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Abstract Systemic Sclerosis (SSc) is an autoimmune
disorder characterized by microvascular injury and dif-
fuse fibrosis of the skin and internal organs. While macro-
vascular disease and higher risk for cardiovascular events
are well documented in other systemic rheumatic diseases
such as rheumatoid arthritis and systemic lupus erythema-
tosus, the presence and extent of atherosclerosis among
patients with SSc is yet to be established. Primary cardiac
involvement, due to impairment of coronary microvascular
circulation and myocardial fibrosis, considerably affects
prognosis and life expectancy of individuals with SSc, rep-
resenting one of the leading causes of death in this popu-
lation. On the other hand the existence and prevalence of
atherosclerotic coronary disease remains an issue of debate
as studies comparing structural and morphological markers
of atherosclerosis and cardiovascular events between SSc
patients and the general population have yielded controver-
sial results. The aim of this review is to summarize recent
literature about the prevalence of cardiovascular disease in
SSc, review the surrogate markers of CVD that have been
evaluated and examine whether common pathogenic mech-
anisms exist between SSc and macrovascular disease.
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Introduction

Systemic Sclerosis (SSc) is a rare connective tissue disease
characterized by endothelial dysfunction, dysregulation of
innate and adaptive immunity and extensive fibrosis. The
prevalence of SSc ranges from 50 to 300 cases per million
depending on the geographical region, with a higher inci-
dence observed in North America, Southern Europe, and
Australia [1, 2]. Women are affected more frequently than
men (3:1-14:1) and the average age of onset and diagnosis
is in the fifth decade of life [3]. SSc is a heterogeneous dis-
order affecting many internal organs and with a wide range
of prognosis. It is commonly classified in two subtypes:
diffuse cutaneous and limited cutaneous SSc. In the former,
fibrosis is mainly restricted to distal extremities and face,
while Raynaud’s phenomenon is typically present before
skin and visceral involvement. In contrast, diffuse SSc pre-
sents with a more aggressive progression characterized by
severe manifestations such as extensive skin fibrosis, ten-
don contractures, interstitial lung disease and renal crisis.
Pulmonary arterial hypertension (PAH), which imparts a
high risk of mortality, occurs equally in both disease sub-
sets [4].

Small vessel disease dominates the pathophysiology and
clinical manifestations of SSc but there is increasing inter-
est in large-vessel involvement, particularly atherosclerotic
cardiovascular disease (CVD). It is well established that
other autoimmune rheumatic diseases such as rheumatoid
arthritis (RA) and systemic lupus erythematosus (SLE)
associate with accelerated atherosclerosis and higher risk
for CVD events such as stroke and myocardial infarction
[5]. The relative risk for patients with SSc remains unclear.

In this review, we summarize recent epidemiological
studies about the prevalence of CVD in SSc in comparison
with the general population and/or other rheumatic diseases,
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and address the question whether common pathogenic
mechanisms exist between SSc and macrovascular disease.

Search strategy

The online databases MEDLINE and EMBASE were
searched until January 2016 for either research papers or
review articles concerning the micro- and macro-vascular
involvement in SSc. The following terms were used as key-
words to search for relevant publications: systemic sclero-
sis, scleroderma, myocardial fibrosis in combination with
micro- and macro-vascular disease, cardiac involvement,
atherosclerosis, cardiovascular disease and coronary arter-
ies. Articles that had been published as full journal articles
in English were included in our review. Poster presenta-
tions, conference proceedings, not accessible abstracts, data
from ongoing pharmaceutical research and not translated in
English reports were excluded [6].

Atherosclerosis and CVD in autoimmune
rheumatic diseases

Several systemic autoimmune disorders are associated with
premature atherosclerosis and a higher risk for develop-
ing CVD. For example patients suffering from RA—the
most extensively studied systemic inflammatory disease in
this field—have considerably higher CVD morbidity and
mortality compared to general population to the point that
RA is now considered an independent risk factor for early
atherosclerosis and CVD [7, 8]. Similarly higher rates of
vascular disease and CVD events have been demonstrated
in seronegative arthropathies, SLE and systemic vasculi-
tis [9, 10]. Although traditional CVD risk factors, such as
smoking, arterial hypertension and hyperlipidaemia appear
to be more prevalent, underdiagnosed and undertreated in
aforementioned conditions, they are not sufficient on their
own to explain the higher rates of CVD events and deaths
observed in these patients [11]. It is now well-documented
that the aetiology of vascular injury in systemic inflamma-
tory diseases is multifactorial with several distinct mecha-
nisms affecting each other on several levels. Interrelations
between systemic inflammation, autoimmune activation,
coagulation disturbances and potential cardiotoxic effects
of anti-rheumatic medications constitute an important con-
tributor to excess CV risk common in all systemic disorders
[12]. Coronary microvascular dysfunction is another one
player recently acknowledged and studied in the majority
of systemic inflammatory diseases [13]. In addition disease
specific mechanisms may have a further input in height-
ening CVD risk in different disease settings. For example
psoriatic arthritisis is associated with a worse metabolic
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profile compared with other inflammatory arthritides [14]
whistle the presence of anti-endothelial cell and anti-phos-
pholipid antibodies represent an additional mechanism
promoting vascular disease and atherosclerosis in SLE
[15]. The links between classic CVD risk factors, systemic
inflammatory load and autoimmune dysregulation are not
fully understood but these pathways appear to be interde-
pendent suggesting that potential therapeutic benefits of
targeting systemic inflammation is likely to reduce CVD
risk. To lend more support substantial amount of evidence
has demonstrated that conventional and biologic disease
modifying drugs not only control systemic inflammatory
procedure but also exert beneficial effects on the vascular
function [16, 17] and metabolic parameters such as insu-
lin resistance [18, 19]. On the other hand anti-inflammatory
treatment may exhibit detrimental effects on CVD risk pro-
file by increasing blood pressure, worsening established
heart failure and increasing lipid levels [20]. All the above
underline the complexity of the mechanisms involved in
vascular mortality associated with systemic inflammatory
diseases and outline potential areas of interest and research
in Ssc where different pathophysiologic pathways such as
dysregulation of connective tissue remodelling, fibrosis of
internal organs and endothelial cell activation interfere with
systemic inflammation leading to cardiac and vascular dis-
ease and high CVD mortality [21].

Atherosclerosis and CVD in SS
Epidemiological and clinical data

In the past, the main cause of mortality in patients with SSc
was scleroderma renal crisis, but the introduction of angi-
otensin-converting enzyme (ACE) inhibitors in the 1980s
drastically improved the prognosis of renal complications
[22]. In the present era, cardiopulmonary complications
such as heart failure, pulmonary fibrosis and hypertension
represent the leading causes of death in SSc [23].

Impairment of coronary microvascular circulation and
cardiac tissue fibrosis are the hallmark of SSc-related
myocardial dysfunction. Macrovascular involvement was
thought to have a lesser effect on CVD and overall mor-
bidity. However, recent data and case reports suggest that
coronary and cerebral vascular disease might be at least
partially responsible for high morbidity and mortality rates
associated with cardiac disease among SSc subjects [24—
28]. A meta-analysis by Au et al. confirmed that patients
with SSc are indeed at a higher risk of atherosclerosis, but
its pattern appears to be less aggressive compared with
other rheumatic diseases, such as SLE and RA [29].

A large cohort study investigating mortality and causes
of death among 344 Danish SSc patients demonstrated that
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25 % of deaths were due to cardiovascular causes including
acute myocardial infarction, heart failure and cerebrovas-
cular event, in comparison with 26 % which were directly
attributable to the disease, mainly caused by SSc renal cri-
sis and pulmonary artery hypertension [27]. Another study
by Hesselstrand et al. in 1998 showed approximately 20 %
of deaths to be related to CVD [28]. An extended study
from the European League Against Rheumatism (EULAR)
Scleroderma Trials and Research (EUSTAR) database in
2010 showed that 55 % of deaths were directly SSc-related.
Interestingly, 26 % of SSc-related deaths were attribut-
able to cardiac causes, mainly heart failure due to PAH
and pulmonary fibrosis and arrhythmias without existing
cardiomyopathy. Among non-SSc-related fatalities though,
almost one-third of patients’ deaths (29 %) were related
to cardiovascular events, which were defined as myocar-
dial infarction, non ischemic left heart failure, stroke and
arrhythmias [29]. A recent study by Dave et al. investi-
gated the atherosclerotic CVD in hospitalized patients with
systemic sclerosis by utilizing US Nationwide Inpatient
Sample [30]. A total number of 308,452 hospitalizations
of SSc were included 5.4 % of which, were related to car-
diovascular causes. Intriguingly, CVD-related hospitaliza-
tions of SSc patients presented a significantly higher ratio
of mortality than similar hospitalization of other rheumatic
diseases such as SLE and RA. This increased mortality
ratio in SSc patients might be explained by primary heart
involvement, calcification of valvular structures and both
microvascular and macrovascular damage which increases
the total risk of CVD (Fig. 1).

Regarding macrovascular atherosclerotic disease Man
et al. [31] carried out a large cohort study utilizing a UK
primary care database from 1986 to 2011. The study
included 865 patients and demonstrated that the incidence
rate for myocardial infarction and stroke was 4.4 and 4.8
per 1000 person/year in SSc respectively compared with
2.5 and 2.5 in 8643 controls. Furthermore, the Australian
Scleroderma Cohort Study confirmed an approximately
threefold increased prevalence of coronary heart disease
in 850 SSc patients compared with controls, including a
history of myocardial infarction, percutaneous coronary
intervention and coronary artery bypass, taking also into
account conventional risk factors [32, 33]. More recently
Zubieta et al. confirmed these findings by demonstrating in
a cohort of 1239 SSc patients a significant increased risk
for myocardial infarction and stroke (HR 3.49 and 2.35
respectively) in a well-characterised cohort of 1239 SSc
patients compared with age and sex matched controls [34].

In conclusion rapidly increasing amount of evidence
suggest that macrovascular coronary and cerebral athero-
sclerotic disease might have a crucial—unrecognised and
underestimated until recently—impact on cardiovascular
morbidity and mortality. It appears that cardiovascular risk

is increased in SSc patients compared to the general popu-
lation however the heterogeneity of the studies regarding
methodology, definition of CVD events, cohorts size, and
outcomes does not allow definite conclusions to be drawn.
Clearly further research is warranted to determine the prev-
alence of accelerated atherosclerosis in this population. In
that respect the presence of SSc-related mechanisms of
cardiac damage—namely vasospasm and structural altera-
tions of coronary microvasculature—as well as the effects
of immunosuppressive treatment on total cardiovascular
risk need to be taken into account in the design of future
prospective studies in large cohorts with hard pre-defined
cardiac end points and accurate characterisation of cardio-
vascular events.

Coronary arteries

The first autopsy study to assess the coronary arteries in
SSc patients was carried out in 1969. D’ Angelo et al. [35]
compared 58 patients with SSc with 58 matched controls
and the results suggested a significant increase in athero-
sclerotic lesions in small coronary arteries and arterioles
in patients with SSc. However, no difference was reported
in medium-size coronary arteries between patients and
controls. A later retrospective cohort study investigated
the macrovascular involvement in females with limited
SSc assessing the distribution of vascular disease in the
peripheral, coronary and cerebral arterial territories, noted
a higher relative risk for peripheral macrovascular disease
but no significant difference in the prevalence of coronary
artery disease compared to controls [36]. Notably, the pres-
ence of coronary heart disease was correlated with PAH.
Komocsi et al. [37] reported the strong relation between
PAH and coronary heart disease by using right heart cath-
eterization and coronary angiography in 30 SSc patients.

A retrospective review of 1009 hospital admissions of
SSc patients showed that coronary artery disease was not
a major reason for hospitalization and mortality; only 11 of
them (1.09 %) were admitted for acute myocardial infarc-
tion [38]. The diagnosis of acute myocardial infarction was
made by measuring serum myocardial creatinine kinase
and assessing electrocardiographic changes. Three of these
patients had normal coronary arteries on cardiac catheteri-
zation and left ventricular hypertrophy was the predomi-
nant electrocardiographic finding. Seven of these patients
had significant renal impairment though, which might com-
plicate the results by affecting the levels of serum myocar-
dial creatinine kinase.

Data from SSc patients with no clinical history of CVD
disease also showed interesting results. A small study in
17 patients with SSc by Khurma et al. [39] demonstrated
by calculating coronary calcium score that the prevalence
of subclinical coronary atherosclerosis is greater in SSc
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Table 1 Summary of the studies assessing the prevalence of coronary artery disease in SSc

Author Type of study Population CVD outcome variables Results

Jacobsen et al. [27] Retrospective study 344 SSc patients Causes of death (n = 160) 25 % CVD-related (MI, HE,
Cerebral palsy)

Hesselstrand et al. [28] Retrospective study 249SSc patients Causes of death (n = 49) 20 % CVD-related

Tyndall et al. [29] Retrospective study (EUS- 5860 SSc patients Causes of death (n =284) 26 % of SSc related causes

TAR)

Ngian et al. [32] Retrospective study

controls

Man et al. [31] Retrospective study

Dave et al. [30] Retrospective study

SSc patients

Zubieta et al. [34] Retrospective study

850 SSc patients/15,787

865 SSc patients
Comparison cohort

308.452 Hospitalizations of

1239 SSc patients
10 Controls for each case

29 % of non-SSc related
causes (MI, HF, Stroke,
PE, arrhythmias)

OR: 1.9 for CHD

OR: 3.2 for CVD

HR: 1.80 for MI
HR: 2.61 for stroke
HR: 4.35 for PVD

5.4 % of Hospitalizations

CHD (PCIL, CABG, MI)—
CVD

Risk of MI, stroke and PVD

Coronary artery disease
Mortality

MI, strokes HR: 3.49 for MI

HR: 2.35 for strokes

SSc systemic sclerosis, CHD coronary heart disease, MI myocardial infarction, PCI percutaneous coronary intervention, HF heart failure, CABG
coronary artery bypass grafting, PE pulmonary embolism, CVD cardiovascular disease, OR odds ratio, HR hazard ratio

patients compared to 17 matched healthy controls. Tarek
et al. [40] also performed a small angiographic study in 14
asymptomatic SSc (5 limited, 9 diffuse) female patients.
Coronary catheterization showed a total of 19 angiographic
abnormalities, while three out of five patients with limited
SSc presented stenosis, but none from the diffuse group.
Even though both studies included a small number of
patients, their findings suggest that atherosclerosis might
affect coronary arteries quite early in asymptomatic SSc
patients. In summary, studies aiming to assess the presence
of macrovascular coronary lesions atherosclerosis in SSc
patients have provided conflicting data (Table 1). The fact
that the majority of these studies included a small number
of patients does not allow safe estimations for the preva-
lence of coronary artery disease in SSc indicating for one
more time the need for further well-designed studies.

Carotid arteries

Several studies have evaluated the prevalence of atheroscle-
rosis in carotid arteries in patients with SSc by ultrasonog-
raphy. Increased carotid intima-media thickness (CIMT) is
well recognized to be associated with conventional CVD
risk factors and future CVD events such as stroke and coro-
nary heart disease [5]. In the context of SSc a few studies
demonstrated significantly increased CIMT in SSc patients
compared with controls [40—47]. Subclinical atherosclero-
sis was correlated in some studies with different parameters
including age, lipid profile, anti-topoisomerase-I (anti-
Scl-70) antibodies, or even genetic features such as ACE
polymorphisms. On the other hand, multiple other studies
failed to demonstrate a difference in CIMT values between
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SSc patients and controls [48-51]. Regarding the preva-
lence of atherosclerotic plaque in carotid arteries, Ho et al.
[52] showed that 64 % of a total of 52 SSc patients had
carotid artery disease compared with only 35 % of the con-
trols; no significant differences in traditional cardiovascular
risk factors were reported. In addition, Schiopu et al. [53]
showed that SSc patients had a higher prevalence of carotid
plaque than matched controls and patients with plaque had
increased levels of angiogenic and fibrotic factors; no dif-
ferences in CIMT were reported though. Interestingly a
recently published study [54] found that subclinical athero-
sclerosis assessed by carotid arteries ultrasonography was
equally prevalent among 110 SSc and 110 age and sex-
matched RA individuals providing further support to the
notion that atherosclerosis should be carefully evaluated
in SSc. Today it remains unknown whether morphologi-
cal or structural markers of accelerated atherosclerosis are
increased in patients with SSc as a number of controlled
studies have yielded inconclusive results (Table 2). How-
ever the small numbers of patients and controls groups as
well as the variation in the methological and sonographic
assessment underline for one more time the necessity for
large prospective clinical trials with pre-defined assessment
protocols and outcomes.

Peripheral arteries

Several techniques have been used to evaluate the preva-
lence of peripheral artery disease in SSc patients: ankle
brachial pressure index (ABPI) for lower extremities, blood
pressure inter arm difference for proximal arterial disease
of the upper extremities, pulse wave velocity and pulse
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Table 2 Overview of
studies investigating various

assessments of atherosclerosis

in SSc patients

89
Author Population Parameter assessed Parameter value )4
Domsic et al. [104] 15SSc/15 cont. CIMT 0.70/0.69 (mm) 0.92
Schiopu et al. [53] 46 f SSc/46 cont. CIMT 0.59/0.56 (mm) 0.07
Plaques 45.6/19.5 (%) 0.01
Piccione et al. [50] 22 SSc/20 cont. CIMT 1.1/1.0 (mm) NS
PWV 6.5/5.2 (m/s) 0.003
Liuetal. [51] 25 SSc/25 cont. CIMT 0.466/0.447 (mm) NS
PWV 7.9/6.9 (m/s) <0.05
Hettema et al. [48] 49 SSc/32 cont. CIMT p = 0.067 0.067
Turiel et al. [105] 20 SSc/20 cont. CIMT 0.69/0.55 (mm) 0.0006
PWV 7.8/6.3 (m/sec) 0.03
Tsifetaki et al. [47] 66 SSc/51 cont. CIMT 0.77/0.59 (mm) <0.0001
Bartoli et al. [43] 53 SSc/53 cont. CIMT 0.85/0.68 (mm) <0.03
Kaloudi et al. [45] 66SSc/20cont. CIMT 0.90/0.69 (mm) <0.01
Sherer et al. [42] 44 SSc/32 cont. CIMT 43 %/28 % > 0.9 mm 0.026
Bartoli et al. [44] 35 Ssc/20 cont. CIMT 0.93/0.77 (mm) 0.005
Ho et al. [52] 54 SSc/43 cont. Carotid disease 64/35 (%) 0.007

CIMT carotid intima media thickness, PWV pulse wave velocity, SSc systemic sclerosis, cont. controls, NS

not significant

wave analysis for arterial stiffness [5]. Youssef et al. [36]
found a significantly higher prevalence of peripheral vascu-
lar disease in SSc patients compared with controls (58 vs.
10 %). Seven studies assessed macrovascular endothelial
function with brachial artery flow-mediated vasodilation
but the results were inconclusive. Some of them showed
impairment of vascular function in SSc patients compared
to healthy controls [40, 41, 55, 56]. However, these find-
ings were not confirmed in other studies [57, 58]. Moreo-
ver, in a small study by Stucker et al. [57], 27 out of 29 SSc
patients had a stenosis of the arteries of the upper extremi-
ties. The severity of Raynaud’s phenomenon was not cor-
related with the severity of the angiographic findings, but
anti-Scl-70 antibodies were more frequent among patients
with arterial occlusions and stenosis refractory to vasodila-
tor drugs, particularly tolazoline hydrochloride.

Evaluation of vascular morphology in other anatomical
areas of the arterial tree is also of great interest. An autopsy
case—control study of 35 SSc patients showed a prominent
increase in intimal thickening of medium and large renal
vessels of patients with diffuse cutaneous SSc without a his-
tory of scleroderma renal crisis [58]. Another retrospective
cohort study of 20 SSc patients examined arteries from the
limps, neck, and abdomen by using Doppler [59]. The lunar
arteries were significantly narrower in SSc than of those of
20 matched for age, sex, and the presence/absence of hyper-
tension, hyperlipidaemia, smoking, and diabetes status-
controls. However these small studies are not sufficient to
conclude whether peripheral macrovascular disease is more
prominent in SSc patients and more importantly whether it
does contribute to CVD mortality in this condition.

Pathogenic mechanisms for CVD in systemic
sclerosis

Traditional risk factors

The prevalence of traditional CVD risk factors in SSc has
not been assessed in large prospective studies. However,
the current amount of evidence suggest that traditional
CVD risk factors do not seem to differ considerably in SSc
patients [33, 60] compared to general population. Zako-
poulos et al. examined 40 SSc patients and 45 controls, but
it demonstrated no difference in blood pressure on 24-h
ambulatory blood pressure monitoring between the two
groups [61]. Another study examining 48 SSc patients and
46 healthy controls demonstrated a slight increase in blood
pressure and fasting glucose as well as a lower body mass
index in SSc patients [62].

Regarding cholesterol levels in SSc patients, the results
are also contradictory. Lippi et al. [63] examined lipid
profile of 31 female SSc patients and 33 matched healthy
controls to investigate the potential contribution of lipid
abnormalities to vascular complications. SSc patients pre-
sented significant differences in median and 25-75th per-
centile distribution of lipoprotein[a] compared with the
control group. Nevertheless, all other parameters (e.g., total
cholesterol, low density lipoproteins, high density lipopro-
teins, triglycerides, atherogenic index of plasma) presented
no adverse alterations. In contrast, another study by Borba
et al. [64] having examined fasting lipids in 24 female
SSc patients and 24 matched controls demonstrated lower
levels of low density lipoproteins and total cholesterol.
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Fig.1 Vascular disease in SSc. Endothelial cell activation due to
various reasons, for example hypoxic stimuli, is the main event in
the initiation and perturbation of vascular dysfunction leading to
the pathological changes and clinical manifestations of the disease.
Endothelial cell injury and the subsequent overexpression of adhe-
sion molecules intravascularly results in the recruitment of immune
cells and the derangement of vascular homeostasis. Local tissue
ischemia accompanied by the production of such mediators induces
fibrosis of internal organs including cardiac tissue. Primary cardiac
disease due to patchy myocardial fibrosis is the major contributor to
heart involvement associated with progressively advanced functional
and structural impairment of the myocardium. The presence of pul-

Interestingly, these findings were clinically correlated with
PAH and immunologically with anti-centromere antibod-
ies. Szucs et al. [55] reported that SSc patients might have
elevated levels of low density lipoproteins, homocysteine,
and CRP, all of which are associated with an elevated risk
for atherosclerosis.

In conclusion there is no robust data to support that
traditional CVD risk factors are more prevalent in SSc
patients and are linked with increased rates of cardiac com-
plications and mortality in this condition.

Endothelial dysfunction

Endothelial cell activation is the central immunologic and
inflammatory disturbance resulting in the characteristic
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monary hypertension irrespective of the underlying mechanism—
arterial pulmonary hypertension, hypoxia-induced in case of inter-
stitial lung fibrosis or venoo-occlusive disease—adversely affects
myocardial performance in direct or indirect way. On the other hand
inflammatory vascular injury and atherosclerosis share several com-
mon pathogennetic mechanisms and vascular abnormalities related to
SSc may promote the formation and development of atherosclerotic
plaque in this population. However macrovascular atherosclerotic
disease resulting in CVD events such as myocardial infraction, stroke
and peripheral vascular disease remains an issue of debate; despite
conflicting data it seems that atherosclerosis have an impact to the
increased CVD mortality rates in SSc patients

widespread vasculopathy, typical for SSc. It appears that
endothelial injury occurs early in the course of the disease
as SSc individuals exhibit early signs of vasculopathy such
as Raynaud’s phenomenon associated with morphological
changes in capillaries before or at disease onset. Although
the identity of the initial stimuli remains unclear endothelial
cell insult is considered the main driver of vascular changes,
excess matrix production and connective tissue accumulation
characterizing SSc [65]. Activated endothelial cells upregu-
late the expression of adhesion molecules and promote
inflammatory cell migration, intimal fibrosis and fibroblast
proliferation leading to disruption of the balance between
turnover and deposition of extracellular proteins and to
the derangement of endothelium homeostasis by induc-
ing the production of vasoconstriction mediators—mainly
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endothelin-1—and by downregulating the synthesis of vaso-
dilators such as nitric oxide and prostacyclin [64, 66].

Dysregulation of apoptosis can also be involved in
impaired vascular function in SSc. Environmental stimuli
can promote endothelial cells apoptosis, which have been
shown to be associated with CVD pathologies including
atherosclerosis, thrombosis and connective tissue diseases
[67]. Particularly in SSc, endothelial cells apoptosis is an
important component of vascular damage and it is medi-
ated by anti-endothelial cell antibodies via Fas-dependent
pathway [67-69]. Whether such changes in endothelial
cells function associated with inflammatory and fibrotic
processes are involved in the development of atheroscle-
rotic vascular disease and to which extent remains to be
determined in SSc.

Primary heart involvement in SSc

Primary heart involvement in SSc is difficult to be esti-
mated accurately for multiple reasons including the long
asymptomatic course of the disease, the variety of clinical
manifestations, the diagnostic method, and the definition
used to characterize the disease. For example, endomyo-
cardial biopsy studies have revealed myocardial involve-
ment in the vast majority of SSc patients, while echocar-
diography based studies showed that only 2-5 % of SSc
patients have abnormal left ventricular injection fraction.
Cardiac disease can potentially affect all structures of the
heart; more frequently, it presents as myocardial hypertro-
phy, arrhythmias, pericardial effusion, abnormal coronary
vasoreactivity, valvular impairment, and heart failure [60,
70, 71]. Unfortunately, when heart involvement manifests
clinically, it is usually associated with advanced signs of
heart failure and has an ominous prognosis.

Irrespective of clinical phenotype, the hallmark of heart
disease in this population is cardiac tissue fibrosis with
patchy fibrotic deposits, equally distributed throughout left
and right ventricular myocardium [72, 73]. The abnormal
vasoreactivity leading to cardiac ischemia might play an
important role in the initiation and evolution of myocar-
dial injury to myocardial fibrosis [74]. Notably, revers-
ible ischemia confirmed by transient myocardial perfusion
abnormalities is a unique pattern of SSc, not observed in
other rheumatic diseases [75, 76]. As the disease pro-
gresses, small perfusion defects can culminate in irrevers-
ible tissue damage, myocardial fibrosis and dysfunction.

Besides functional abnormalities, structural defects of
coronary microcirculation can importantly contribute to
heart disease in SSc; this is suggested by myocardial per-
fusion abnormalities found in SSc patients by using car-
diac catheterization, echocardiography and radionucleotide
imaging [77-79]. Follansbee et al. [79] showed that 20 out

of 26 patients with SSc had profound cardiac abnormalities
by using thallium-perfusion scanning, but notably only six
of them had clinically overt heart involvement.

Diffuse fibrosis of right and left ventricles can lead to
depressed myocardial contractility, which can be unde-
tected for many years. Left ventricular ejection fraction
is not sensitive enough to evaluate subclinical myocardial
dysfunction [78]. However, tissue Doppler echocardiog-
raphy and cardiac magnetic resonance imaging are able
to detect these defects in myocardial function at asympto-
matic stages [80, 81]. Schattke et al. indicated that tissue
Doppler is a useful tool to detect early right ventricular sys-
tolic impairment in SSc patients with or without pulmonary
hypertension, while it correlates isolated diastolic dysfunc-
tion with skin involvement [60, 82]. Interestingly, tissue
Doppler echocardiographic abnormalities, mainly right and
left ventricular diastolic dysfunction, were associated with
plasma levels of N-terminal pro-brain natriuretic peptide
and asymmetric dimethylarginine in SSc patients compared
to controls [83]. These findings could suggest possible
links for cardiac and endothelial dysfunction to neuroendo-
crine derangement in SSc.

Cardiac magnetic resonance imaging studies have also
indicated that the prevalence of clinically silent cardiac
involvement is significantly high among SSc [84, 85]. The
main patterns of cardiac involvement revealed by using car-
diac magnetic resonance are left ventricular diastolic dys-
function and kinetic abnormalities, thinning of left ventricle
myocardium, alterations in left and right ventricle ejection
fractions as well as right ventricle dilatation related to the
presence of PAH. The results of several studies have dem-
onstrated that is a sensitive technique for diagnosing heart
involvement in SSc even in asymptomatic patients with
normal echocardiographic evaluation [85, 86]. For exam-
ple Mavrogeni et al. [87] examined 46 newly diagnosed
SSc patients without clinical evidence of heart involvement
by using inflammation and stress perfusion-fibrosis cardiac
magnetic resonance. Two patients had acute myocardial
inflammation, while all the rest presented with significant
myocardial perfusion defects compared to matched controls.
More importantly, eleven out of these patients showed fur-
ther asymptomatic deterioration of myocardial circulation in
2 years of follow-up. All the above data suggest that CMR
can be a useful additional tool complementing the physi-
cian’s clinical skills along with echocardiography to assess
cardiac involvement in asymptomatic patients with SSc [88].

Pulmonary arterial hypertension and right heart
involvement

PAH is among the most serious complications of SSc
and one of the leading causes of death in this population.
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The incidence of SScPAH is 5-13 % based on right cath-
eterization studies and is associated with worse prognosis
compared to other forms of PAH [89-92]. Coexistence
of primary and secondary heart disease may accounts
for the worst outcome and higher mortality and morbid-
ity rates in this group. Right ventricular dysfunction as a
consequence of the increasing afterload is common in SSc
patients with chronic PAH. Interestingly, there is evidence
that SScPAH leads to worse right ventricular performance
compared to idiopathic PAH attributable to grater pulmo-
nary arterial load due to the stiffening of the vessels or the
primary heart involvement [93]. In addition, patients with
SScPAH more often present with left heart abnormalities,
such as left ventricular hypertrophy, left ventricular dias-
tolic dysfunction and left atrial dilation than those with
idiopathic PAH [94]. In this regard echocardiographic
data support that left atrial volume—an indicator of dias-
tolic left ventricular dysfunction—is a predictor of ele-
vated systolic pulmonary artery pressure [95]. Other stud-
ies have reported a higher frequency of connective tissue
disease related arrhythmias in patients with SScPAH than
in idiopathic PAH [96]. A study by Mathai et al. [97]
demonstrated significantly higher levels of B-type natriu-
retic peptide in patients with SScPAH compared to those
with idiopathic PAH, supporting the systemic character of
heart involvement by the activation of cardiac neurohor-
monal system. The aforementioned data reveal the global
myocardial involvement in SScPAH but more research is
needed to elucidate the interaction between pulmonary
vascular and parenchymal disease, and the impaired myo-
cardial function.

Therapeutic intervention

Although no specific guidelines have been established for
treatment of cardiac manifestations in SSc, standard ther-
apies should be considered. According to the EUSTAR
though, immunosuppressive therapy does not affect the
course of heart involvement [98]. In contrast, early treat-
ment with calcium channel blockers, angiotensin-convert-
ing enzyme inhibitors, and endothelin receptor antagonists,
can be beneficial for some patients on myocardial perfusion
and contractility, as they improve cardiac microcircula-
tion [72]. In particular, calcium channel blockers showed a
confirmed long-term benefit on left ventricular dysfunction
[98]. It is worth noting that treatment with beta-blockers
is generally avoided in SSc patient due to exacerbation of
Raynauds.

It is worth noting that novel vasodilator agents such as
phosphodiesterase-5 (PDES) inhibitors improve endothe-
lial function in patients with endothelial damage as dem-
onstrated by changes in serum markers of endothelial
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activation [99]. Data from animal experimental models sug-
gest that PDES inhibitors reduce circulating cytokines and
chemokines, improve metabolic parameters and suppress
oxidative stress, providing powerful cardioprotective effects
[100, 101]. In addition to their major role as a leading ther-
apy for pulmonary hypertension and other vascular com-
plication such as digital ulcers, PDES5 inhibitors may pro-
vide further benefit to SSc patients, by modifying coronary
microcirculation and alleviating cardiac ischemic injury.

Evaluation of the overall CVD risk is of paramount
importance and recommendations applied to general pop-
ulation for minimizing CVD risk should be considered.
Even though traditional risk factors (arterial hypertension,
obesity, dyslipidemia) do not seem to be increased among
patients with SSc, CVD risk prevention and monitoring
guidelines applied to general population are highly rec-
ommended. For example blood pressure should be closely
monitored and treatment with antihypertensive drugs
should be considered—when necessary—to minimize the
risk of heart failure. Finally yet importantly, patients can
benefit the most by educational programmes and lifestyle
change such as increasing physical activity or adopting a
better diet, since it will considerably improve their quality
of life [102, 103].

Conclusions

Although SSc has been long seen as a microvascular disor-
der, recent data have emerged macrovascular complications
and accelerated atherosclerosis as significant contributors
to cardiac morbidity on the top of small coronary vessels
vasculopathy. Taking into consideration that inflammation
and endothelial dysfunction are prominent players in dis-
ease progression, common pathogenic mechanisms may
participate in the pathogenesis of vascular abnormalities
in SSc and atherosclerosis albeit it in different way or to a
lesser extend compared with other systemic inflammatory
disorders. Large population-based studies are essential to
evaluate the prevalence and the outcome of CVD as well
as to identify the subgroups of patients at higher risk for
CVD events. Recommendations for cardiac assessment,
CVD risk stratification and prevention strategies in this par-
ticular population are currently lacking but are obviously
important not only for the management of the patients
but also for the acknowledgment of the higher CVD risk
among rheumatologists and other physicians dealing with
this challenging disease. Last but not least further research
in the field may delineate the exact mechanisms involved
in both micro- and macrovascular injury in SSc and pro-
vide the rationale for targeted treatment interventions early
in the course of the disease and before CVD complications
progress to advanced stages.
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