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ABSTRACT
Accelerated atherosclerosis is a distinct 
feature of some inflammatory and auto-
immune disorders and several specific 
autoimmune mechanisms and persis-
tent inflammation have been identified 
to exert a pivotal role in precocious 
atherosclerotic damage in these disor-
ders. Although increased atheroscle-
rotic risk has been well established in 
some rheumatic autoimmune systemic 
diseases, such as systemic lupus ery-
thematosus and rheumatoid arthritis, 
reliable data regarding the prevalence 
and pathogenetic mechanisms asso-
ciated with increased atherosclerotic 
damage in primary Sjögren’s syndrome 
are scarse. Indeed, primary Sjögren’s 
syndrome is an autoimmune disorder 
characterised by chronic inflammation 
and autoimmune dysregulation that 
shares many pathogenic mechanisms 
and clinical features with systemic lu-
pus erythematosus and rheumatoid ar-
thitis. Higher prevalence of subclinical 
atherosclerosis has been observed in 
primary Sjögren’s syndrome patients 
and recent population-based stud-
ies demonstrated an increased risk of 
cardiovascular events in these patients 
in comparison to general population. 
Among mechanisms associated with 
atherosclerotic damage, the prevalence 
and the role of traditional cardiovas-
cular risk factors have been poorly 
investigated. In particular, the issue of 
whether the presence of these cardio-
vascular risk factors is associated with 
an increased risk of cardiovascular 
events needs to be further explored.

Introduction
Systemic autoimmune diseases (ADs) 
are now recognised as independent risk 
factors for atherosclerotic disease and 
represent interesting models to investi-
gate the intriguing relationship between 
chronic inflammation, autoimmunity 

and atherosclerosis. The increased in-
cidence of cardiovascular (CV) events 
occurring in these patients, often at 
young age, and the higher mortality 
for CVD characterising ADs confirm 
the strict association between acceler-
ated atherosclerosis and CV morbidity 
and mortality. In the last years, mul-
tiple mechanisms have been hypoth-
esised to contribute to the pathogen-
esis of precocious vascular damage in 
ADs, but several issues remain yet to 
be fully clarified (1, 2). Undoubtedly, 
innate and adaptive inflammatory and 
immune-mediated mechanisms char-
acterising the pathogenesis of systemic 
ADs play an established role also in the 
induction and perpetuation of vascular 
atherosclerotic damage. Indeed, ather-
osclerosis is now considered a chronic 
disease where both innate and adaptive 
immuno-inflammatory mechanisms are 
involved and inflammation is pivotal at 
all stages of the atherosclerotic dam-
age. Pro-inflammatory cytokines, ad-
hesion molecules, disease-specific au-
toantibodies and chronic inflammation 
strictly interact in a complex pathogen-
ic mechanism leading to endothelial 
dysfunction, organic damage of arterial 
wall and plaque formation and rupture 
(3). On the other hand, it is also unde-
niable that these mechanisms do not 
fully explain the increased CV risk in 
these diseases, implying that other fac-
tors contribute to the CV burden seen 
in these patients.
In the general population, traditional 
CV risk factors exert a pivotal role in 
the pathogenesis of CV damage and 
valuation of CV risk and the main risk 
stratification algorithms are based on 
presence of well-established CV risk 
factors, like cholesterol levels, ciga-
rette smoking, diabetes mellitus (DM) 
and blood pressure. On the other hand, 
risk calculators designed for use in the 
general population do not accurately 
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estimate the risk of CVD in patients 
with chronic inflammatory and ADs, 
such as rheumatoid arthritis (RA) and 
systemic lupus erythematosus (SLE), 
and none of these CVD risk prediction 
algorithms is ideal (4). A major point 
limiting the feasibility of CV risk cal-
culators in the estimation of CV mor-
bidity and mortality in these patients is 
the difficulty to quantify the significant 
contribution of chronic inflammatory 
burden and immune system deregula-
tion to the atherosclerotic damage of 
arterial wall. Moreover, it is relevant to 
consider that classical risk factors for 
CVDs are more prevalent in patients 
with ADs and have a different weight 
in the pathogenesis of vascular damage 
in comparison to the general popula-
tion. Therefore, the evaluation of the 
real prevalence of traditional CV risk 
factors in patients with systemic ADs 
in comparison to the general popula-
tion and the analysis of their contri-
bution to CVD represent two unmet 
medical needs.
Among the whole spectrum of system-
ic ADs, SLE and RA have the strong-
est evidence and the largest body of 
literature supporting the increased 
prevalence of CVD and the higher risk 
of CV mortality in these patients (1, 
2). Recently, however, a meta-analysis 
of observational cohort studies dem-
onstrated that also primary Sjögren’s 
syndrome (pSS), a disease mainly af-
fecting women in middle age, is char-
acterised by nearly one and a half-fold 
increased risk of both CVD, including 
coronary artery disease, acute coronary 
syndrome, myocardial infarction, an-
gina and ischaemic heart disease, and 
cerebrovascular events, namely stroke 
and cerebrovascular infarction, in com-
parison to control subjects (5). Indeed, 
pSS is a chronic immune-mediated 
inflammatory disease characterised 
by glandular and systemic manifesta-
tions sharing many clinical and auto-
immune similarities with RA and SLE 
and represents an interesting model to 
investigate the pathogenesis of preco-
cious atherosclerosis in ADs (6). In 
particular, the disease is characterised 
by a slow and benign evolution, of-
ten not requiring immunosuppressive 
therapies or high dose corticosteroid 

treatment, thus allowing the analysis of 
the direct effect of autoimmunity and 
chronic inflammation on atherosclero-
sis without the interference of chronic 
therapies (7, 8).
In ADs, subclinical functional and 
structural changes of the arterial wall 
have been demonstrated to occur early 
in the course of the disease and, prob-
ably, precede CV events (9). Similarly, 
in pSS, increased prevalence of both 
functional and organic subclinical ath-
erosclerotic damage has been demon-
strated by different instrumental meth-
ods, including endothelial dysfunction 
by flow- and nitrate-mediated vasodi-
lation, aortic stiffness by pulse wave 
velocity, organic damage of the arte-
rial wall by intima-media thickness, left 
ventricular dysfunction and assessment 
of coronary flow reserve (10). The direct 
vascular damage arises from a strict in-
terplay between disease-related chronic 
inflammatory background and disease-
specific autoimmune markers and both 
systemic inflammation and immune 
dysregulation represent key compo-
nents in atherogenesis (3). This is also 
evident in pSS where both inflammato-
ry factors, including C reactive protein, 
adhesion molecules and inflammatory-
specific disease manifestations, like 
parotid swelling and joint involvement, 
and immune markers, like anti-SSA/Ro 
or SSB/La antibodies, have been dem-
onstrated to be significantly associated 
with atherosclerotic damage (11-15). In 
this setting, it is fascinating the demon-
stration that pSS itself emerges as an 
independent risk factor for arterial wall 
thickening independently from age, 
sex, hypertension (HTN), smoke and 
lipid levels (16, 17). On the other hand, 
the role and contribution of traditional 
CV risk factors in the pathogenesis of 
subclinical atherosclerosis and in the 
increased risk of clinically manifested 
CV events represent a research area yet 
to be explored. In RA and SLE, stud-
ies analysing the actual prevalence of 
traditional CV risk factors in compari-
son to the general population reported 
conflicting evidence mainly due to 
study design, definition and assessment 
of CV risk factors and features of en-
rolled population. However, traditional 
CV risk factors and disease characteris-

tics are consistently related to vascular 
haemodynamic alterations and CV dis-
ease outcome in RA (18, 19). Similarly, 
increased prevalence of traditional CV 
risk factors, including metabolic syn-
drome, HTN, increased body mass in-
dex (BMI), has been detected in SLE 
patients and has been associated to in-
creased risk of CV events during dis-
ease course (20, 21).
In recent years, three large population-
based cohort studies demonstrated a 
higher prevalence of some traditional 
CV risk factors in pSS patients in com-
parison to general population, thus 
explaining, at least in part, the higher 
risk of CV events demonstrated in these 
patients (22-24). On the other hand, 
smaller case-control studies reported 
conflicting results and many factors, 
including methodologic issues, study 
design, traditional CV risk factor as-
sessment and definition and disease 
features, may partially explain such 
discrepancy. Moreover, the actual im-
portance of traditional CV risk factors 
in the determination of increased the 
risk of CV events in these patients is 
unknown. Undoubtedly, awareness of 
the clinical relevance of traditional CV 
risk factors on CV events represents is 
essential to individualise CV disease 
risk evaluation and prevention for pSS 
patients. 
Consequently, the aim of the paper was 
to analyse the prevalence and impact of 
traditional CV risk factors on CV risk 
in patients with pSS.

The role of traditional 
cardiovascular risk factors
Hypertension
Among the traditional CV risk factors, 
HTN has the highest incidence and 
prevalence both in chronic inflamma-
tory diseases, like RA and ankylosing 
spondylitis, and in systemic ADs, in-
cluding SLE, systemic sclerosis and in-
flammatory bowel diseases (24, 25). In-
deed, in these patients, HTN is a major 
traditional CV risk factor and its preva-
lence is increased in comparison to gen-
eral population. Furthermore, disease-
related factors, including inflam mation 
and disease-specific treatment, can co-
incide with the appearance of HTN, and 
HTN is an important factor promoting 
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the progression of athero sclerosis. This 
strict relationship may be explained, 
at least in part, by shared inflamma-
tory and innate and adaptive immune-
mediated pathogenic mechanisms un-
derlying the two conditions. Indeed, 
arterial wall injury as a consequence of 
hypertensive stimuli induces activation 
of inflammatory cytokines with local 
recruitment of inflammatory cells, toll-
like receptors recruitment on arterial 
wall and complement and innate im-
mune system activation, thus driving 
the pathology of arterial HTN and hy-
pertensive end-organ damage (24, 25). 
Moreover, in these patients, increased 
blood pressure is associated with sub-
clinical atherosclerosis, asymptomatic 
CV damage with left ventricular dys-
function and, of note, with higher risk 
of CV events, including myocardial 
infarction, congestive heart fail ure and 
cerebrovascular events, in comparison 
to normotensive patients (24, 25). The 
relevant impact of HTN on overt CVD 
in these patients is further strength-
ened by the evidence that patients with 
HTN experience CV events mainly in 
the first years after the diagnosis, thus 
suggesting the importance of appropri-
ate control of blood pressure values in 
patients with systemic ADs.
As depicted in Table I, HTN represents 
a main CV risk factor also in pSS. The 
prevalence of HTN in these patients 
ranges from 13% to 52% and, in some 
studies, resulted significantly increased 
in comparison to control subjects (14, 
22, 26, 27). Interestingly, the preva-
lence of HTN resulted significantly in-
creased also in pSS patients aged less 
than 50 years in comparison to age-
matched controls and independently of 
corticosteroid therapy, suggesting that 
other disease-related pathogenic mech-
anisms, such as genetic, immunologic 
and/or inflammatory factors, may con-
tribute to blood pressure elevation in 
these patients (14). In this setting, the 
lower frequency of HTN detected only 
in a study involving 312 pSS patients 
from Spain could be explained by a se-
lection bias of the control population 
which included patients from primary 
care in follow-up for prevalent diseases 
such as HTN (23). Nevertheless, some 
factors should be considered in the 

analysis and interpretation of these re-
sults. First of all, the definition of HTN 
employed in these studies was highly 
variable and these differences may part-
ly explain the discrepancy of the results 
and the high variability of HTN preva-
lence among studies. Systemic HTN 
was defined by: i) systolic blood pres-
sure ≥130mmHg and/or diastolic blood 
pressure ≥85mmHg and/or current use 
of antihypertensive medications (26, 
28, 29); ii) physician diagnosis and/or 
prior/active antihypertensive medica-
tion (22, 23); iii) systolic blood pres-
sure ≥140 mm Hg or diastolic blood 
pressure ≥90 mm Hg (14, 17, 30, 31); 
iv) ICD-code definition (27). More-
over, the different ethnicity of patients 
enrolled may affect the variable preva-
lence of HTN among studies (32), as 
well as other concomitant factors such 
as reduced physical activity related to 
the chronic disease and use of certain 
medications. Finally, the sex bias rep-
resents an adjunctive relevant factor to 
consider in the analysis of data. Indeed, 
pSS affects nearly exclusively middle-
aged female and gender differences in 
cardiac adaptation to blood pressure 
have been demonstrated. In particular, 
women with HTN have higher preva-
lence of left ventricular hypertrophy 
in comparison to males and a lower 
change of left ventricular functional 
parameters after introduction of antihy-
pertensive therapy (33). Effects of sex-
related hormonal changes may, at least 
in part, account for this phenomenon, 
in particular in middle-aged women 
in relation to menopausal status. Oes-
trogens have significant effects on the 
CV system and oestrogen receptors in 
the ventricular myocardium affects the 
cellular physiology of cardiac tissues. 
Among female population, menopause 
is significantly associated with higher 
left ventricular mass and interventricu-
lar septum thickness, indicating that 
sex hormones may play an important 
role in unfavourable ventricular re-
modelling and higher risk of elevated 
blood pressure (33). However, cardiac 
functional and structural changes in 
pSS and their effect on CV risk factors 
are still to be explored.
Of more importance, among all tradi-
tional CV risk factors, HTN seems to 

exert the most relevant effect on CV 
outcome in these patients. As illus-
trated in Table II, HTN or mean arterial 
pressure are significant predictor, at 
multivariate analysis and after adjus-
ing for other risk factors, of increased 
prevalence of subclinical atherosclero-
sis, namely carotid plaque and arterial 
stiffness (17, 34), and of higher risk of 
CV events, including ischaemic heart 
disease, stroke and peripheral artery 
disease (14, 23, 27), thus suggesting 
that HTN represents a major contrib-
uting factor to the increased risk of 
CV events in pSS patients. This is an 
important point to address, in consid-
eration that, also demonstrated in RA, 
HTN is underdiagnosed and subopti-
mally treated in pSS patients (14, 24).

Diabetes mellitus
As observed for HTN, the prevalence 
of DM in pSS is characterised by a 
wide variability, ranging from 0% to 
28% (Table I). In some studies, the 
prevalence of DM resulted signifi-
cantly higher in comparison to control 
subjects (23, 27, 35) while only one 
population-based study demonstrated 
a lower fequency of DM in pSS pa-
tients in comparison to healthy subjects 
(22). As observed for HTN, the differ-
ent definition and assessment of DM 
among the studies may largely explain 
the wide prevalence range. Indeed, DM 
was defined by: i) presence in at least 
2 determinations of fasting glycaemia 
>126 mg/dl (35); ii physician diagno-
sis of diabetes requiring insulin or hy-
poglycaemic agents and/or presence in 
at least two determinations of fasting 
glycaemia higher than 126 mg/dL (17, 
22, 23, 31); iii) fasting glucose (≥100 
mg/dL) and/or drug therapy for hyper-
glycaemia (26); iv) assessment from 
medical records and clinical consulta-
tion (14) v) ICD-code definition (27). 
Moreover, the higher prevalence of DM 
was observed in two cohorts of Spanish 
pSS patients (23, 35), thus suggesting 
the importance of genetic and metabol-
ic background, dietary intake, lifestyle 
habits and local guidelines for DM 
screening. Nevertheless, the association 
between pSS and DM has been demon-
strated both in experimental and clinical 
studies and reinforces the hypothesis of 
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an autoimmune common background 
characterising the two diseases (36, 
37). On the other hand, the magnitude 
of the difference between studies (0-
10% versus 27-28%) warrants further 
investigation. In this setting, it may be 
argued that the low prevalence of DM 
detected in the majority of the stud-
ies, sometimes significantly reduced in 
comparison to general population (22), 
suggests a protective effect of antima-
larials, commonly employed in these 
patients (35), or may be ascribed to the 
lower dose of corticosteroid therapy 
used in pSS in comparison to other sys-

temic ADs, such as SLE or RA. Inter-
estingly, diabetic pSS patients are older 
at the diagnosis, have lower frequency 
of positive anti-nuclear antibodies and 
are characterised by a more aggressive 
disease, with increased risk of sys-
temic involvement and disease-related 
vasculitic manifestations (Raynaud’s 
phenomenon, vasculitis), suggesting 
that this metabolic alteration may con-
tribute to trigger inflammatory process 
and vascular damage in pSS (35). The 
presence of DM, however, does not ap-
pear to exert a significant impact on CV 
outcome in these patients (Table II).

Dylipidaemia
An impaired lipid profile, mainly char-
acterised by normal or increased to-
tal cholesterol, increased trygliceride 
and reduced high-density lipoprotein 
(HDL) levels, represents a major find-
ing in pSS patients, as also widely 
demonstrated in SLE and RA patients 
(Table I) (25). Notably, many studies 
showed significantly reduced levels of 
low-DL (LDL) cholesterol in patients 
in comparison to control subjects (16, 
17, 26, 31, 34). However, data are 
scarcely comparable due to the differ-
ent definitions of hypercholesterolae-

Table I. Prevalence of traditional CV risk factors in case-controls studies in pSS patients.

Author (Ref) Pts N. Age DD HTN DM Smoke BMI TC HDL LDL TG
Country (sex) yrs yrs  (%)  (%) (%) kg/m2 mg/dl mg/dl mg/dl mg/dl

Vaudo (11) 37 48±14 7 (1-15) 22 3 21 22±5 182±35 50±12* 120±31 97±44
Italy (100% F)  median 

Ramos-Casals (35) 254 52±1 136±4 NA 28 NA NA 34% NA NA 28%
Spain (92% F)  months     >250   >150

Rachapalli (30) 25 62±9 9±3 52 Ex NA NA 8% NA NA NA
UK (96% F)       HyperC ¶ 

Gerli (13) 45 44±8 8±5 13 0 18 23±4 190±46 50±15* 120±39 115±35
Italy (100% F) 

Perez-De-Lis (23) 312 55±1 NR 30* 27 19* 18% obesity# 30% 10% 21% 22%
Spain (95% F)       >250 < 40 >160 >150

Zardi (28) 18 70 (65-79) 7 (6-10) 39 0 17 26 (21-34) 201(172-248) 57 (25-89) 121 (83-141) 123(85-216) 
Italy (100% F)  median  median    median median median median median

Juarez (14) 538 59±12 NR 38 3 4* 20% 18% 13% 13% 24%
UK (100% F)      ≥30 ≥240 <40 ≥160 ≥150

Atzeni (46) 22 60±8 46±8 Ex Ex Ex 24±5 NR NR NR NR
Italy (73% F)  months 

Gravani (16) 64 57±12 8±7 36 6 8±17§ 27±5 195±34* 55±14 120±30* 103±43
Greece (F/M 15:1)  

Sabio (31) 44 52 (44-56) 6 (3-9)  30 7 23 25 (23-27) 9% 69 (51-83) 101*(87-128) 14%
Spain (100% F)  median median    median ≥240 median median ≥ 150

Bartoloni (22) 778 56±10 5±6 32 4* 13* 11%* 30% NA NA NA
Italy (100% F)      ≥30 HyperC° 

Balarini (17) 63 50±11 111±76 40 10 3 26±4 181±30* 51±11 102±26* 135±77
Brazil (75% F)  months 

Demirci (34) 75 54±9 10 (1-23) NR Ex 15 29±5 203±33 NR 121±32* NR
Turkey (100% F)  median 

Zardi (29) 25 NR 8 36 0 0 26 196 62 112 116
Italy (100% F)   median     median 

Augusto (26) 71 48±10 NR 32 6 4 28±6 178±40* 55±16 102±32* 105±45
Brazil (100% F) 

Wu (27) 4.175 50±17 NR 23 12 NA NA 17% NA NA NA
China (75% F)       Hyperlip∞ 

Values are mean±SD unless indicated otherwise. Statistically significant values vs. controls are in bold. *Lower vs. controls. § packs/year. # waist circumference >102 cm for men 
and >88 cm for women. ¶ total cholesterol to high-density lipoprotein cholesterol ratio >5. °TC > 240 mg/dl in ≥ 3 assays. ∞ICD-9 code: 272. Ex: exclusion criteria. Pts: patients; 
yrs: years; DD: disease duration; HTN: hypertension; DM: diabetes melltus; BMI: body mass index; TC: total cholesterol; HDL: high density lipoprotein; LDL: low density 
liprotein; TG: triglycerides; F: female; M: male; NA: not assessed; NR: not reported; HyperC: hypercholesterolaemia; Hyperlip: hyperlipaemia.
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mia employed and because many stud-
ies analysed mean fasting lipid values 
without calculating the prevalence of 
hypercholesterolaemia, hypertriglycer-
idaemia, high LDL and low HDL using 
established definitions (Table I).
In fact, mechanisms underlying the al-
tered lipid profile in pSS are quite com-
plex and represent an intriguing field to 
explore. Disease-related immunologic 
and inflammatory features have been 
demonstrated to be associated with the 
impaired lipid profile in pSS. In par-
ticular, pSS patients with circulating 
anti-SSA/SSB antibodies are charac-

terised by lower total cholesterol and 
HDL levels (12, 38). Higher frequency 
of antinuclear antibody positivity, a 
marker of immune system hyperactiv-
ity, and higher levels of erythrocyte 
sedimentation rate, which reflects a 
chronic inflammatory state, have been 
demonstrated in pSS subjects with dys-
lipidaemia and hypertriglyceridaemia, 
respectively, compared to normolipi-
daemic patients (14, 39). Moreover, 
total cholesterol and HDL levels have 
been associated with increased im-
munoglobulin G serum concentra-
tion, which is an indirect marker of B 

lymphocyte hyperactivity (11), further 
strenghtening the close relationship 
between disease-specific immunologic 
background and impaired lipid profile.
In contrast, hypertriglyceridaemia 
seems to be mainly related to a dif-
ferentiated clinical expression of the 
disease rather than to immunological 
markers. In particular, higher preva-
lence of parotid enlargement was ob-
served in hypertriglyceridaemic pa-
tients, although the difference was not 
statistically significant (35) and pa-
tients with hypertriglyceridaemia were 
more likely to have abnormal salivary 

Table II. Predictors of subclinical atherosclerosis and of CV events at multivariate analysis.

Author (Ref) Pts DD GC IS Subclinical CV Traditional CV Immunologic factors Other disease-related
Country sex yrs therapy therapy ATS events risk factors  factors

Vaudo (11) 37 7 (1-15) 54% HCQ c/f IMT   Anti-SSA Leukopenia
Italy (100% F) median former 40% Plaque*    (c/f IMT) (f IMT)

Rachapalli (30) 25 9±3 NR NR ABI NA   Disease duration
UK (96% F) 

Gerli (13) 45 8±5 38% HCQ 24% FMV   Anti-SSB, RF (NMV) VCAM-1,
Italy (100% F)  former  NMV    leukopenia (NMV)

Perez-De-Lis (23) 312 NR 41% HCQ 24%  IHD, stroke,  HTN
Spain (95% F)   IS 14%  PAD HDL< 40 mg/dl  

Zardi (28) 18 7 (6-10) 0% 0% c IMT° NA
Italy (100% F)  median    

Juarez (14) 538 NR 10% HCQ 30%  MI HTN Anti-SSA/SSB
UK (99% F)   IS 6%  stroke (all pts with CV events) (all pts with CV events) 

Atzeni (46) 22 46±8 32% HCQ NR CFR, cIMT§, NA
Italy (73% F) months  IS 45% PWV    

Gravani (16) 64 8±7 NR NR c/f IMT  Age
Greece (F/M 15:1)    Plaque*  (c/f IMT, plaque)  

Sabio (31) 44 6 (3-9) 21% HCQ 34% cfPWV NA MetS  SSDI
Spain (100% F) median  IS 23%     FRS

Bartoloni (22) 1343 5±6 45% HCQ 45%  MI, HF   CNS involvement
Italy (96% F)   IS 18%  stroke   GC/IS therapy

Balarini (17) 63 111±76 32% HCQ Carotid  HTN
Brazil (75% F) months  40%  plaque¶  HyperTG  

Demirci (34) 75 10 (1-23) 14% IS cfPWV  MAP, LDL levels
Turkey (100% F) median  10%   

Zardi (29) 25 8 0% 0% c IMT° NA   Disease duration
Italy (100% F)  median 

Wu (27) 4.175 NR 11% HCQ, IS  CHD HTN  SS, age, male sex
China (75% F)   16%   Hyperlip  

Values are mean (±SD) unless indicated otherwise.
Pts: patients; yrs: years; DD: disease duration; GC: glucocoticoid; IS: immunosuppressive; ATS: atherosclerosis; CV: cardiovascular; c/f: carotid/femoral; IMT: intima-media 
thickness; FMV: flow-mediated vasodilation; NMV: nitrate-mediated vasodilation; RF: rheumatoid factor; MAP: mean arterial pressure; ABI: ankle brachial index; HTN: hy-
pertension; VCAM-1: vascular cell adhesion molecule-1; SSDI: Sjögren’s syndrome damage index; MI: myocardial infarction; IHD: ischaemic heart disease; HF: heart failure; 
PAD: peripheral artery disease; CHD: chronic heart disease; FRS: Framingham risk score; MetS: metabolic syndrome; CNS: central nervous system; Hyperlip: hyperlipaemia; 
HyperTG: hypertriglyceridaemia; LDL: low-density lipoprotein; SS: Sjögren’s syndrome.
*Arterial wall thickening: mean carotid IMT>0.90 mm. Plaque: focal protrusion > 50% of the surrounding wall.
¶Protrusion into the lumen >0.5 mm or a protrusion into the lumen >50% of IMT at adjacent area or IMT ≥1.5mm
§Distance between the leading edges of the lumen interfaces and the media/ adventitia interface of the far wall.
°Distance between the interface of the complex “media-adventitia” and the interface of the complex “lumen-intima”.
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flow test findings (14). Izumi et al. ana-
lysed the main clinical features of 24 
patients with sicca syndrome related 
to dyslipidaemia, including 50 patients 
with pSS as control group. They found 
parotid gland enlargement in all pa-
tients with hypertriglyceridaemia, but 
in none of those with hypercholesterol-
aemia, suggesting a close relationship 
between parotid gland enlargement and 
high serum triglyceride levels (40). 
Finally, the abnormal lipid metabo-
lism represents a factor associated with 
higher risk of subclinical atherosclero-
sis and of CV events in these patients 
(Table II). Hypertriglyceridaemia, re-
duced HDL, LDL levels and hyper-
lipaemia resulted significant predic-
tors of accelerated atherosclerosis, in 
particular of increased aortic stiffness 
and carotid plaque, as well as of clini-
cally manifested CV events, including 
ischaemic heart disease, stroke and pe-
ripheral artery disease (17, 23, 27, 34).
In conclusion, the presence of a specific 
altered lipid profile in pSS is associated 
with a pattern of clinical and immuno-
logical disease phenotype. As shown in 
RA, the cause of abnormal lipid profile 
in pSS may be multifactorial and is yet 
to be fully explored. It may be hypoth-
esised that the disease itself may cause 
this altered metabolic profile as a result 
of the persistent chronic inflammation 
or that patients with pSS may have a 
genetic background predisposing to 
metabolic alterations. In this setting, 
corticosteroid use does not seem to be 
associated with increased prevalence 
of dyslipidaemia in these patients (14) 
except for higher frequency of DM ob-
served in patients treated with corticos-
teroids (23, 35).

Obesity
As illustrated in Table I, up to 18% of 
pSS patients were obese according to 
BMI value. However, mean BMI re-
sulted similar in patients and controls 
except in a cohort study from Italy 
where a statistically significant lower 
prevalence of obesity characterised 
pSS in comparison to healthy women 
(22). This may suggest that, as demon-
strated in RA, the role of obesity in pSS 
is complex and that lower BMI may 
reflect uncontrolled systemic inflam-

mation, thus hypothesising also in these 
patients the paradoxical association be-
tween low BMI and increased risk of 
CV events. Nevertheless, it is important 
to consider that metabolic syndrome, 
reflecting a clustering of traditional and 
metabolic CV risk factors including 
obesity and visceral adiposity, insulin 
resistance, dyslipidaemia and hyperten-
sion, is now recognised as an important 
CV risk factor in pSS (26). Primary SS 
patients with metabolic syndrome have 
higher BMI, waist circumference and 
body fat mass, reflecting central obe-
sity, in comparison to patients without 
metabolic syndrome (26). Interest-
ingly, the pSS patients with metabolic 
syndrome had greater serum levels of 
leptin and interleukin-1β in comparison 
to the other group, suggesting a close 
relationship between chronic inflamma-
tion, characterised by the production of 
interleukin-1, and visceral obesity and 
insulin resistance, which are associated 
with leptin production (26). Moreover, 
a number of metabolic syndrome cri-
teria was associated with arterial stiff-
ness measured by pulse wave velocity, 
suggesting a direct involvement of this 
metabolic alteration on incident athero-
sclerosis in pSS patients (31).

Smoke
The proportion of current smokers in 
the pSS groups is globally lower than 
that in the general population and this 
has been related to the exacerbation of 
oral and ocular discomfort by smok-
ing in these patients. It is interesting 
to note that cigarette smoking exerts a 
well-recognised adverse effect in pa-
tients with some autoimmune diseases; 
in particular, in RA, smoking repre-
sents the main environmental exposure 
implicated in disease development and 
progression. On the other hand, smoker 
patients with pSS do not have an in-
creased risk of extraglandular manifes-
tations and are characterised by lower 
salivary gland biopsy focus score and 
lower frequency of anti-SSA/SSB 
antibody positivity compared to non-
smokers (41). However, considering 
that women with RA are less likely 
to be smokers in comparison to male 
patients and that the smoking-related 
CV risk is lower for women, it may be 

hypothesised that smoke represents a 
minor CV risk factor in women with 
pSS (42).

The interaction between traditional 
risk factors and disease-specific 
features
The demonstration that CV risk is in-
creased in pSS even after adjusting for 
traditional CV risk factors suggests that 
the disease itself may represent an inde-
pendent risk factor for CV disease (16, 
31). However, the relationship between 
disease-related inflammatory and auto-
immune features, traditional CV risk 
factors and risk of CV disease needs to 
be further explored. Large population-
based studies demonstrated that higher 
frequency of traditional CV risk is as-
sociated with peculiar disease features 
in these patients. In particular, Spanish 
patients with at least three CV tradi-
tional risk factors had a different profile 
characterised by higher frequency of 
extra-glandular manifestation, in par-
ticular liver and central nervous system 
involvement, higher mean levels of C-
reactive protein and received corticos-
teroids more frequently in comparison 
to patients without traditional risk fac-
tors (23). Interestingly, central nervous 
system involvement and ever use of 
glucocorticoid and immunosuppressive 
therapies, indirect markers of a more 
aggressive disease, were independent 
predictors of higher risk of CV events 
in an Italian cohort (22).
On the other hand, the link between 
traditional CV risk factors and disease-
specific markers of immune system ac-
tivation requires better clarification. In 
the same Spanish cohort, presence of 
at least three traditional CV risk factors 
was associated with a lower percentage 
of circulating gamma globulins (23). 
Similar results were demonstrated in 
a large Italian cohort where patients 
without traditional risk factors pre-
sented circulating anti-SSA/SSB anti-
bodies, leukopenia, hypergammaglob-
ulinaemia and hypocomplementaemia 
more frequently than subjects with one 
or more CV disease risk factors (22). 
Hypercholesterolaemia was associated 
with lower frequency of immunological 
markers such as anti-SSA/SSB antibod-
ies and low C3 and C4 levels in a large 
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Spanish cohort (35), while pSS Italian 
patients with circulating anti-SSA/SSB 
antibodies and leukopenia were char-
acterised by lower total cholesterol and 
HDL-cholesterol levels in comparison 
to controls (11, 12). 
This suggests that, in pSS patients, CV 
risk factors may worsen or trigger in-
flammatory processes in contributing 
to systemic involvement, while the 
number of CV risk factors is associated 
with a poorer disease immunological 
expression. Further studies are needed 
to better clarify the role of immunolog-
ic profile in the increased CV. Indeed, 
although anti-SSA and leukopenia are 
associated with subclinical atheroscle-
rosis (11, 13), no relationship was ob-
served between these autoantibodies 
and risk of CV events except for higher 
risk of angina in leukopenic patients in 
comparison to patients with normal leu-
kocyte count (22, 31). 
Nevertheless, other factors may con-
tribute to incident atherosclerosis in 
these patients. Interestingly, cumulative 
damage and longer disease duration, 
reflecting the effect of long-standing 
systemic inflammation and greater im-
munologic imbalance, were indepen-
dently associated with increased risk 
of subclinical atherosclerosis in these 
patients (28, 30, 31).

Conclusions
Optimal management and prevention of 
traditional CV disease risk factors con-
tinues to be an important goal of CV 
disease risk management in patients 
with systemic ADs as demonstrated by 
the relevant importance of these factors 
in determining the increased risk of CV 
morbidity and mortality observed in 
these patients (43). In this setting, pSS 
represents and interesting and still un-
explored model to investigate the role 
of traditional CV risk factors and their 
interaction with inflammatory and au-
toimmune pathogenic mechanisms in 
determining the increased risk of CV 
events. As widely demonstrated for 
other systemic inflammatory and ADs, 
such as RA, SLE and systemic scle-
rosis (44), also pSS is associated with 
increased overall risk of incident ath-
erosclerosis, assessed by different in-
strumental methods, and of manifested 

CV events (5, 10). Moreover, as dem-
onstrated in other ADs, multiple fac-
tors concur to the pathogenesis of CV 
atherosclerotic damage in pSS patients. 
In this setting, a recent study demon-
strated that impaired sleep is associated 
with a significant higher risk of sub-
clinical atherosclerosis in pSS patients 
even after adjustment for traditional 
CV risk factors, thus suggesting that 
multiple different factors contribute to 
atherosclerosis in these patients (45). 
The analysis of available studies sug-
gests that some traditional CV risk fac-
tors, namely HTN, hypertrygliceridae-
mia and metabolic syndrome, are more 
prevalent in pSS in comparison to age 
and sex-matched general population 
and that these factors may exert a role 
in determining the higher prevalence of 
subclinical atherosclerotic damage, as 
detected by impaired endothelial func-
tion and coronary flow reserve and by 
increased intima-media thickness and 
arterial stiffness. Of great importance, 
some traditional CV risk factors, in par-
ticular HTN and altered lipid profile, 
seem to be significantly associated with 
increased risk of CV events, thus sug-
gesting the importance of proper con-
trol and management of HTN and dys-
lipidaemia, in particular hypertryglic-
eridaemia, in these patients to prevent 
progression from subclinical athero-
sclerosis to CV events. However, the 
evaluation of CV risk profile in these 
patients is strictly linked to the analy-
sis of disease-related inflammatory and 
immune markers which have been dem-
onstrated to exert a direct role in athero-
sclerotic damage and CV morbidity and 
mortality. In this setting, it is intriguing 
the demonstration that longer disease 
duration, disease damage and more 
active disease with extra-glandular in-
volvement and systemic manifestations 
are factors to be considered and ad-
dressed as potential players in increase 
CV events. Indeed, it may be specu-
lated that a peculiar disease phenotype 
characterised by systemic involvement, 
presence of damage related to a chronic 
and active disease and specific immu-
nologic profile should be considered 
at higher risk to develop CV disease 
and, consequently, more aggressively 
treated to prevent this risk. In this set-

ting, however, how and to what extent 
traditional CV risk factors and disease-
associated features are correlated with 
precocious subclinical atherosclerotic 
damage and CV events need to be more 
deeply analysed. Furthermore, knowl-
edge of the substantial proportion of 
CVD risk attributable to disease activ-
ity and severity is extremely important 
in order to reduce the risk of CV events 
in these patients. Undoubtedly, address-
ing interaction between chronic inflam-
mation, immune system dysregulation, 
CV disease and other comorbidities in 
patients with pSS has to be acknowl-
edged and directly targeted to improve 
CV prevention. Further studies involv-
ing wider number of patients are need-
ed to investigate optimal management 
of these patients in order to prevent CV 
mortality and to drive guidelines specif-
ically addressed to proper management 
of traditional CV risk factor in order to 
prevent CV events. 
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