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1   |   INTRODUCTION

Primary heart involvement (pHI) is an often overlooked 
manifestation of systemic sclerosis (SSc) and is associated 
with the risk of arrhythmias, heart failure and sudden car-
diac death.1,2 Despite its prognostic implications, SSc-pHI 
remains poorly characterised. First, there are limited data 
on the prevalence and incidence of pHI in SSc, and con-
siderable heterogeneity has been reported among studies, 
largely due to the different detection methods.3,4 Second, 
despite consensus definition5,6 and ongoing initiatives,7 
standard diagnostic criteria remain unavailable. Cardiac 
magnetic resonance (CMR) is the reference for detect-
ing myocardial inflammation, fibrosis and microvascu-
lar alterations,8,9 but its availability is limited to referral 
centres.1 Nevertheless, SSc-pHI encompasses a spectrum 
of myocardial alterations, including functional and elec-
trical abnormalities that can be detected through echo-
cardiographic and ECG evaluation.1,5 Third, while risk 
factors for other complications of SSc, such as interstitial 
lung disease (ILD) and pulmonary arterial hypertension 
(PAH) are well known,10,11 predictors of SSc-pHI remain 

elusive. A recent attempt to define risk factors for SSc-
pHI was pursued in the European Scleroderma Trials and 
Investigation Cohort (EUSTAR), seeking validation.12

The SPRING (Systemic sclerosis PRogression 
INvestiGation) registry was established by the Italian 
Society for Rheumatology (SIR) in 2014 and represents 
one of the largest national multicentric datasets including 
demographic, clinical, laboratory and instrumental data 
on patients with SSc.13 The aim of the present study is to 
evaluate the prevalence, incidence and risk factors of pHI, 
defined through specific ECG and echocardiographic al-
terations, in SSc patients within the SPRING cohort.

2   |   METHODS

2.1  |  Study design, data source and study 
setting

This was a retrospective, multicenter, nationwide cohort 
study. Data collection was conducted using the REDCap 
(Research Electronic Data Capture) platform. Clear 
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definitions of all variables were established a priori to mini-
mise heterogeneity among the various centres participat-
ing in the SPRING study, and periodic quality checks were 
performed by the coordinators.13 The study was approved 
by reference number OSS 15.10, Azienda Ospedaliera 
Universitaria Careggi (Firenze); participants gave informed 
consent to participate in the study before taking part. We 
extracted data from the SPRING registry on 15th July 2022.

2.2  |  Population

Patients from the SPRING registry were included if they 
(i) were ≥18 years old at the time of enrolment, (ii) fulfilled 
the 2013 ACR/EULAR classification criteria for SSc,13 (iii) 
had all ECG and echocardiographic parameters required 
for the definition of SSc-pHI clearly available (see below) 
and (iv) did not meet the following exclusion criteria: sys-
temic arterial hypertension, diabetes mellitus, ischaemic 
heart disease, chronic pulmonary diseases (excluding SSc-
ILD), PAH, echocardiographic evidence of pulmonary 
artery systolic pressure (PASP) ≥40 mmHg, renal impair-
ment or a history of scleroderma renal crisis. In accord-
ance with the definition of SSc-pHI,5,6 exclusion criteria 
were designed to minimise interference from cardiac find-
ings and potential overlapping conditions (including both 
comorbidities and SSc-related features) associated with 
myocardial alterations that could act as confounders.

Patients were included in the longitudinal analysis if 
they did not meet the SSc-pHI criteria at baseline and had 
at least one follow-up visit at 12 (±2) months.

2.3  |  Exposure

The exposures of interest included demographic and clinical 
variables, laboratory data (autoantibodies and routine chem-
istries), pulmonary function tests (predicted value of forced 
vital capacity—FVC, and diffusion capacity for carbon mon-
oxide—DLCO), and high-resolution chest computed tomog-
raphy (HRCT) scan findings. Information on previous and 
current treatments was recorded, including immunosup-
pressants (cyclophosphamide, methotrexate, azathioprine, 
mycophenolate mofetil, rituximab, tocilizumab), endothelin 
receptor antagonists (bosentan, macitentan), phosphodies-
terase-5 inhibitors (sildenafil, tadalafil), intravenous iloprost, 
calcium channel blockers and antiplatelet agents.

2.4  |  Outcomes

The primary outcome was the presence of at least one 
of the following ECG or echocardiographic domains 

suggestive of SSc-pHI: (i) non-ischemic hypokinesia, de-
fined as left ventricular (LV) ejection fraction (LVEF) 
<50% or diffusely reduced wall thickening with reduced 
systolic inward excursion, either diffuse or not related to 
coronary artery territories; (ii) LV dilatation; (iii) LV di-
astolic dysfunction14; (iv) arrhythmia, including atrial/
auricular arrhythmias, ventricular tachycardia, a burden 
of ventricular ectopic beats judged as clinically relevant, 
or the need for antiarrhythmic therapy15,16; (v) conduction 
block in the absence of other explaining causes.

2.5  |  Follow-up

In the SPRING registry, visits were recorded annually 
(±2 months) after the baseline visit, with a maximum 
follow-up duration of 5 years. In this study, each patient 
was followed from the date of enrolment in the SPRING 
registry until the occurrence of the primary outcome or 
the date of the last available visit in the registry.

2.6  |  Statistical analysis

Continuous variables were reported as means (standard 
deviation) or medians (interquartile range, IQR), depend-
ing on their distribution, while categorical variables were 
reported as proportions and percentages. For variables 
with missing data, the prevalence of which is reflected 
by the denominators in the tables, statistical analysis was 
performed exclusively on patients with complete data for 
those variables.

A cross-sectional analysis was conducted to identify 
factors associated with SSc-pHI at baseline. Categorical 
variables were compared between groups using the chi-
square test or Fisher's exact test, while continuous vari-
ables were compared using the t-test or Mann–Whitney 
U-test, as appropriate. The Benjamini-Hochberg correc-
tion was applied for multiple testing. Logistic regression 
was used to assess factors associated with SSc-pHI; vari-
ables were included in the multivariable model based on 
clinical judgement or if they showed a p-value <.10 in the 
univariable analysis.

Survival analysis was performed to evaluate the inci-
dence of SSc-pHI in patients with at least one follow-up 
visit after baseline. Cox proportional hazards regression 
was applied to identify candidate risk factors for the devel-
opment of SSc-pHI during follow-up, with the multivari-
able model adjusted for covariates considered clinically 
relevant or showing p < .10 in the univariable analysis.

Since variables included in the SSc-pHI definition were 
not mutually exclusive, correlations between these vari-
ables and other relevant echocardiographic parameters 
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available in the registry were calculated using Spearman's 
correlation. The p-values for each pair of variables were 
calculated using Spearman's significance test, with p-
values less than .05 indicating statistically significant 
correlations.

Statistical significance was defined as p-values <.05. 
All analyses were performed using RStudio (Version 2024. 
12.0 + 467).

3   |   RESULTS

3.1  |  Patients' characteristics

Figure  1 illustrates the patient selection process: out of 
1922 patients with SSc included in the SPRING database, 
677 were excluded due to the presence of at least one ex-
clusion criterion, and 645 were further excluded due to 
the absence of information on at least one of the five ECG 
or echocardiographic domains used for SSc-pHI. This re-
sulted in 600 patients being included in the baseline risk 
factor analysis.

The characteristics of the baseline patient cohort are 
presented in Table  1. The cohort was predominantly fe-
male (89.8%), with a median age at SSc onset of 45 years 
(IQR 35–55) and a median disease duration of 8 years 
(IQR 4–14). In terms of organ manifestations, 22% of pa-
tients had dcSSc, 43% had ILD and 24% had digital ulcers. 
Musculoskeletal manifestations, defined through physical 
examination as per clinical practice, included arthritis in 
12%, muscle weakness in 16% and muscle atrophy in 6.5%. 
Gastrointestinal involvement was observed in 53% of pa-
tients with oesophageal symptoms (gastro-oesophageal 
reflux, oesophageal dysphagia) and in 22% with intestinal 

symptoms (diarrhoea, constipation, bloating, or malab-
sorption syndrome). Anti-topoisomerase I antibodies were 
positive in 41% of patients, and anticentromere antibodies 
were positive in 39%.

3.2  |  Prevalence and characteristics of 
patients with signs of SSc-pHI at baseline

At the time of enrolment in the SPRING registry, 149 out 
of 600 patients (25%) were classified as having SSc-pHI 
according to the adopted definition. Diastolic dysfunc-
tion was the most common alteration, being reported in 
93/149 (62%) patients, followed by conduction block in 
50/149 (34%), and arrhythmia in 16/149 (11%). LV dilation 
was reported in 13/149 (9%) patients, and non-ischaemic 
hypokinesia in 4/149 (3%). As shown in the Venn diagram 
in Figure 2A, these alterations were not mutually exclu-
sive. The median value of LVEF was 60% (IQR 60%–65%) 
in patients with SSc-pHI and did not significantly differ 
from that of patients without SSc-pHI. Echocardiography-
assessed PASP values were slightly but significantly 
higher in patients with SSc-pHI [27 mmHg (IQR 18–30)] 
compared to those without SSc-pHI [25 mmHg (IQR 15–
30); p < .001]. Remarkably, all PASP values were within 
the normal range according to the adopted inclusion cri-
teria. The prevalence of pericardial effusion, as estimated 
by echocardiography, was similar between the two groups 
(7% vs. 5%; p = .343).

Results of the Spearman's correlation analysis are shown 
in Figure 2B, accounting for domains included in the SSc-pHI 
definition, along with other available relevant echocardio-
graphic parameters, including the presence of pericardial ef-
fusion, LVEF and PASP values. Weak but significant positive 

F I G U R E  1   Selection of the study population, according to the established criteria. pHI, Primary heart involvement; SSc, Systemic 
sclerosis.
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T A B L E  1   Cross-sectional comparison of patients with SSc with and without ECG and echocardiographic signs of pHI at baseline.

Variable
Whole cohort 
N = 600

SSc-pHI  
N = 149

SSc without pHI 
N = 451 p-Value Adj. p

Demographic features
Age at SSc onset, years 45 [35–55] 50.5 [38–59] 43 [34–53] <.001* .004*
Duration, years 8 [4–14] 9 [4–16] 8 [4–14] .123 .289
Female sex 539/600 (90%) 133/149 (89.3%) 406/451 (90%) .912 .988
Smoking 115/540 (21%) 31/126 (25%) 84/414 (20%) .362 .589
BMI, kg/m2 23.2 [21.1–25.6] 24.3 [21.5–26.2] 23.2 [21.3–25.6] .142 .309

Clinical features
dcSSc 129/595 (22%) 41/147 (28%) 88/448 (20%) .047* .165
mRSS 4 [2–9] 5 [2–12] 4 [2–9] .035* .138
Pitting scars 308/597 (22%) 84/149 (56%) 224/448 (50%) .210 .372
Digital ulcers 144/599 (24%) 36/149 (24%) 108/450 (24%) 1.000 1.000
Teleangectasia 386/597 (65%) 111/148 (75%) 275/449 (61%) .003* .032*
Calcinosis 75/597 (13%) 25/148 (17%) 50/449 (11%) .091 .274
Tendon friction rubs 76/598 (13%) 24/149 (16%) 52/449 (12%) .195 .363
Muscle weakness 95/597 (16%) 36/149 (24%) 59/448 (13%) .002* .030*
Muscle atrophy 39/596 (6.5%) 17/148 (12%) 22/448 (5%) .009* .070
Arthritis 73/595 (12%) 24/147 (16%) 49/448 (11%) .113 .289
Oesophageal symptoms 317/598 (53%) 92/149 (62%) 225/449 (50%) .018* .077
Intestinal symptoms 132/598 (22%) 48/149 (32%) 84/449 (19%) <.001* .018*
Sicca syndrome 196/597 (33%) 61/148 (41%) 135/449 (30%) .016* .077
NTproBNP >125 pg/mL 29/64 (45%) 10/19 (53%) 19/45 (42%) .625 .805
ILD at HRCT 257/600 (43%) 77/149 (52%) 180/451 (40%) .016* .077
DLCO, %predicted 71 [60–83] 65 [50–79.5] 71 [59–83] .015* .077
FVC, %predicted 103 [90–117] 97.4 (23.8) 102 (20.8) .057 .185

Autoantibodies
ACA 233/600 (39%) 50/149 (34%) 183/451 (41%) .154 .315
Anti-TOPO1 246/600 (41%) 60/149 (40%) 186/451 (41%) .910 .988
Anti-RNAPOL3 8/600 (1.3%) 4/149 (3%) 4/451 (1%) .110 .289
Anti-SSA 64/600 (11%) 13/149 (9%) 51/451 (11%) .464 .646
ANA nucleolar 103/600 (17%) 25/149 (17%) 78/451 (17%) .984 1.000

Therapeutic exposure
Glucocorticoids 87/547 (16%) 19/137 (14%) 68/410 (17%) .537 .722
Cyclophosphamide 68/533 (13%) 16/138 (12%) 52/395 (13%) .743 .878
Methotrexate 93/537 (17%) 27/135 (20%) 66/402 (16%) .412 .643
Azathioprine 65/530 (12%) 17/133 (13%) 48/397 (12%) .954 1.000
Mycophenolate mofetil 85/533 (16%) 28/137 (20%) 57/396 (14%) .126 .289
Rituximab 35/529 (6.6%) 13/137 (9.5%) 22/392 (5.6%) .170 .332
Tocilizumab 8/524 (1.5%) 3/135 (2.2%) 5/389 (1.3%) .431 .644
ERA 179/544 (33%) 43/139 (31%) 136/405 (34%) .640 .805
PDE5-inhibitors 23/527 (4.4%) 8/136 (6%) 15/391 (4%) .446 .644
Calcium channel blockers 395/569 (69%) 104/141 (74%) 291/428 (68%) .236 .401
Iloprost 358/583 (61%) 87/146 (60%) 271/437 (62%) .672 .820
Antiplatelet agents 349/571 (61%) 90/144 (63%) 259/427 (61%) .770 .882

Abbreviations: ACA, anticentromere autoantibodies; ANA, antinuclear antibodies; anti-TOPO1, anti-Topoisomerase-I; anti-RNAPOL3, anti-RNA polymerase 
III; BMI, body mass index; dcSSc, diffuse cutaneous systemic sclerosis; DLCO, diffusion capacity of carbon monoxide; ERA, endothelin receptor antagonists; 
FVC, forced vital capacity; HRCT, high-resolution computed tomography; ILD, interstitial lung disease; mRSS, modified Rodnan skin score; PDE5, 
phosphodiesterase 5; SSc, systemic sclerosis; SSc-pHI, systemic sclerosis-associated primary heart involvement.
*p-value < 0.05
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correlations were found between increasing PASP and ar-
rhythmia, increasing PASP and diastolic dysfunction, and 
LV dilation and non-ischaemic hypokinesia. On the other 
hand, diastolic dysfunction negatively correlated with LV 
dilation and arrhythmia. Unsurprisingly, lower LVEF cor-
related with LV dilation and hypokinesia.

3.3  |  Risk factors for signs of SSc-pHI at 
baseline

The cross-sectional comparison between patients 
with and without pHI is presented in Table  1. Patients 
with SSc-pHI were older at the onset of the first non-
Raynaud's symptom [median age 50.5 years (IQR 38–59) 
vs. 44 years (IQR 35–54); p = .004] and tended to have 
more frequently dcSSc (27.9% vs. 19.6%) and ILD (51.7% 
vs. 39.9%), although these clinical features did not reach 
statistical significance after adjusting for multiple com-
parisons. Skin thickening, as measured by the modified 
Rodnan skin score (mRSS), was comparable between the 
two groups: 5 (IQR 2–12) and 4 (IQR 2–9), respectively. 
Pulmonary function tests revealed slightly lower values 
of FVC and DLCO in patients with SSc-pHI, but these 
differences did not reach statistical significance after cor-
rection. Telangiectasias were more frequently observed 
in patients with SSc-pHI compared to the other group 
(75% vs. 61.2%; p = .032). Additionally, these patients 
more often reported muscle weakness (24.2% vs. 13.2%; 

p = .030) and muscle atrophy (11.5% vs. 4.9%; p = .070). 
Gastrointestinal involvement was more common in 
patients with signs of SSc-pHI, particularly intestinal 
symptoms (32.2% vs. 18.7%; p = .018), with a similar 
trend observed for oesophageal involvement and sicca 
syndrome, although these did not reach statistical sig-
nificance. Exposure to various immunosuppressive and 
vasoactive treatments did not differ significantly between 
patients with and without signs of SSc-pHI.

In the multivariable logistic regression model (adjusted 
for age at SSc onset, sex and disease duration), the risk of 
finding signs of SSc-pHI was more pronounced in patients 
with dcSSc (OR 1.85; 95% CI: 1.05–3.26; p = .033), intesti-
nal symptoms (OR 1.79; 95% CI: 1.03–3.08; p = .038) and 
increasing age at SSc onset (OR 1.04; 95% CI: 1.02–1.06; 
p < .001). The other covariates did not show statistical 
significance (Figure 3; Table S1).

3.4  |  Incidence and risk factors incident 
SSc-pHI

Out of 451 patients without SSc-pHI at baseline, follow-up 
data on the five echocardiographic and ECG parameters 
included in the pHI definition were available for 125 sub-
jects. Among them, 31 new cases of SSc-pHI were recorded, 
resulting in a cumulative incidence of 25%. Specifically, 
20 (65%) new cases were diagnosed within the 12-month 
follow-up, 7 (22%) within the 24-month follow-up, and 4 

F I G U R E  2   Echocardiographic and ECG characteristics defining SSc-pHI in the SPRING cohort. (Panel A) presents a Venn diagram 
illustrating the distribution of SSc-pHI-defining alterations at baseline, highlighting the absence of mutual exclusivity among different 
domains. (Panel B) displays the correlation matrix of clinically relevant echocardiographic and ECG alterations in patients with SSc-pHI. 
This includes the five defining domains (non-ischemic hypokinesia, LV dilation, diastolic dysfunction, conduction block and arrhythmia), 
along with pericardial effusion, left ventricular ejection fraction (LVEF, %) and pulmonary artery systolic pressure (PASP, mmHg) as 
estimated by echocardiography. Spearman's rho correlation coefficients are reported within the matrix cells, with statistically significant 
correlations (p < .05) indicated by asterisks (*).
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(13%) within the 36-month follow-up. Survival analysis of 
incident cases of SSc-pHI is summarised in the Kaplan–
Meier curve in Figure  S1. Overall mortality did not dif-
fer between patients with and without incident SSc-pHI, 
with two and six deaths observed during the follow-up, 
respectively.

Table 2 summarizes the results of the Cox proportional 
hazards regression model assessing risk factors for inci-
dent SSc-pHI. In both the univariable and multivariable 
models (adjusted for age at SSc onset, disease duration 
and sex), muscle atrophy was confirmed as the only risk 
factor for new onset of signs of SSc-pHI, with a hazard 
ratio (HR) of 2.83 (95% CI 1.01–7.73; p = .043). Treatment 
exposure did not seem to influence the risk of developing 
incident SSc-pHI (Table S2).

4   |   DISCUSSION

We report a prevalence of SSc-pHI, defined through 
selected echocardiographic and ECG alterations not 

F I G U R E  3   Odds ratios (OR) for covariates included in the 
multivariable logistic regression model assessing the risk of SSc-
pHI at baseline in patients with SSc. dcSSc, Diffuse cutaneous SSc; 
DLCO, Diffusion capacity of carbon monoxide; ILD, Interstitial 
lung disease; OR (95% CI), Odds ratio (95% confidence interval); 
pHI, Primary heart involvement; SSc, Systemic sclerosis.

Variable

Univariable Cox model Multivariable Cox model

HR 95% CI p HR 95% CI p

Age at SSc onset 1.00 .97–1.03 .913 1.02 .98–1.05 .338

Disease duration 1.03 .99–1.08 .148 1.05 .99–1.10 .111

Sex .63 .22–1.81 .391 .97 .21–2.36 .562

Smoke .64 .22–1.85 .408

dcSSc 1.16 .53–2.52 .714

Pitting scars 1.55 .63–3.78 .339

Digital ulcers 1.62 .80–3.30 .179

Telangectasia .80 .38–1.71 .572

Calcinosis 1.76 .75–4.09 .191

Tendon friction rubs .79 .30–2.05 .622

ILD 1.81 .88–3.72 .104

Muscle weakness 1.06 .46–2.46 .894

Muscle atrophy 2.62 1.01–6.84 .048 2.83 1.01–7.73 .043

Arthritis .81 .24–2.67 .727

Oesophageal symptoms 1.40 .66–2.98 .380

Intestinal symptoms 1.46 .69–3.10 .325

Sicca syndrome .88 .43–1.81 .720

ACA .93 .44–1.94 .842

Anti-TOPO1 .97 .48–1.96 .926

Anti-SSA .90 .31–2.58 .839

Abbreviations: ACA, anticentromere autoantibodies; anti-TOPO1, anti-Topoisomerase-I; dcSSc, diffuse 
cutaneous systemic sclerosis; ILD, interstitial lung disease.

T A B L E  2   Results of the univariable 
and multivariable Cox proportional 
hazards model assessing risk factors 
for incident onset of ECG and 
echocardiographic signs of SSc-pHI in the 
analysed cohort.
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otherwise explainable, reaching 25% in a large multi-
centric national Italian cohort of patients with SSc, with 
a similar cumulative incidence over a five-year follow-
up. These alterations are not mutually exclusive within 
each patient and show weak but occasionally significant 
correlations. To support patient stratification according 
to different risk profiles, we identified disease features 
and phenotypes specifically associated with prevalent 
and incident SSc-pHI, namely dcSSc and intestinal in-
volvement for the former and skeletal muscle atrophy 
for the latter.

Our findings on the prevalence of SSc-pHI, based on 
the adopted definition, align with previous studies.3,17 
Notably, previous research confirmed the correlation be-
tween such alterations and CMR findings.5,18–20 In the 
absence of established classification criteria, we acknowl-
edge that the adopted criteria may underestimate the bur-
den of CMR-detected abnormalities that do not lead to 
electrical or echocardiographic alterations,18 while poten-
tially overestimating pHI in specific scenarios, primarily 
in ageing populations. However, by excluding major co-
morbidities and conditions that could lead to confound-
ing cardiac disease, our results likely reflect alterations 
primarily attributable to SSc.5,6 These findings also reflect 
a real-world clinical scenario, underscoring the need for 
a treatable-trait approach in patients with cardiac alter-
ations suggestive of SSc-pHI.21 In this regard, efforts to 
implement and integrate CMR data should be prioritised.

From a precision and stratified medicine perspective, 
we identified specific disease features as risk factors for 
ECG or echocardiographic alterations suggesting SSc-pHI. 
Prevalent SSc-pHI was associated with age, dcSSc and in-
testinal symptoms, while the incidence of SSc-pHI was 
higher in patients with skeletal muscle atrophy. Our find-
ings on the association between dcSSc and pHI align with 
previous evidence from monocentric and national cohorts 
adopting similar inclusion criteria.22,23 Interestingly, while 
this observation was not confirmed in patients with CMR-
defined subclinical SSc-pHI, an association with increased 
skin thickness (measured as mRSS) was reported.19 Thus, 
while acknowledging the risk of pHI across different skin 
subsets,24 we emphasize the need for particular attention 
in patients with more extensive skin fibrosis. While the 
association between intestinal symptoms and SSc-pHI 
remains unclear, our findings corroborate recent obser-
vations from the EUSTAR cohort.12 Although elucidating 
the mechanisms underlying this association is beyond the 
scope of the present research, our results may support the 
well-theorized existence of a ‘gut-heart’ axis25 even in SSc. 
We confirm muscle involvement, particularly in the form 
of muscle atrophy, as a significant predictor of SSc-pHI, 
consistent with previous reports.12,22 Finally and in agree-
ment with several previous studies,12,19,22 older age was 

associated with an increased risk of SSc-pHI. Importantly, 
the effect of age appears to be independent of concurrent 
comorbidities potentially affecting cardiac function, as per 
our exclusion criteria.

In our cohort, LV diastolic dysfunction and conduction 
defects were the most common alterations. Overall, the 
distribution of alterations defining SSc-pHI was similar to 
that reported in some previous studies,12,26 but lower com-
pared to others.27–29 This discrepancy may be due to the 
strict exclusion criteria adopted, which aimed to eliminate 
potential confounders (including comorbidities and SSc 
manifestations) that could be responsible for the observed 
abnormalities.28,30 Most importantly, caution should also 
be exercised regarding the potential confounding role of 
aging, despite showing consistent impact across several 
cohorts of patients evaluated for SSc-pHI.

Among the strengths of our study, SPRING represents 
one of the largest multicentric SSc cohorts, character-
ised by detailed clinical profiling and robust follow-up. 
Comprehensive data recording, standardisation of diag-
nostic labels, statistical adjustment for multiple testing, 
confounders, and covariates helped minimise bias. Strict 
inclusion and exclusion criteria were adopted to eliminate 
comorbidities or complications that could confound the 
assessment of cardiac alterations, according to the con-
sensus definition of SSc-pHI.5,6 Notably, patients were in-
cluded in the analysis only if complete information was 
available for each ECG and echocardiographic variable 
considered in the adopted definition of SSc-pHI.

We also must acknowledge some limitations beyond 
the retrospective nature of the study. First, the criteria 
adopted for SSc-pHI were based on data collection pre-
dating the consensus definition.5 Stringent exclusion 
criteria were applied to minimise potential interference 
from secondary causes of heart involvement, but we ac-
knowledge that this can also limit our findings to a select 
patient population. Additionally, the marked female pre-
dominance, while typical of an SSc cohort, restricts the 
generalisability of our findings to male patients. The ab-
sence of CMR data may have led to an underestimation of 
myocardial alterations not associated with functional or 
ECG abnormalities. Overestimation of cardiac abnormal-
ities unrelated to SSc could have resulted in misclassifica-
tion bias, particularly in the case of age-related changes 
or subclinical ischaemic heart disease, which warrant fur-
ther investigation. While CMR plays a central role in char-
acterising SSc-pHI, its availability is largely restricted to 
referral centres. Most importantly, efforts should be made 
to validate the predictive role of our findings on first-line 
diagnostic modalities in patients with CMR-confirmed 
SSc-pHI. Second, since right heart catheterisation is per-
formed to exclude PAH in only a minority of SSc patients, 
we used PASP ≥40 mmHg on echocardiography as an 
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additional exclusion criterion. This may have led to the 
inadvertent omission of cases of pulmonary hypertension 
secondary to SSc-pHI. Notably, we observed higher PASP 
values (even within the normal range) in patients with 
SSc-pHI compared to those without, consistent with find-
ings from other cohorts.22 Third, longitudinal data were 
available for only a subset of patients, with significant 
loss to follow-up and heterogeneous follow-up durations, 
limiting the power of our analysis. Therefore, selection 
bias should be acknowledged in the longitudinal cohort, 
as it may have contributed to an increased incidence of 
SSc-pHI. Sample size at follow-up was reduced, and this 
can potentially lead to missing information since patients 
who developed severe SSc-pHI might have been missed 
from the analysis because they died before being diag-
nosed with cardiac disease. In the follow-up population, 
two deaths were observed in patients with incident SSc-
pHI, while six deaths occurred in the counterpart, result-
ing in a non-statistically significant difference; however, 
the sample size limited our ability to estimate the survival 
in the two subsets. Fourth, the proportion of missing data 
for natriuretic peptides prevented their inclusion in the 
analysis, while serum troponins were not recorded in 
SPRING. According to the registry case report form, a 
detailed breakdown of the observed alterations was not 
available, limiting the assessment of the various nuances 
of these abnormalities (e.g. degree of conduction blocks, 
severity of arrhythmias) which could have provided im-
portant prognostic information; further focused studies 
are warranted on this point. Similarly, muscle involve-
ment was assessed solely through clinical examination, 
which could introduce measurement bias. In our analy-
sis, immunosuppressive and vasoactive treatments were 
not associated with prevalent and incident SSc-pHI al-
terations, despite the retrospective design and the asso-
ciated confounding bias preventing us from drawing any 
conclusion in this regard. Lastly, as the SPRING registry 
includes multiple referral centres across Italy, referral bias 
may have led to the selection of a cohort with more severe 
disease, potentially overestimating the prevalence of pHI 
in the general SSc population. Leveraging this potentially 
‘higher risk’ cohort, we identified risk factors to be con-
sidered for all patients referring to Rheumatology units.

In conclusion, by adopting an ECG- and 
echocardiography-based definition of SSc-pHI in line with 
consensus recommendations, we identified a prevalence 
of SSc-pHI reaching 25% in a large, multicenter Italian 
cohort. This complication was more frequent in older pa-
tients and in those with dcSSc, intestinal involvement and 
muscle atrophy. Integration of CMR data for the detection 
and correlation of myocardial fibrosis, inflammation and 
microvascular changes could enable earlier diagnosis and 
improved risk stratification. This approach may further 

refine patient selection for targeted management strate-
gies,31 enhancing our ability to identify those most at risk 
for specific SSc-pHI phenotypes.
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