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Abstract
Cardiac involvement in systemic sclerosis is a common clinical entity that may range from subclinical to life-threatening 
complications. The classification of cardiac involvement may be expressed as either primary or secondary involvement. Pri-
mary systemic sclerosis heart involvement (SSc-pHI) refers to cardiac pathologies primarily ascribed to systemic sclerosis 
rather than concomitant conditions like ischemic heart disease and pulmonary hypertension. The timely recognition of cardiac 
involvement holds significant clinical relevance. Therefore, numerous screening or diagnostic tools have been evaluated to 
forecast the likelihood of cardiac involvement, particularly in the absence of clinically evident cardiac symptoms. Of these 
modalities, serum biomarkers are often preferred due to their expeditiousness and non-invasive nature. Hence, the crucial 
goal of this narrative review is to review serum biomarkers that can be a valuable or promising tool in diagnosing cardiac 
involvement, especially SSc-pHI, in the early stages or predicting disease prognosis.
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Introduction

Cardiac involvement in patients with SSc has been known 
about since 1926 [1, 2]; however, the deterioration of struc-
tural components and the effect of this on disease prognosis 
and mortality has only recently been better understood [3, 
4]. The estimated prevalence of cardiac involvement ranges 
from 15 to 39%, with rates of up to 80% reported in autopsy 
studies [5–7]. Heart involvement has been demonstrated in 
both subsets of SSc, limited cutaneous SSc (lcSSc) and dif-
fuse cutaneous SSc (dcSSc). However, there is a stronger 
association between dcSSc and cardiac involvement, accord-
ing to the European Scleroderma Trials and Research group 
(EUSTAR) database [7, 8].

Cardiac involvement is divided into either primary and 
secondary forms. SSc primary heart involvement (SSc-pHI) 
represents cardiac complications directly due to the patho-
logical effects of SSc, including inflammation, fibrosis, and 

vasculopathy. Mostly, SSc-pHI consists of myocardial dysfunc-
tion, conduction blocks and arrhythmias, pericardial diseases, 
and valvular diseases [3, 9]. Other SSc-related conditions, such 
as pulmonary hypertension (PH), interstitial lung disease, kidney 
involvement, and non-SSc-specific cardiac conditions, includ-
ing cardiovascular disorders and ischemic heart diseases, are 
considered secondary cardiac involvement [6, 7, 10, 11]. Still, 
it remains challenging to distinguish between these entities [7].

Inflammation, fibrosis, and vasculopathy are the main 
mechanisms underlying the pathophysiology of heart 
involvement in SSc. It has been hypothesized that SSc-pHI 
may be due to cardiac Raynaud’s phenomenon, a rare clini-
cal status characterized by recurrent spasms of the coronary 
arteries, leading to transient ischemia of the heart muscle 
and inducible myocardial perfusion defects [6]. Besides 
the vascular hypothesis, heart inflammation also plays an 
essential role in myocardial damage by inducing patchy 
or diffuse fibrosis with contraction band necrosis [3, 12]. 
Fig. 1 summarizes the cellular, molecular, and vascular 
bases of cardiac involvement and illustrates the types of 
cardiac complications (Fig. 1). Moreover, the existence of 
anti-intercalated disk antibodies and anti-heart, which are 
myocarditis-specific autoantibodies, is strong evidence of 
an autoimmune path in some SSc patients [13]. Inflamma-
tion and immune mechanisms cause not only myocardial 
fibrosis but also endothelial damage and dysregulation of 
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angiogenesis, resulting in irreversible destruction of heart 
muscle [3]. In conclusion, irreversible myocardial fibrosis 
leads to decreased ventricular compliance, impaired hemo-
dynamics of the cardiac chambers, and defects in the cardiac 
conduction system [3, 14].

Cardiac manifestations may vary from asymptomatic to 
life-threatening complications. In particular, diastolic dys-
function (DD), which is more common than systolic dys-
function and is accepted as an early manifestation of cardiac 
fibrosis, has been reported to be a common complication 
with a prevalence of 31.4% [15, 16]. Even though most 
patients with left ventricular DD identified by echocardi-
ography are usually asymptomatic, the presence of DD is 
shown to increase mortality by approximately four times 
[16, 17]. Moreover, decreased left ventricular (LV) ejection 
fraction (<50%) and LV systolic dysfunction have proven 
to predict overall survival [18, 19]. Besides DD and sys-
tolic dysfunction, arrhythmias and conduction defects can 
be seen in between 25 and 75% of SSc patients and mainly 
encompass atrioventricular block (up to 5% and most com-
monly right bundle branch block), premature ventricular 
contractions (20–67%), ventricular tachycardia (7–28%), and 
supraventricular arrhythmias (32–66%) [3, 20]. Arrhythmia 
is also defined as one of the prognostic factors for mortality 
[21]. Pericardial involvement (pericardial adhesion, fibrin-
ous pericarditis, and pericardial effusion) has been defined in 
SSc with prevalence ranging from 33 to 72%. Most patients 
are asymptomatic but 5–16% of patients have symptomatic 
pericardial effusion. Fortunately, severe forms of pericardial 
involvement, including large pericardial effusions and car-
diac tamponade, associated with increased mortality (up to 
55%) are rare [22]. Valvular diseases are as common as DD 
and occur in up to 91% of SSc patients [23]. Besides aortic 
stenosis, mitral and tricuspid valve regurgitations are the 
most common valve abnormalities [23, 24]. The role of val-
vular pathologies in disease prognosis and mortality remains 
obscure, but it is assumed that they may also elevate the risk 
of death by causing heart failure. All in all, cardiac involve-
ment is closely related to poor prognosis and contributes to 
an approximately fivefold increase in mortality, accounting 
for 31% of SSc-related deaths [1, 5, 25, 26].

Given the growing evidence for the impact of cardiac 
involvement on disease prognosis and mortality, early 
diagnosis is increasingly important. Besides the general 
medical examination, many methods (laboratory evalu-
ations, imaging techniques, etc.) are used to investigate 
and define heart involvement. The comprehensive scope 
of these diagnostic approaches has been widely examined 
in numerous excellent reviews and will not be described 
further in this review [3, 9, 27]. However, there is limited 
evidence summarizing the utility of serum biomarkers in 
SSc. Thus, the objective of the present review article is to 
discuss cardiac biomarkers and to specifically highlight 

their role in making an early diagnosis and predicting dis-
ease prognosis.

Search strategy

This narrative review article followed the search strategy 
suggested by Gasparyan et al. [28]. The author searched the 
PubMed/Medline, Scopus, and Web of Science databases 
for English-language sources, published between January 
2017 and March 2023. Randomized control trials, observa-
tional studies, and case-control studies focused on cardiac 
biomarkers in patients with SSc were included. Animal or 
in vitro studies, case reports, review articles, editorial let-
ters, and conference papers were not selected for further 
review. The following search terms were used for databases 
search: (“systemic sclerosis” [MeSH terms] OR “systemic 
scleroderma” [MeSH terms] OR “scleroderma” [tiab]) AND 
(“cardiac involvement” [tiab] OR (“heart involvement” 
[tiab]) AND (“myocarditis” [MeSH terms] OR “myocar-
dial dysfunction” [tiab] OR “myocardial fibrosis” [tiab] OR 
“diastolic dysfunction” [tiab]) AND (“arrhythmia” [MeSH 
terms] OR “conduction defect” [tiab] OR “rhythm distur-
bance” [tiab] OR “cardiac block” [tiab]) AND (“pericardi-
tis” [MeSH terms] OR “pericardial effusion” [MeSH terms] 
OR “cardiac tamponade” [MeSH terms]) AND (“valvular 
disease” [tiab] OR “valvular regurgitation” [tiab]) AND 
(“cardiac markers” [tiab] OR “cardiac biomarkers” [tiab] OR 
“biomarkers*” [MeSH terms] OR “markers*” [tiab]). The 
author conducted the searches in February 2023 and evalu-
ated the articles for relevance. Figure 2 shows the screening 
and selection process.

N‑terminal pro‑B‑type natriuretic peptide 
and cardiac troponins

The natriuretic peptide family includes three principal 
peptides, namely atrial (ANP), B-type (BNP), and C-type 
natriuretic peptides. ANP secretion is primarily elicited by 
augmented wall stress within the atria, while B-type natriu-
retic peptides are released from ventricular tissue concern-
ing cardiomyocyte stretching and are initially synthesized 
as a 134 amino acid prehormone. This prehormone is then 
enzymatically divided into two forms: BNP and NT-proBNP. 
B-type natriuretic peptides have appeared as noteworthy 
markers for diagnosis and follow-up of heart failure [29–31].

The troponin complex includes three regulatory subunits, 
namely troponin T, I, and C, and only troponin T and tro-
ponin I are recognized as clinically valuable biomarkers for 
detecting cardiac myocyte injury [30, 31]. Cardiac troponin 
I (cTnI) is considered a myocardial tissue-specific marker, 
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Fig. 1   Pathogenesis of cardiac involvement in systemic sclerosis and associated cardiac complications. Abbreviations: IFN, interferon; CXCL-4, 
C-X-C motif chemokine ligand-4; IL, interleukin; CCL-2, C–C motif chemokine ligand 2; MMP-1, matrix metalloproteinases-1
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while troponin T is detected in both myocardial tissue and 
regenerating skeletal muscle tissue, making it non-specific 
[32]. The high-sensitivity cardiac troponin T and I (hs-cTnT 
and hs-cTnI) are newer tests that are more sensitive and able 
to detect smaller amounts of cardiac troponin T and I (cTnT 
and cTnI) in the blood [30, 31]. Of these serum biomarkers, 
NT-proBNP is a valuable biomarker in diagnosing heart fail-
ure, predicting its prognosis, and monitoring its treatment. 
Hs-cTnT and hs-cTnI are commonly used in the diagnosis or 
management of acute coronary syndrome and heart failure 
[30, 31]. Thus, numerous studies have evaluated these bio-
markers in SSc-pHI, investigated their performance in dis-
cerning patients with and without SSc-pHI, and researched 
the relationship between biomarkers and types of cardiac 
complications.

NT-proBNP and hs-cTnT may offer diagnostic advantages 
in detecting subclinical cardiac involvement among SSc 
patients. Barsotti et al. reported that, as expected, the sensitiv-
ity and specificity of hs-cTnT were higher than those of NT-
proBNP. However, these biomarkers were not validated and 

reliable in distinguishing between various types of cardiac 
involvement, such as DD, pericardial effusion, arrhythmias, 
and conduction defects [32]. Bosello et al. demonstrated that 
elevated NT-proBNP and hs-cTnT were closely related to 
diffuse skin involvement and cardiac complications, such as 
decreased left ventricular ejection fraction (LVEF), a higher 
incidence of right bundle branch block, heart failure, and sud-
den cardiac arrest. Furthermore, the study findings revealed 
a notably poorer survival rate among SSc patients exhibiting 
elevations in both cardiac biomarkers, despite already dimin-
ished cumulative survival rates observed in patients with 
increased NT-proBNP and hs-cTnT levels [33]. A recent pro-
spective cohort study aimed to explore the predictive poten-
tial of NT-proBNP, hs-cTnT, and C-reactive protein (CRP) 
in the development of cardiac disease in SSc patients without 
obvious cardiac manifestations. The study findings indicated 
a pronounced association between systolic dysfunction and 
elevated levels of hs-cTnT, whereas increased concentrations 
of hs-cTnT and NT-proBNP were found to be correlated with 
the occurrence of arrhythmia [34].

Fig. 2   Flowchart of the narra-
tive review Search filters 
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A retrospective study by Paik et al. aimed to investigate 
the importance of elevated cTnI in predicting mortality risk 
in patients with SSc. The authors revealed that patients with 
elevated cTnI were more likely to be in the dcSSc subset 
and to have severe cardiopulmonary disease, such as lower 
LVEF, lower forced vital capacity percent predicted, higher 
right ventricular systolic pressure, and higher Medsger mus-
cle and heart severity scores. Also, after adjusting for age, 
gender, disease period, and confounding factors related to 
cardiopulmonary diseases, SSc patients with increased cTnI 
had more than double the risk of mortality than those with 
normal levels of cTnI [35].

Besides hs-cTnT, several lines of evidence show the ben-
efit of hs-cTnI in predicting primary SSc heart disease. In 
a comparative study, the authors observed an association 
between elevated levels of NT-proBNP and hs-cTnI with 
echocardiographic abnormalities, including reduced LVEF, 
regional hypokinesia, and valve regurgitations [36]. Bissel 
et al. conducted research screening SSc patients without overt 
cardiac manifestations to evaluate SSc heart disease-associated 
arrhythmias with an implantable loop recorder (ILR) and to 
demonstrate any associations with disease characteristics, 
soluble biomarkers, and cardiac magnetic resonance imaging 
(CMR) findings. As expected, this study confirmed that SSc 
patients with ILR-detected significant arrhythmia had higher 
hs-cTnI and NT-proBNP levels than those without arrhythmia 
[37]. A similar study investigated the relationship between dis-
ease characteristics, BNP levels, and myocardial abnormali-
ties. The authors found that higher BNP levels were observed 
in SSc patients with myocardial late gadolinium enhancement, 
which is a finding suggestive of myocardial fibrosis [38]. In 
another study, the authors showed significantly higher hs-
cTnI and moderately elevated NT-proBNP concentrations 
in SSc patients with myocardial fibrosis. In particular, this 
study reported that the utility of hs-cTnI to detect subclinical 
SSc-pHI was better than that of NT-proBNP [31]. A further 
investigation by Dumitru et al. revealed that SSc patients with 
cardiovascular events, including myocarditis and arrhythmias, 
demonstrated a substantial elevation in NT-proBNP levels and 
a moderate increase in hs-cTnI levels than those without car-
diovascular manifestations. The study established that higher 
cardiovascular events were likely in patients with elevated 
NT-proBNP and identified increased NT-proBNP as the only 
variable predicting cardiovascular events. Consequently, and 
contrary to the authors’ previous study, in this study the supe-
riority of NT-proBNP over hs-cTnI and CMR findings for pre-
dicting cardiac involvement in SSc was shown [39].

There are a few studies that contradict the results reported 
by these earlier studies. Tipparot et al. could not show any con-
nection between cardiac biomarkers and myocardial inflam-
mation [40]. In a prospective observational study conducted 
by Hromadka et al., no significant association was found 
between the levels of hs-cTnI and NT-proBNP and subclinical 

myocardial fibrosis [41]. Luca et al. conducted a comparative 
histological analysis aimed at delineating the prognostic char-
acteristics of myocarditis in SSc. The authors compared the 
results among three groups of endomyocardial biopsy-proven 
virus-negative myocarditis patients (SSc-related myocarditis, 
isolated myocarditis, and other systemic autoimmune diseases-
related myocarditis). Even though patients with SSc had higher 
degrees of myocardial fibrosis, and thus more common heart 
failure and dyspnea, and were characterized by worse cardiac 
prognosis, there were no differences among the groups for 
cardiac soluble markers, including NT-proBNP and hs-cTnT 
[42]. Table 1 summarizes the studies discussed above.

Most of the studies described earlier specifically included 
SSc patients with primary heart involvement and without 
ischemic heart disease and PH due to interstitial lung disease 
or PAH, and showed that these soluble biomarkers might 
have a diagnostic and prognostic benefit for SSc patients 
with cardiac involvement. Nevertheless, their role in distin-
guishing cardiac involvement types is unclear. Furthermore, 
there are no studies demonstrating the role of these cardiac 
biomarkers to differentiate SSc-pHI from secondary cardiac 
involvement, including ischemic heart disease and pulmo-
nary hypertension.

Novel soluble biomarkers

The available evidence on new cardiac biomarkers for pri-
mary cardiac involvement in SSc is relatively limited. How-
ever, it is known that cytokines also contribute to myocardial 
inflammation, which can lead to cardiac dysfunction. Thus, 
in addition to other peptides and proteins, cytokines have 
been investigated as potential biomarkers for heart involve-
ment [12].

Hromadka et al. demonstrated that galectin-3 and growth/
differentiation factor-15 (GDF-15) levels were correlated with 
myocardial fibrosis [43]. In 2021, Hromadka et al. designed 
another study aiming to explore changes evident by CMR in 
patients with SSc over a 5-year follow-up duration, and to 
examine the associations between the observed changes and 
a set of biomarkers, including NT-proBNP, hs-cTnI, GDF-
15, galectin-3, and soluble suppression of tumorigenicity 
2 (sST2), as well as clinical indicators. The study findings 
revealed that subclinical myocardial fibrosis was correlated 
with increased levels of galectin-3 alone. Thus, the authors 
suggested that serial testing of galectin-3 could be a valuable 
method for identifying myocardial fibrosis in SSc patients 
who have not yet developed cardiac symptoms [41]. Similarly, 
in another study, galectin-3 levels were found to be correlated 
with mitral regurgitation, and LV systolic and LV diastolic 
dysfunction. Intriguingly, no significant correlations were 
identified between galectin-3 and sST2 measurements, nor 
between either biomarker and the NT-proBNP value. As a 
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result, the authors suggested that galectin-3 might be a valu-
able marker for the purpose of screening and facilitating early 
diagnosis of cardiac involvement in SSc [44].

A recent study demonstrated that reduced tumor necro-
sis factor-related apoptosis-inducing ligand (TRAIL) lev-
els, elevated Angiopoietin 2 concentrations, and higher 
Osteopontin levels were closely associated with both right 
ventricular (RV) systolic dysfunction and LV systolic dys-
function. Moreover, the study further revealed low TRAIL 
levels were closely associated with LV diastolic dysfunction 
[45]. Another study by Iannazzo et al. found higher sST2 
and IL-33 levels in SSc patients than in healthy controls. In 
particular, this study showed that SSc patients with DD had 
elevated levels of sST2 than those without DD [46].

Peptides and proteins play a significant role in the 
pathogenesis of fibrosis. As such, a few studies have been 
conducted to detect cardiac involvement by measuring 
the levels of these fibrosis-related peptides and proteins 
in SSc patients with or without overt cardiac manifesta-
tions [45, 47]. In a study, SSc patients with abnormal 
echocardiographic measurements had higher serum peri-
ostin levels. This study also demonstrated higher peri-
ostin expression in vivo in heart samples of patients with 
higher circulating periostin levels. Furthermore, periostin 
expression was detected in not only collagen type I depo-
sition areas but also areas unaffected by fibrosis, indicat-
ing that periostin deposition may be an early event in 
fibroblast activation in SSc-associated cardiomyopathy. 
Therefore, elevated periostin expression, correlated with 
circulating periostin levels, may serve as a promising 
biomarker for detecting myocardial fibrosis [47]. Table 2 
summarizes the studies mentioned above.

Autoantibodies related to cardiac 
involvement

Anti-centromere, anti-topoisomerase I (anti-Scl-70), anti-
RNA polymerase III (anti-RNAP III), and anti-Th/To and 
anti-fibrillarin (anti-U3-RNP) are SSc-specific antibodies, 
three of which are included in the 2013 classification crite-
ria for SSc [48, 49]. Indeed, the association between some 
autoantibodies, namely anti-Scl-70 and anti-fibrillarin, and 
cardiac involvement is proven in the literature. Consist-
ent with previous studies, Nihtyanova et al. showed an 
increased frequency of cardiac involvement in patients 
diagnosed with dcSSc than those with lcSSc. Notably, the 
study found that the highest and second-highest incidences 
of cardiac involvement were observed in SSc patients with 
anti-fibrillarin (anti-U3-RNP) and anti-Scl-70 antibodies, 
respectively [50]. Tieu et al. aimed to evaluate clinical 
features and mortality results among patients diagnosed 
with SSc exhibiting inverted phenotypes. Specifically, this 

study explored the comparison of results between lcSSc 
patients with anti-Scl-70 positivity and dcSSc patients 
with anti-centromere positivity. The findings indicated that 
cardiac involvement was more prevalent in dcSSc with 
anti-centromere positivity and dcSSc with anti-Scl-70 pos-
itivity than in lcSSc with either anti-centromere or anti-
Scl-70 antibodies [51]. Keppeke et al. aimed to develop a 
reliable anti-fibrillarin assay for clinical use. Besides that, 
the authors investigated the association between specific 
SSc phenotypes and anti-fibrillarin antibodies and found 
that SSc patients with higher anti-fibrillarin antibodies 
were characterized by a higher frequency of the dcSSc 
phenotype, more cardiac involvement, and scleroderma 
renal crisis [52].

There is not enough published evidence concerning the 
relationship between non-SSc-specific antibodies (such as 
anti-SSA/Ro60, anti-Ro/TRIM2, organ-specific antibodies) 
and cardiac involvement. A recent study by Caforio et al. 
showed that serum anti-heart (AHA) and anti-intercalated 
disk autoantibodies (AIDA), defined as new autoimmune 
markers, were significantly higher in SSc patients with heart 
involvement when compared to control groups, including 
ischemic heart failure, non-inflammatory cardiac disease, 
and healthy participants. The rate of AHA and AIDA posi-
tivity in SSc was higher in past and/or current smokers and 
female patients. Furthermore, the frequency of AHA positiv-
ity was notably higher in SSc patients with interstitial lung 
disease (ILD) and those receiving immunosuppressive and 
prostanoid therapies. A trend was also identified for an asso-
ciation between AHA positivity and anti-Scl-70 positivity. 
Moreover, AHAs were significantly connected with a history 
of chest pain, elevated hs-cTnI level, AIDA, and pericardial 
edema detected on CMR. Non-cardiac associations for the 
presence of AIDA positivity were also found. Thus, AIDA 
positivity was closely related to the SSc pattern in nailfold 
video capillaroscopy and digital ulcers. Prognostically, 
AHA positivity was additionally linked to diminished sur-
vival rates regardless of cardiac deterioration, while AIDA 
positivity was found to lack any significant association with 
prognostic outcomes [13].

Conclusion

Cardiac involvement is actually as common as any other 
well-known organ involvement in SSc and is associated 
with poor prognosis and high mortality [3, 6]. Therefore, 
early detection of cardiac involvement, especially SSc-
pHI, has a vital role in the quality of life and life expec-
tancy of affected patients. For this purpose, several studies 
have been conducted to determine and clarify screening/
diagnostic approaches [53]. Laboratory tests and imaging 
techniques are the most commonly studied methods. As a 
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non-invasive and rapid method, serum biomarkers, such as 
soluble peptides and proteins, cytokines, and autoantibod-
ies, have been evaluated and commonly compared with 
cardiac abnormalities detected by echocardiography and 
CMR [3, 6, 30].

Based on the existing body of literature, it has been 
demonstrated that the employment of NT-proBNP, 

hs-cTnT, and hs-cTnI biomarkers can be of significant 
value in the diagnosis of myocardial fibrosis [32–34]. 
Such fibrosis is known to result in diastolic and systolic 
dysfunction, and consequently heart failure, in clinical 
practice. The elevated levels of these biomarkers are also 
associated with valve regurgitation and arrhythmias [37]. 
However, these three biomarkers are not SSc-specific 

Table 2   Characteristics of studies investigating novel biomarkers in systemic sclerosis patients with cardiac involvement

Pts, patients; HC, healthy controls; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide; Hs-cTnT, high sen-
sitivity cardiac troponin T; Hs-cTnI, high sensitivity cardiac troponin I; Gal-3, galectin-3; GDF-15, growth/differentiation factor-15; sST2, sup-
pression of tumorigenicity-2; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand; ANG-2, angiopoietin-2; OPN, osteopontin; PII-
INP, procolagen III N terminal propeptide; LV, left ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular; DD, diastolic 
dysfunction; ECHO, echocardiography; CMR, cardiac magnetic resonance imaging

Author Year Study population Diagnostic tool Cardiac complications Markers Results

Hromadka M et al. [43] 2017 33 SSc pts
20 HC

ECHO
CMR

Myocardial fibrosis NT-proBNP
Hs-cTnI
Gal-3
GDF-15
PIIINP

GDF-15 and galectin-3 were posi-
tively correlated with myocardial 
fibrosis parameters.

Hromadka M et al. [41] 2021 25 SSc pts CMR Myocardial fibrosis NT-proBNP
Hs-cTnI
Gal-3
sST2
GDF-15

NT-proBNP and hs-cTnI were not 
found to be associated with myo-
cardial fibrosis in patients with 
SSc who had no documented his-
tory of heart disease throughout 
a five-year follow-up period. 
However, sub-clinical myocar-
dial fibrosis was correlated with 
elevated gal-3 concentrations.

GDF-15 was found to be closely 
associated with disease activity.

Vertes V et al. [44] 2022 40 SSc pts ECHO Mitral regurgitation
LV systolic and LV 

diastolic dysfunction

NT-proBNP
Gal-3
sST2

Gal-3 levels were found to be cor-
related with mitral regurgitation, 
and LV systolic and LV diastolic 
dysfunction. Gal-3 might be a 
valuable marker in enabling early 
diagnosis of cardiac involvement.

Tennoe AH et al. [45] 2022 371 SSc pts
100 HC

ECHO RV systolic dysfunction
LV systolic dysfunction
LV diastolic dysfunction

TRAIL
ANG-2
OPN

Low TRAIL levels were related to 
RV systolic, LV systolic, and LV 
diastolic dysfunction.

Elevated ANG-2 and OPN levels 
were closely connected with RV 
systolic and LV systolic dysfunc-
tion. These three markers were 
also independently associated 
with mortality.

Iannazzo F et al. [46] 2022 50 SSc pts ECHO Diastolic dysfunction IL-33
sST2

sST2 and IL-33 levels were higher 
in SSc patients than in healthy 
controls. In addition, SSc 
patients with DD had elevated 
sST2 levels than those without 
DD.

El-Adili F et al. [47] 2023 106 SSc pts
22 HC

ECHO Myocardial fibrosis Periostin
BNP

SSc patients with abnormal 
echocardiographic measurements 
of LV dimensions, LV posterior 
wall thickness, and LV mass, had 
higher periostin expression in 
heart samples and higher serum 
periostin levels.
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markers and have been observed to be increased in comor-
bidities, including ischemic heart disease, heart failure, 
kidney impairment, and other SSc-related diseases, like 
PH. Therefore, further studies are needed to clarify the 
role of NT-proBNP, hs-cTnT, and hs-cTnI in SSc patients 
with cardiovascular involvement and to define novel sensi-
tive and specific cardiac biomarkers for SSc-pHI [6, 7].

The lack of specific markers has encouraged stud-
ies evaluating novel biomarkers. Results regarding new 
biomarkers are also favorable. Among these biomarkers, 
galectin-3 appears to be a promising marker in which 
elevated concentrations are related to myocardial fibrosis, 
mitral regurgitation, and LV systolic and diastolic dysfunc-
tion [41, 44]. Elevated angiopoietin-2 and osteopontin lev-
els and decreased TRAIL concentrations have been shown 
to be linked with both LV and RV systolic dysfunction 
[45]. The studies evaluating autoantibodies show that anti-
Scl-70 and anti-fibrillarin, namely anti-U3-RNP, antibod-
ies are closely related to cardiac involvement in SSc [51, 
52]. Figure 3 illustrates serum markers that could poten-
tially be useful in detecting cardiac involvement.

In conclusion, the assessment of serum biomarkers 
represents a valuable, non-invasive means of screening 
patients with SSc for cardiac involvement. However, there 
are currently no established guidelines for diagnosing or 
defining the prognosis of these patients. In addition, the 
role of these biomarkers in predicting the type of cardiac 
complications and responsiveness to therapeutic interven-
tion is still unknown. Therefore, further studies are needed 
to identify more sensitive and specific cardiac biomarkers 

and to elucidate their role in diagnosis, prognosis, and 
treatment follow-up.
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