613 0.61 (0.92) 0.883 1.04 (0.26) 0.727

  No 0.75 (0.11) 1.73 (0.49) 0.62 (0.11) 1.10 (0.32)

Glucocorticoid therapy

  Yes 0.71 (0.08) 0.079 1.55 (0.37) 1.70 0.133 0.61 (0.10) 0.410 1.05 (0.32) 0.384

  No 0.76 (0.11) (0.46) 0.64 (0.11) 1.12 (0.28)

Disease-modifying antirheumatic drugs

  Yes 0.73 (0.08) 0.211 1.58 (0.36) 1.86 0.087 0.63 (0.09) 0.985 1.11 (0.31) 0.999

  No 0.78 (0.14) (0.63) 0.63 (0.12) 1.11 (0.32)

Further autoimmune diseases

  Yes 0.71 (0.05) 0.268 1.51 (0.27) 0.221 0.54 (0.04) 0.011* 0.84 (0.12) 0.008**

  No 0.76 (0.13) 0.18(0.58) 0.65 (0.11) 1.17 (0.32)
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have shown that aortic atherosclerosis and stiffness may 
develop earlier and to a greater extent than carotid ath-
erosclerosis and stiffness [39], and this may also hold true 
for patients with pSS.

Moreover, this is the first study to show that the pres-
ence of additional non-rheumatologic autoimmune 
conditions can associate with higher CV/CVB risk and 
seemingly the largest pSS/cfPWV study to date. Interest-
ingly, studies examining CV and CVB surrogates con-
comitantly with traditional CV risk scores are scarce. In 
particular, we are aware of only one exploration evalu-
ating the relationship between PWV and a traditional 
risk calculator [Framingham Risk Score (FRS)], which 
however included a lower count of patients (n = 44) [40]. 
Similar to our work, statistically higher PWV values were 
found in patients with pSS compared to controls. FRS 
was however not statistically different in the two groups. 
In the present study, we have chosen to include cfPWV 
and carotid sonography indices as well as the well-estab-
lished CV risk tool of SCORE, which has been suggested 
for CV risk evaluation by EULAR [14]. Interestingly, 
SCORE/mSCORE were not statistically significantly dif-
ferent between the two groups, pointing to a possible low 
predictive value of this marker in the setting of pSS.

In our exploration, not only aortic stiffness but also 
carotid atherosclerosis markers were statistically higher 
in pSS patients compared to controls. Even if cIMT has 
been examined in a few pSS studies, data on plaque bur-
den are described for the first time in the present study. 
This is important since increased plaque burden can lead 
to carotid stenosis, subsequently increasing the risk for 
a CVB event and thus possibly worsening CV morbid-
ity and mortality [41]. On the contrary, the predictive 
value of cIMT has been increasingly criticized during the 
last years, since increases in IMT do not seem to be an 
accurate marker of CVB or CV risk [42]. Despite that, 
the few published pSS studies on carotid atherosclero-
sis surrogates have focused until today on cIMT values. 
These works have been collectively presented by Yong 
et al. [5], who found that patients with pSS have overall 
higher IMT than healthy controls (MD = 0.08 mm; 95%CI 
0.04–0.11; p-value < 0.01; I2 = 72%).

Associations of CV markers among patients
In both groups, there was an association between cfPWV 
and higher blood pressure at the time of the measure-
ment, which can be explained by a stretching of the 
artery wall due to the increased pulse pressure [43, 44]. 
Moreover, cfPWV and carotid sonography indices corre-
lated strongly with age. These statistical associations are 
not surprising, since age is described to be an independ-
ent risk factor for CV diseases [45]. The influence of age 
on aortic stiffness results from structural changes in the 

media layer of the vessel wall during a person’s lifetime. 
The mechanical properties of the arterial wall change 
with increasing age, especially due to a loss of elastic fib-
ers and accumulation of collagen [23].

In our work, cfPWV correlated also with both exam-
ined inflammation markers (ESR and CRP), even if no 
statistical correlation of cfPWW with ESSDAI could be 
established. Interestingly, an association between aor-
tic stiffness and acute inflammation in the context of 
autoimmune diseases has been extensively discussed in 
the literature and several potential pathophysiological 
mechanisms regarding the interplay between inflam-
mation and arterial stiffening have been suggested [46]. 
Elevated levels of known inflammatory markers like 
interleukin-6 (IL-6), CRP, and interferons can directly 
alter the endothelial nitric oxide bioavailability [47] by 
impairing the vasodilatory effects of NO [48]. Moreo-
ver, these mediators can induce increased production of 
matrix metalloproteinases with subsequent degeneration 
of elastin fibers, leading to decreased arterial compli-
ance [49]. Interestingly enough, some studies showed a 
reduction in cfPWV after initiation of anti-inflammatory 
agents [50, 51]. Furthermore, Sezis Demirci et  al. were 
also able to show a correlation between CRP and cfPWV 
[52] and Novella-Navarro et al. found similarly a correla-
tion between ESR and subclinical carotid atherosclerosis 
[53], highlighting the effects of inflammatory activity on 
the arterial tree.

Our study has some limitations. First of all, there were 
no longitudinal comparisons of the included CV sur-
rogate markers with future morbidity or mortality data. 
Nevertheless, multiple studies were able to show that 
cfPWV and carotid sonography have a good CV pre-
dictive value in the general population [5, 54]. Moreo-
ver, both of these markers have been suggested for CV 
risk classification by the European Society of Cardiol-
ogy Working Group on peripheral circulation and the 
ARTERY Association (level of evidence A, Recommen-
dation IIa) [17]. Moreover, the initial patient and con-
trol cohorts were unmatched regarding some traditional 
CV-risk factors (with patients being older, more often 
females, with larger BMI, a higher prevalence of arterial 
hypertension, and more commonly on anti-hypertensive 
therapy (all; p ≤ 0.02)). However, to control our results, 
we performed propensity score matching to account 
for key traditional cardiovascular risk factors, includ-
ing age, sex, BMI, diabetes mellitus, MAP, and smoking 
status. This matching confirmed a significant difference 
in both cfPWV and cIMT between pSS patients and 
controls. Moreover, our results could also be confirmed 
by additional regression analyses including the whole 
patient and control group cohort, as well as sonogra-
phy subgroups, adjusting for possible CV factors that 
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were different among patients and controls. Importantly, 
immunosuppressant/glucocorticoid medication in the 
patient group may have had a confounding effect on the 
findings. Even though we have thoroughly controlled 
the findings via statistical adjustment analyses for multi-
ple possible confounding factors, future confirmation is 
warranted. A further limitation arises from the fact that 
sonographic examination of the carotid arteries, were 
included in our study design at a later point and were 
therefore performed in a subgroup of patients and by 
only one examiner. However, given that patient recruit-
ment was consecutive and all individuals meeting the 
inclusion criteria were enrolled, selection bias is unlikely. 
The experienced examiner (serving as a certified trainer 
for the German Society of Ultrasound in Medicine 
(DEGUM)) was furthermore blinded to other surrogate 
measures, such as arterial stiffness, laboratory values, 
and the participants’ medical histories. Furthermore, 
the vast majority of the measured parameters (CCA-RI, 
CCA-PI, ICA-RI, ICA-PI) were automatically generated 
by the ultrasound device, minimizing the potential for 
examiner influence.

Conclusions
In conclusion, this study constitutes a comprehensive 
exploration of surrogate CV markers in pSS, standing 
out as one of the most extensive investigations in this 
domain. It moreover represents the first examination 
encompassing a wide panel of angiopathy and CV risk 
parameters in this context. The present findings highligh 
the potential of vascular ultrasonographic, Doppler, and 
oscillometric markers to provide valuable insights into 
patients’arterial tree and thus assist CV risk assessment. 
Given their non-invasive, radiation-free, and straightfor-
ward nature, these tools may serve as valuable resources 
for identifying high-risk pSS patients. Nevertheless, it is 
crucial to emphasize the necessity for further research 
and longitudinal studies to achieve a more comprehen-
sive understanding and validation of these findings.
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