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Abstract
Objectives

Systemic sclerosis (SSc) is a chronic autoimmune disease characterised by skin and internal organ involvement. Despite 
the acknowledgment that cardiovascular (CV) complications are a leading cause of death in SSc, the extent of CV risk and 
major adverse cardiac events (MACEs) remains unclear. Aim of this study is to evaluate the association between SSc and 

the risk of MACEs through a systematic literature review and meta-analysis, focusing on non-fatal stroke (nfS) and 
non-fatal myocardial infarction (nfMI) as secondary outcomes.

Methods
We systematically searched for cohort and prospective studies published up to November 2024. We included studies 

reporting hazard ratios (HRs) with 95% confidence intervals (CIs) for SSc and cardiovascular outcomes. Random-effects 
meta-analyses were conducted to estimate pooled HRs. Heterogeneity was assessed using the I² statistic, and publication 

bias was evaluated via Egger’s test.

Results
Eleven studies (n=12,235 SSc patients included) were included initially; SSc was associated with an increased risk 

of MACE (pooled HR 1.8, 95% CI 1.4–2.3), albeit with high heterogeneity (I²=89.2%). Removal of overlapping datasets 
confirmed a significantly elevated risk (pooled HR 1.9, 95% CI 1.3–2.7), with persistent heterogeneity (I²=88.72%). 

Subgroup analyses showed significant geographic variation. For secondary outcomes, SSc was associated with higher risks 
of nfS (pooled HR 1.5, 95% CI 1.2–1.9) and nfMI (pooled HR 2.5, 95% CI 1.9–3.5), with a decrease in heterogeneity.

Conclusions
Patients with SSc face a significantly increased risk of major CV events, including stroke and myocardial infarction. 

These findings underscore the need for tailored CV risk assessment and management strategies in SSc. 
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Introduction
Systemic sclerosis (SSc) is an autoim-
mune chronic disease, targeting skin 
and several internal organs, with a pro-
found impact on life expectancy (1, 2).
According to data from the European 
Scleroderma Trial and Research (EUS-
TAR) database, patients with SSc have 
a 10-year survival rate of 62.5%, and 
cardiovascular (CV) diseases repre-
sent the leading cause of death in this 
population (3). While the association 
between chronic inflammation, a hall-
mark of numerous rheumatological 
disorders, and elevated CV risk is well 
established, the etiopathogenesis of CV 
risk in SSc patients remains controver-
sial and incompletely understood (4).
The impact of traditional risk factor in 
SSc appears less pronounced compared 
to other rheumatological conditions.  
The contribution of lipid abnormalities 
and arterial hypertension in this con-
text remains unclear and warrants fur-
ther investigation, while the prevalence 
of diabetes mellitus and obesity is less 
pronounced than general population (5, 
6). 
However, in addition to chronic inflam-
mation both macro and microvascular 
systems are affected in SSc (1). En-
dothelial dysfunction plays a pivotal 
role, contributing to immune dysregu-
lation, fibrosis and vascular damage 
(4, 7). These processes may underlie 
the increased CV risk observed in SSc 
patients. Additionally, structural vascu-
lar changes, such as intimal thickening 
and capillary loss, further highlight the 
complexity of the vascular pathology 
in SSc (7).
The increased CV risk and its impli-
cations are well-recognised within the 
context of rheumatologic diseases bur-
den (8). Recent years have seen grow-
ing awareness of the need to assess and 
manage this risk in various rheumato-
logic conditions, particularly inflam-
matory arthritis (9-12) and connective 
tissue disorders such as systemic lupus 
erythematosus (SLE) and antiphospho-
lipid syndrome (11, 12).  However, SSc 
has not received similar emphasis, and 
the European Alliance of Associations 
for Rheumatology (EULAR) recom-
mends applying the same CV risk man-
agement strategies used for the general 

population (13). This is partly due to 
inconsistent data regarding the magni-
tude of CV risk in SSc, with contradic-
tory findings across studies.
Therefore, the primary objective of this 
meta-analysis was to synthesise current 
evidence on the association between 
SSc and major CV events. Secondary 
objectives included evaluating the sep-
arate risks of non-fatal stroke (nfS) and 
non-fatal myocardial infarction (nfMI).

Methods
Study design
This meta-analysis was designed ac-
cording to the Preferred Reporting 
Items for Systematic Reviews and 
Meta-Analysis (PRISMA) (14) and 
performed following the checklist of 
Meta-analysis of Observational Studies 
in Epidemiology (15). Three different 
investigators independently conducted 
the literature searched on electronic da-
tabase such as PubMed, Google Schol-
ar, Cochrane Library for potential study 
from January 2013 to November 2024. 
Following search terms were used: 
“systemic sclerosis”, “scleroderma”, 
“systemic scleroderma”, “connective 
tissue diseases”, “major adverse car-
diac event”, “MACE”, “cardiovascular 
diseases”, “stroke”, “ischemic stroke”, 
“myocardial infarction”, “cardiovas-
cular death”. The title and abstract of 
articles were screened for relevancy 
and the full text of relevant studies was 
reviewed for eligibility. Only full-text 
articles from published sources were 
included, with no attempts made to 
identify unpublished studies.

Eligibility criteria
Studies were eligible if they were co-
hort or prospective studies and if they 
evaluated the association between 
MACE and SSc, that represents the 
primary endpoint of this meta-analysis. 
Secondary endpoints were the associa-
tion between the risk of non-fatal stroke 
(nfS) and non-fatal myocardial infarc-
tion (nfMI) and SSc. As for the defini-
tion of MACE, we initially intended to 
adopt the one provided in each article 
itself. However, given the limited num-
ber of studies using that definition, we 
decided to include in the primary anal-
ysis all articles that assessed the risk of 
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CV death and/or nfS and/or nfMI (the 
classical 3-point definition), whether 
evaluated as a composite outcome or 
as individual events. This approach 
aligns with the 2008 FDA Guidance for 
Industry on Evaluating Cardiovascular 
Risk in New Antidiabetic Therapies for 
Type 2 Diabetes, which has been rec-
ommended and widely adopted in sub-
sequent clinical trials (16).
Studies included must showed associa-
tion estimates with 95% confidence in-
tervals (CI) or necessary data for such 
calculations. Studies were included 
regardless of sample size. If multiple 
publications regarding the same study 
were identified, then we only included 
the study with the largest number of 
cases. Only studies in English were eli-
gible.

Data extraction and quality assessment
We reviewed the full manuscript of all 
articles extracted by primary search. 
A manual search of the reference list 
of the retrieved studies was also con-
ducted to identify additional relevant 
studies. Then, we applied the previ-
ously mentioned eligibility criteria to 

these articles to create the final list of 
studies for the meta-analysis. Any disa-
greements were resolved through joint 
evaluation. Data extracted from each 
study included the following: first au-
thor’s name, publication year, country, 
study design, assessment of exposure 
and outcome, confounding variables, 
and crude and adjusted risk estimates 
with corresponding 95% CIs. If only 
unadjusted estimates were provided, 
we included the crude estimate. For 
studies reporting multiple estimates of 
the association, we use those adjusted 
for the most appropriate covariates. For 
studies that did not report an estimate 
for MACE but only for nfS and nfMI, 
we used the highest available estimate 
(MACE_H). Where available, the low-
est estimate was included separately in 
a sensitivity analysis (MACE_L).
The complete process of the extraction 
of the included studies is illustrated in 
Figure 1.
The quality of individual studies was 
assessed using the Newcastle-Ottawa 
Quality Assessment Scale (NOS). This 
scale evaluates the aspects of the popu-
lation and sample methods, exposure 

and outcome description, and statisti-
cal matching/adjustments of the data. 
The quality scores were determined for 
each study, with a maximum score of 
nine. Studies with score ≥7 were classi-
fied as high-quality studies; the others 
were classified as low-quality studies.

Statistical analysis
The hazard ratio (HR) and their CIs 
were used as measures of the asso-
ciation. We calculate I2 to examine 
statistical heterogeneity across stud-
ies. Since a high heterogeneity was 
expected, based on the experience of 
previous studies, we used a random-
effects model throughout the analysis 
estimate the summary HRs (17). We 
also performed a sub-grouped analysis 
by comparing studies of high and low 
quality, by the country where the stud-
ies were conducted (dividing them into 
Europe, Asia, and America), and bas-
ing on the use of adjusted or unadjust-
ed estimates, where feasible. This was 
done to explore the possible source of 
heterogeneity and effect of modifica-
tion. Meta-regression was used for the 
interaction test. A sensitivity analysis 

Fig. 1. PRISMA flowchart of inclusion and exclusion of studies.
n: numbers; PB: publication bias; nfMI: non-fatal myocardial infarction; nfS: non-fatal stroke.
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was conducted to examine the influ-
ence of a single study on the overall 
risk estimate by omitting one study and 
combining the remaining in each turn. 
Potential publication bias was assessed 
by Egger’s test (18). In case of evidence 
suggesting potential publication bias, 
the primary causes of this bias were in-
vestigated and mitigated by excluding 
studies considered to be biased. Statis-
tical analysis was performed using the 
RStudio graphical interface v 0.98 for 
R software environment v 3.0.2 with 
the “metafor” package. For all primary 
analyses, we used a conventional two-
tailed significance threshold of p<0.05. 

However, for publication bias assess-
ment, we employed a less stringent 
threshold of p<0.10 to enhance the sen-
sitivity of detection, given the typically 
limited power of these tests. This ap-
proach follows standard meta-analytic 
practice, allowing for more conserva-
tive identification of potential reporting 
biases that could influence interpreta-
tion of results.

Results
Figure 1 summarises the search results. 
From an initial pool of 4,682,215 ar-
ticles identified, 4,681,370 duplicates 
were removed. After the first prelimi-

nary screening in which titles and ab-
stracts were evaluated, the majority 
of the citations were excluded mainly 
because they were not cohort studies, 
or they didn’t examine relevant ex-
posure or outcomes. After a rigorous 
assessment of inclusion or exclusion 
criteria 834 articles were excluded 
and a final set of 11 articles (6, 19-28) 
were included for the main analysis 
(MACE_H and its sensitivity analysis 
MACE_L). 
Table II summarises the risk of bias 
among cohort studies included in the 
main and secondary analyses, assessed 
using NOS.

Table I. Characteristics of the study included in the analyses.

First Author	 Year of	 Nation	 Study	 SSc	 HC	 mean age-years	 Female- %	 MACE	 nfMIA	 nfS	 Adjusted	 Outcome
	 publication		  design	 n=17905	 n=1,082,454	 (SSc vs. HC)	 (SSc vs. HC)	 HR	 HR	 HR	 estimates	 assessment

Man (6)	 2012	 USA	 cohort	 865	 8643	 58.7 vs 58.7	 86 vs 86	 -	 1.93	 2.56	 Yes	 Read Classification
Chu (19)	 2013	 Taiwan	 cohort	 1344	 13,440	 50.6 vs 50.6	 75.7 vs 75.7	 -	 2.45	 -	 Yes	 ICD-9
Chiang (20)	 2013	 Taiwan	 cohort	 1238	 13,380	 49.4 vs 49.4	 76 vs 76	 -	 -	 1.52	 Yes	 ICD-9
Aviña-Zubieta (22)	 2016	 Canada	 cohort	 1223	 12,433	 56 vs 56	 83 vs 83	 -	 3.59	 2.35	 Yes	 ICD-9 and ICD-10
Hesselvig (23)	 2018	 Denmark	 cohort	 1962	 5,428,380	 49.2 vs 40.2	 80 vs 50.9	 2.22	 -	 -	 Yes	 ICD-10
Butt (24)	 2019	 Denmark	 cohort	 2778	 13,520	 55 vs 55	 76 vs 76	 -	 2.08	 1.28	 Yes	 ICD-8 or ICD-10
Ying (21)	 2020	 USA	 cohort	 4545	 9,090	 60.9 vs 61	 17 vs 17	 -	 -	 1.21	 Yes	 ICD-9
Kurmann (25)	 2020	 USA	 cohort	 78	 156	 56.1 vs 56	 91 vs 91	 -	 4.88	 1.92	 Yes	 Physician diagnosis
Sun (26)	 2022	 Denmark	 cohort	 1569	 6,276	 55 vs 55	 80.4	 -	 1.66	 1.57	 Yes	 ICD-8 or ICD-10
Yen (27)	 2024	 Taiwan	 cohort	 1379	 2,758	 53.1 vs 53.2	 71 vs 71	 1.04	 -	 -	 Yes	 ICD-9
Huang (28)	 2024	 Taiwan	 cohort	 1507	 1,000,000	 52.8 vs 43.9	 72 vs 50	 -	 -	 1.11	 Yes	 ICD-9

SSc: systemic sclerosis; n: number; HC: health control; MACE: major adverse cardiac event; nfMI: non-fatal myocardial infarction; HR: hazard ratio; nfS: non-fatal 
stroke; ICD: The International Classification of Diseases.

The imagines used in the table are from: https://www.flaticon.com/free-icons/donts” title=”donts icons”.

Table II. Representation of the scores assigned to the various questions for the risk of bias assessment of included articles according to the 
Newcastle-Ottawa Scale for observational cohort studies.
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SSc and risk of MACE
For the purpose of our study, we firstly 
conducted a random-effect meta-anal-
ysis to assess the association between 
SSc and MACE. Eleven studied were 
included with a total population of 
1,100,358, of which 17905 were pa-
tients affected by SSc and 1,081,454 
were controls. Characteristics of the 
included studies are showed in Table I. 
The individual studies were published 
between 2012 and 2024, and the stud-
ies areas included United States, Cana-

da, Europe (Denmark) and Taiwan. As-
sessments for SSc was mostly based on 
International Classification of Diseases 
(ICD) as well as the outcomes.
Results from individual studies showed 
a significant increased risk of overall 
MACE in SSc (pooled HR 1.8, 95% 
CI 1.4-2.3) when the highest estimates 
were included (MACE_H), confirmed 
by the sensitivity analysis (MACE-
L: pooled HR 1.6, 95% CI 1.3-2.0) 
(Fig. 3). In both main and sensitivity 
analysis a high degree of heterogene-

ity across studies emerged (MACE_H: 
I2 = 88.4%, p-value for heterogene-
ity <0.001. MACE-L: I2 =86.2%, p-
value for heterogeneity <0.001). We 
conducted subgroup analyses based 
on geographic regions to explore po-
tential causes of heterogeneity. In the 
United Stated (2 studies only), the 
estimated effect was not statistically 
significant (pooled HR=1.62, 95% CI: 
0.78-3.37, p=0.1923). However, the 
analysis revealed considerable hetero-
geneity between studies (I2= 75.20%), 

Fig. 2. Funnel plots indicating a potential publication bias on the association between systemic sclerosis and major adverse cardiac event in the first meta-
nalyses of 11 studies (a) and after removing 4 studies possible sources of bias (b).
inv se: inverse standard error; logHR: logarithm of hazard ratio.

Fig. 3. Forest plot of the association between systemic sclerosis and major adverse cardiac event. MACE_H includes higher risk estimates from included 
studies (main analysis), while MACE_L reflects lower estimates (sensitivity analysis).
MACE: major adverse cardiovascular event; SSc: systemic sclerosis; vs: versus; RE: random effects; HR: hazard ratio.
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similar to what observed in the analysis 
among Asian studies (4 studies), even if 
a higher risk of MACE in SSc popula-
tion was statistically significant in this 
case (pooled HR= 2.20, 95% CI: 2.00-
2.42, p<0.0001, I2= 75.45%). Analysis 
of studies from Europe revealed the 
strongest and most consistent associa-
tion. In this region, patients with SSc ex-
hibited more than doubled MACE risk 
compared to controls (pooled HR= 2.20, 
95% CI: 2.00-2.42, p<0.0001). Notably, 
no significant heterogeneity was detect-
ed among these studies (I2= 0.00%).
A subgroup analysis comparing stud-
ies based on their quality, as assessed 
by the NOS (Table II), was not feasible 
since there were not studies classified 
as “low-quality”, such as all studies 
showed adjusted association estimates.
However, we then conducted a mixed-
effect meta-regression analysis, using 
the quality of the study and the country 
of origin as moderators. This analysis 
confirmed the low impact of the qual-
ity of the studies in the influence of 
effect size (p=0.2290), while the coun-
try of origin was confirmed as signifi-
cant moderator (HR=0.85, p=0.0183). 
However, the residual heterogene-
ity (tau2) was 0.0721, indicating sub-
stantial unexplained variance, with a 
significant unexplained heterogene-
ity remained (I2= 78.58%, QE (df=8) 
=26.17, p=0.06)
Sensitivity analysis did not identify 
studies that had substantial influences 

on the overall risk estimate, with pooled 
HRs ranging from 1.68 to 1.90.
Finally, it was explored the possibility of 
publication bias through the visual anal-
ysis of Funnel Plot (Fig. 2) and Egger 
test, with the evidence of possible pres-
ence of it (p=0.0015). For this reason, 
from a closer evaluation of the databases 
used in the included studies, it was found 
that some (Chu et al. (19), Yen et al. 
(27), Huang et al. (28) among Taiwan-
ese paper and Hesselvig et al. (23), Butt 
et al. (24), Sun et al. (26) for Denmark) 
had used data from the same databases. 
For this reason, a second meta-analysis 
was conducted, excluding the studies 
that had used the same databases and 
included the study among them with a 
higher sample size (Fig. 4).
After excluding overlapping datasets, 
7 studies remained (n=71,930 total; 
12,106 SSc patients vs. 59,824 con-
trols). Also in the previous analysis, 
two separate analyses were performed: 
for studies reporting both HRs for nfS 
and nfMI, we used the higher estimate 
for main analysis (MACE_H) and the 
lower one for the sensitivity analysis 
(MACE_L) (Fig. 4).
The pooled HR for MACE in the main 
analysis (MACE_H) was 1.9 (95% CI 
1.3–2.7, p=0.002), with persistent high 
heterogeneity (I²=88.72%, p<0.0001) 
(Fig. 4). Besides, in the MACE_L anal-
ysis, although the pooled HR remained 
consistent with the main one, the het-
erogeneity decreased (I²=59.53%, 

p=0.0216). Funnel plot analysis and 
Egger’s test no longer indicated sig-
nificant publication bias in this reduced 
dataset (Fig. 2).
The subgroup analysis by country of 
origin confirmed a high variability be-
tween studies conducted in Asia and the 
USA (I2= 70.16% and I2=75.20% re-
spectively), which in this case showed 
estimates that were not statistically sig-
nificant, probably due to the reduced 
sample size. In contrast, significant 
data associated with low heterogene-
ity persisted among European stud-
ies (I2=0.00%), which were confirmed 
as the studies with the most consist-
ent data (pooled HR 1.64, p<0.0001). 
However, in this case the mixed-effects 
meta-regression model of the seven 
included studies does not confirm 
the country of origin of the study as 
a moderator of variability: the results 
of this analysis in fact showed that the 
residual heterogeneity after consider-
ing the potential moderators remains 
high (QE (df=4) =20.9411, p=0.0003, 
tau2=0.1482).

SSc and risk of ischaemic ictus 
and IMA
From the initial set of 11 studies in-
cluded for assessing the overall risk of 
MACE, we specifically selected those 
that reported data on the risk of non-
fatal stroke (nfS) and non-fatal myo-
cardial infarction (nfMI) separately 
(Fig. 1). This selection followed a care-

Fig. 4. Forest plot of the association between systemic sclerosis and major adverse cardiac event, after excluding studies impacting on the risk of publica-
tion bias. MACE_H includes higher risk estimates from included studies (main analysis), while MACE_L reflects lower estimates (sensitivity analysis).
MACE: major adverse cardiovascular event; SSc: systemic sclerosis; vs: versus; RE: random effects; HR: hazard ratio.
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ful evaluation and exclusion of studies 
using data from the same database to 
avoid publication bias.
To analyse the risk of nfS in patients 
with SSc, 7 studies (6, 20-22, 24, 25, 
28) with a total population of 1,069,456 
individuals was included, comprising 
12,235 patients with SSc and 1,057,222 
controls. All selected studies were as-
sessed as high-quality according to 
the NOS. The publication year ranged 
from 2012 and 2024, with 2 studies 
from Taiwan, 4 from the United States, 
and the remaining 1 from Europe.
The random-effect meta-analysis re-
vealed a significant increased risk of 
nfS in the SSc population compared to 
controls, with a pooled HR of 1.5 (95% 
CI 1.2-1.9, I2= 68.98%) (Fig. 5).
For the risk of nfMI, 5 studies (6, 19, 
22, 24, 25) were included in the ran-
dom-effect meta-analysis. The studies 
reported an even higher risk for SSc 
patients compared to controls, with a 
pooled HR of 2.5 (95% CI 1.9-3.3). 
The studies were published between 
2012 to 2020, three of which from 
USA, one from Taiwan and one from 
Europe. These studies were also rated 
as “high-quality” on the NOS. Howev-
er, this analysis also showed substan-
tial variability between studies, with an 
I2 value lower than previous analyses 
(I2= 54.87%) (Fig. 5).

Discussion
This meta-analysis demonstrates a sig-
nificant association between SSc and 

an increased risk of MACE, including 
nfS and nfMI. Our findings update and 
extend previous work by focusing on 
MACE as the primary endpoint, high-
lighting the CV burden in SSc beyond 
traditional risk factors.
A prior meta-analysis by Chen et al. 
(29) examined the risk of stroke in SSc, 
although its inclusion criteria and pri-
mary endpoint differed from those of 
this analysis. Moreover, some studies 
in that meta-analysis featured overlap-
ping or non-SSc cohorts (e.g., multiple 
sclerosis), raising concerns about po-
tential bias in the estimates (30, 31). 
The stringent selection criteria chosen 
in the current analysis excluded such 
studies and prioritized MACE, a com-
posite endpoint not previously ana-
lysed in this context.
Furthermore, Chen and colleagues (29) 
incorporated the results from Conrad et 
al. in their assessment of CV disease 
risk as a secondary outcome. The ex-
clusion of the latter study was a signifi-
cant limitation, given the relevance and 
its significant impact on the rheumatol-
ogy scientific community (33). Nota-
bly, it was the first large-scale national 
study that identified, among the 19 
rheumatological conditions analysed, 
patients with SSc and SLE as those at 
the highest risk CV risk (33). 
As previous stated, significant efforts 
have been made in recent years to en-
hance the management of CV risk in 
patients with rheumatological diseases 
(16, 34, 35). However, the focus has 

predominantly been on specific diseas-
es such as inflammatory joint diseases, 
and SLE (whether or not associated 
with antiphospholipid antibody syn-
drome) (32, 36, 37), for which we have 
well-defined CV risk management rec-
ommendation or guidelines (9, 11-13). 
In contrast, the EULAR recommenda-
tions for CV risk management, which 
cover many diseases including SSc, 
acknowledge the increased CV risk in 
these patients. However, they do not 
suggest significant changes in manage-
ment to the general population, mainly 
due to a lack of supporting evidence. 
Traditional CV risk factors appear less 
influential in SSc compared to other 
rheumatological conditions (38), al-
though hypertension has been identi-
fied as an independent predictor of sub-
clinical atherosclerosis (39). Its inter-
pretation, however, is complicated by 
the widespread use of calcium channel 
blockers for Raynaud’s phenomenon 
and, unlike in RA, data on the impact 
of hypertension on the risk of MACE 
in SSc are lacking (5, 40). Prevalence 
of diabetes and obesity generally re-
flects that of the general population, 
while data on hyperlipidaemia remain 
conflicting (5).
Finally, both macro and microvascular 
systems are affected in SSc, as they 
represent the hallmark of the diseases 
and probably the most impactful altera-
tion on the CV risk (41, 42). Endothe-
lial dysfunction is a key feature in both 
SSc and atherosclerosis, suggesting 

Fig. 5. Forest plots of the association of systemic sclerosis with non-fatal stroke (nfS) and non-fatal myocardial infarction (nfMI), after removing studies 
possible sources of publication bias.
nfS: non-fatal stoke; nfMI: non-fatal myocardial infarction; SSc: systemic sclerosis; vs: versus; RE: random effects; HR: hazard ratio.



8 Clinical and Experimental Rheumatology 2026

CV risk in SSc: meta-analysis findings / G. Pellegrino et al.

a potential interplay that may explain 
the association between the disease and 
CV risk (4). Clinical evidence from a 
large cohort of SSc patients demon-
strates that several vascular manifesta-
tions serve as independent predictors 
of atherosclerosis (39).
A point to address is the definition 
of MACE: as detailed in a review by 
Bosco et al. the definition of “MACE” 
varies significantly across clinical stud-
ies where authors may choose to use 
three-, four-, or five-point outcomes, 
including or excluding hospitalisation 
for unstable angina or revascularisa-
tion, or heart failure. This heteroge-
neity introduces potential biases and 
complicates the comparability of stud-
ies (43).
In the present study, a MACE definition 
proposed by the FDA in 2008 was used 
(16). It, although would not be the most 
widely used or recent, remains a stand-
ard endorsed by regulatory authorities. 
Notably, it was chosen an outcome that 
exclude heart failure, as this condition 
is a frequent manifestation in SSc due 
to various disease-related mechanisms 
(41). However, the focus of our study 
was to evaluate CV features as comor-
bidities rather than as disease-specific 
manifestations. This rationale also in-
formed the decision to exclude the data 
from Conrad et al. study (33).
It emerged another important issue in 
this research field: the lack of study 
that have been analysed the risk of 
MACE with a composite endpoint in 
SSc patients (44). The initial intent 
of this study was to conduct a meta-
analysis estimating the risk of MACE, 
using the definition provided in the ar-
ticles. However, the literature search 
yielded only two studies evaluating 
this risk in patients with SSc (23, 27), 
an insufficient number for meaning-
ful statistical analysis. Consequently, 
it was decided to expand criteria to 
include estimates of nfS and nfMI as 
defined in the literature. While this 
approach introduced greater hetero-
geneity between studies, a significant 
limitation of this paper, it enabled to 
provide the first assessment of MACE 
risk in a large population.
Taken together these considerations 
highlight the need future research 

should prioritize investigating the in-
terplay between inflammatory and pro-
thrombotic mechanisms, hallmark fea-
tures of SSc (42). Such studies could 
help define distinct phenotypes of SSc-
related CV disease and establish dis-
ease-specific MACE definition, which 
may, in turn, guide more effective man-
agement strategies for these patients.
This meta-analysis faced several limi-
tations, including, as stated above, high 
heterogeneity across studies and poten-
tial publication bias. The exclusion of 
studies using the same databases did 
not fully eliminate heterogeneity. As 
expected, a decrease emerged when 
the analyses were conducted only on 
estimates referring to nfS and/or nfMI, 
confirming what discussed above about 
the MACE definition. Surprising af-
ter controlling for publication bias, 
a difference in term of heterogeneity 
was found in the sensitivity analysis 
(MACE_L,) (Fig. 4). The observed dif-
ference is primarily attributable to the 
non-significant findings of Kurmann et 
al. (25), which consistently showed the 
widest 95% CIs across analyses.

Conclusion
In conclusion this meta-analysis, with 
more than 70000 patients evaluated, 
provides compelling evidence that pa-
tients with SSc have an increased risk 
of MACE, including nfS and nfMI. 
It highlights an important comorbid-
ity that should be carefully considered 
in the management of these patients, 
managing them as potential “high CV 
risk patients” also without alteration on 
traditional risk factors.
Despite current guidelines that treat 
them similarly to the general popula-
tion, individuals with SSc may indeed 
benefit from more aggressive and tar-
geted CV risk assessment and manage-
ment strategies. Further large-scale, 
prospective studies are needed to clari-
fy the pathophysiological mechanisms, 
refine risk stratification, and establish 
dedicated guidelines that address both 
traditional and disease-specific factors 
contributing to CV disease in SSc.

Acknowledgments
The 4.0 version of ChatGPT, developed 
by OpenAI, was used as a language 

tool to refine our writing and enhanc-
ing the clarity of our work.

References
  1.	ROSENDAHL A, SCHÖNBORN K, KRIEG T: 

Pathophysiology of systemic sclerosis (scle-
roderma). Kaohsiung J Med Sci 2022; 38(3): 
187-95. https://doi.org/10.1002/kjm2.12505

  2.	LEPRI G, DI BATTISTA M, CODULLO V et al.: 
Systemic sclerosis: one year in review 2024. 
Clin Exp Rheumatol 2024; 42(8): 1517-28. 

	 https://
	 doi.org/10.55563/clinexprheumatol/is29he
  3.	ELHAI M, MEUNE C, BOUBAYA M et al.: 

Mapping and predicting mortality from 
systemic sclerosis. Ann Rheum Dis 2017; 
76(11): 1897-905. https://

	 doi.org/10.1136/annrheumdis-2017-211448
  4.	GERASIMOVA EV, SHAYAKHMETOVA RU, 

GERASIMOVA DA, POPKOVA TV, ANANYEVA 
LP: Systemic Sclerosis and Atherosclerosis: 
Potential Cellular Biomarkers and Mecha-
nisms. Front Biosci-Sch 2023; 15(4): 16. 

	 https://doi.org/10.31083/j.fbs1504016
  5.	PSARRAS A, SOULAIDOPOULOS S, GARY-

FALLOS A, KITAS G, DIMITROULAS T: A crit-
ical view on cardiovascular risk in systemic 
sclerosis. Rheumatol Int 2017; 37(1): 85-95. 

	 https://doi.org/10.1007/s00296-016-3530-3
  6.	MAN A, ZHU Y, ZHANG Y et al.: The risk of 

cardiovascular disease in systemic sclerosis: 
a population-based cohort study. Ann Rheum 
Dis 2013; 72(7): 1188-93. https://

	 doi.org/10.1136/annrheumdis-2012-202007
  7.	VOLKMANN ER, ANDRÉASSON K, SMITH 

V: Systemic sclerosis. Lancet 2023; 
401(10373): 304-18. https://

	 doi.org/10.1016/s0140-6736(22)01692-0
  8.	KARAKASIS P, PATOULIAS D, STACHTEAS 

P, LEFKOU E, DIMITROULAS T, FRAGAKIS 
N: Accelerated Atherosclerosis and Manage-
ment of Cardiovascular Risk in Autoimmune 
Rheumatic Diseases: An Updated Review. 
Curr Probl Cardiol 2023; 48(12): 101999. 
https://

	 doi.org/10.1016/j.cpcardiol.2023.101999
  9.	CACCIAPAGLIA F, SPINELLI FR, ERRE GL et 

al.: Italian recommendations for the assess-
ment of cardiovascular risk in rheumatoid ar-
thritis: a position paper of the Cardiovascular 
Obesity and Rheumatic DISease (CORDIS) 
Study Group of the Italian Society of Rheu-
matology. Clin Exp Rheumatol 2023; 41(9): 
1784-91. https://

	 doi.org/10.55563/clinexprheumatol/hyaki6
10.	ATZENI F, ALCIATI A: Cardiovascular Risk in 

Systemic Inflammatory Arthritis. J Clin Med 
2023; 12(8): 2779. 

	 https://doi.org/10.3390/jcm12082779
11.	AVOUAC J, FOGEL O, HECQUET S et al.: Rec-

ommendations for assessing the risk of cardi-
ovascular disease and venous thromboembo-
lism before the initiation of targeted therapies 
for chronic inflammatory rheumatic diseases. 
Joint Bone Spine 2023; 90(5): 105592. 

	 https://doi.org/10.1016/j.jbspin.2023.105592
12.	AGCA R, HESLINGA SC, ROLLEFSTAD S et 

al.: EULAR recommendations for cardio-
vascular disease risk management in patients 
with rheumatoid arthritis and other forms 
of inflammatory joint disorders: 2015/2016 



9Clinical and Experimental Rheumatology 2026

CV risk in SSc: meta-analysis findings / G. Pellegrino et al.

update. Ann Rheum Dis 2017; 76(1): 17-28. 
https://

	 doi.org/10.1136/annrheumdis-2016-209775
13.	DROSOS GC, VEDDER D, HOUBEN E et al.: 

EULAR recommendations for cardiovascu-
lar risk management in rheumatic and mus-
culoskeletal diseases, including systemic 
lupus erythematosus and antiphospholipid 
syndrome. Ann Rheum Dis 2022; 81(6): 768-
79. https://

	 doi.org/10.1136/annrheumdis-2021-221733
14.	PANIC N, LEONCINI E, DE BELVIS G, RIC-

CIARDI W, BOCCIA S: Evaluation of the En-
dorsement of the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis 
(PRISMA) Statement on the Quality of Pub-
lished Systematic Review and Meta-Analy-
ses. PLoS One 2013; 8(12): e83138. 

	 https://doi.org/10.1371/journal.pone.0083138
15.	STROUP DF, BERLIN JA, MORTON SC et al.: 

Meta-analysis of Observational Studies in 
Epidemiology: A Proposal for Reporting. 
JAMA 2000; 283(15): 2008-12. 

	 https://doi.org/10.1001/jama.283.15.2008
16.	SHARMA A, PAGIDIPATI NJ, CALIFF RM et 

al.: Impact of Regulatory Guidance on Eval-
uating Cardiovascular Risk of New Glucose-
Lowering Therapies to Treat Type 2 Diabetes 
Mellitus: Lessons Learned and Future Direc-
tions. Circulation 2020; 141(10): 843-62. 
https://

	 doi.org/10.1161/circulationaha.119.041022
17.	DERSIMONIAN R, LAIRD N: Meta-analysis in 

clinical trials. Control Clin Trials 1986; 7(3): 
177-88. https://

	 doi.org/10.1016/0197-2456(86)90046-2
18.	EGGER M, SMITH GD, SCHNEIDER M, MIND-

ER C: Bias in meta-analysis detected by a 
simple, graphical test. BMJ 1997; 315(7109): 
629-34. 

	 https://doi.org/10.1136/bmj.315.7109.629
19.	CHU SY, CHEN YJ, LIU CJ et al.: Increased 

Risk of Acute Myocardial Infarction in Sys-
temic Sclerosis: A Nationwide Population-
based Study. Am J Med 2013;126(11): 982-8. 
https://

	 doi.org/10.1016/j.amjmed.2013.06.025
20.	CHIANG CH, LIU CJ, HUANG CC et al.: Sys-

temic sclerosis and risk of ischaemic stroke: 
a nationwide cohort study. Rheumatology 
2013; 52(1): 161-5. 

	 https://doi.org/10.1093/rheumatology/kes352
21.	YING D, GIANFRANCESCO MA, TRUPIN L, 

YAZDANY J, GREIDINGER EL, SCHMAJUK 
G: Increased Risk of Ischemic Stroke in Sys-
temic Sclerosis: A National Cohort Study of 
US Veterans. J Rheumatol 2020; 47(1): 82-8. 

	 https://doi.org/10.3899/jrheum.181311
22.	AVIÑA-ZUBIETA JA, MAN A, YURKOVICH M, 

HUANG K, SAYRE EC, CHOI HK: Early Car-
diovascular Disease After the Diagnosis of 
Systemic Sclerosis. Am J Med 2016; 129(3): 
324-31. https://

	 doi.org/10.1016/j.amjmed.2015.10.037
23.	HESSELVIG JH, KOFOED K, WU JJ, DREYER 

L, GISLASON G, AHLEHOFF O: Localized 
Scleroderma, Systemic Sclerosis and Cardio-
vascular Risk: A Danish Nationwide Cohort 
Study. Acta Derm Venereol 2018; 98(3): 361-

5. https://doi.org/10.2340/00015555-2842
24.	BUTT SA, JEPPESEN JL, TORP-PEDERSEN 

C et al.: Cardiovascular Manifestations of 
Systemic Sclerosis: A Danish Nationwide 
Cohort Study. J Am Heart Assoc 2019; 8(17): 
e013405. 

	 https://doi.org/10.1161/jaha.119.013405
25.	KURMANN RD, SANDHU AS, CROWSON CS 

et al.: Cardiovascular Risk Factors and Ath-
erosclerotic Cardiovascular Events Among 
Incident Cases of Systemic Sclerosis: Re-
sults from a Population-Based Cohort (1980-
2016). Mayo Clin Proc 2020; 95(7): 1369-
78. https://

	 doi.org/10.1016/j.mayocp.2019.12.015
26.	SUN G, YAFASOVA A, ANDERSSON C et al.: 

Gender- and age-specific rates of heart fail-
ure and other adverse cardiovascular out-
comes in systemic sclerosis. Rheumatology 
2022; 61(11): 4374-83. https://

	 doi.org/10.1093/rheumatology/keac072
27.	YEN TH, CHEN YW, HSIEH TY et al.: The risk 

of major adverse cardiovascular events in pa-
tients with systemic sclerosis: a nationwide, 
population-based cohort study. Rheumatol-
ogy 2024; 63(8): 2074-82. https://

	 doi.org/10.1093/rheumatology/kead464
28.	HUANG YC, LAI ECC, LIAO TC, WENG MY: 

Evaluating the risk of ischemic stroke at 
a young age in patients with autoimmune 
inflammatory rheumatic diseases: a popu-
lation-based cohort study in Taiwan. Front 
Immunol 2024; 15: 1272557. 

	 https://doi.org/10.3389/fimmu.2024.1272557
29.	CHEN IW, WANG WT, LAI YC et al.: Associa-

tion between systemic sclerosis and risk of 
cerebrovascular and cardiovascular disease: 
a meta-analysis. Sci Rep 2024; 14(1): 6445. 
https://doi.org/10.1038/s41598-024-57275-9

30.	TSENG C-H, HUANG W-S, LIN C-L, CHANG 
Y-J: Increased risk of ischaemic stroke 
among patients with multiple sclerosis. Eur 
J Neurol 2015; 22(3): 500-6. 

	 https://doi.org/10.1111/ene.12598
31.	THORMANN A, MAGYARI M, KOCH-HEN-

RIKSEN N, LAURSEN B, SØRENSEN PS: Vas-
cular comorbidities in multiple sclerosis: a 
nationwide study from Denmark. J Neurol 
2016; 263(12): 2484-93. 

	 https://doi.org/10.1007/s00415-016-8295-9
32.	GAVILÁN-CARRERA B, MARTÍNEZ-RO-

SALES E, PALACIOS-MORENILLA C, DÍAZ-
CHAMORRO A, SORIANO-MALDONADO A, 
VARGAS-HITOS JA: Associations of physi-
cal activity, sedentary time, and fitness with 
cardiovascular risk and atherosclerosis over 
3 years in women with systemic lupus ery-
thematosus. Med Clin 2024; 163(7): 327-35. 

	 https://doi.org/10.1016/j.medcli.2024.04.023
33.	CONRAD N, VERBEKE G, MOLENBERGHS G 

et al.: Autoimmune diseases and cardiovas-
cular risk: a population-based study on 19 
autoimmune diseases and 12 cardiovascular 
diseases in 22 million individuals in the UK. 
Lancet 2022; 400(10354): 733-43. https://

	 doi.org/10.1016/s0140-6736(22)01349-6
34	 MISRA DP, HAUGE EM, CROWSON CS, KITAS 

GD, ORMSETH SR, KARPOUZAS GA: Athero-
sclerotic Cardiovascular Risk Stratification 

in the Rheumatic Diseases. Rheum Dis Clin 
North Am 2023; 49(1): 19-43. 

	 https://doi.org/10.1016/j.rdc.2022.07.004
35.	ZIMBA O, GASPARYAN AY: Cardiovascular 

issues in rheumatic diseases. Clin Rheumatol 
2023; 42(10): 2535-9. 

	 https://doi.org/10.1007/s10067-023-06656-y
36	 OCAMPO-TORRES MC, HERNÁNDEZ-MOLI-

NA G, CRIALES-VERA S, SÁNCHEZ-GUER-
RERO J, LARA-REYES P, ROMERO-DÍAZ J: 
Coronary Artery Calcification Progression 
in Patients with Systemic Lupus Erythema-
tosus. J Rheumatol 2024; 51(10): 991-6. 

	 https://doi.org/10.3899/jrheum.2024-0040
37.	WONG CY, MA BMY, ZHANG D, CHEUNG W, 

CHAN TM, YAP DYH: Cardiovascular risk 
factors and complications in patients with 
systemic lupus erythematosus with and 
without nephritis: a systematic review and 
meta-analysis. Lupus Sci Med 2024; 11(1): 
e001152. 

	 https://doi.org/10.1136/lupus-2024-001152
38.	CASTAÑEDA S, VICENTE-RABANEDA EF, 

GARCÍA-CASTAÑEDA N, PRIETO-PEÑA D, 
DESSEIN PH, GONZÁLEZ-GAY MA: Unmet 
needs in the management of cardiovascular 
risk in inflammatory joint diseases. Expert 
Rev Clin Immunol 2020; 16(1): 23-36. https://

	 doi.org/10.1080/1744666x.2019.1699058
39.	HEILMEIER U, FELDMANN D, LEYNES A et 

al.: Chronic low-grade inflammation in pa-
tients with systemic sclerosis is associated 
with increased risk for arteriosclerotic car-
diovascular disease. Front Med 2024; 11: 
1446268. 

	 https://doi.org/10.3389/fmed.2024.1446268
40.	MARTÍN-MARTÍNEZ MA, CASTAÑEDA S, 

GONZÁLEZ-JUANATEY C et al.: Incidence of 
first cardiovascular event in Spanish patients 
with inflammatory rheumatic diseases: pro-
spective data from the CARMA project. Clin 
Exp Rheumatol 2019; 37(5): 731-9.

41.	LIAKOULI V, VERDE I, RUSCITTI P et al.: 
Clinical and subclinical atherosclerosis in 
patients with systemic sclerosis: an ob-
servational, multicentre study of GIRRCS 
(Gruppo Italiano di Ricerca in Reumatologia 
Clinica e Sperimentale). Clin Exp Rheumatol 
2024; 42(8): 1645-55. https://

	 doi.org/10.55563/clinexprheumatol/zr8j5p
42.	FERLITO A, CAMPOCHIARO C, TOMELLERI 

A, DAGNA L, DE LUCA G: Primary heart in-
volvement in systemic sclerosis, from con-
ventional to innovative targeted therapeutic 
strategies. J Scleroderma Relat Disord 2022; 
7(3): 179-88. 

	 https://doi.org/10.1177/23971983221083772
43.	BOSCO E, HSUEH L, MCCONEGHY KW, GRA-

VENSTEIN S, SAADE E: Major adverse car-
diovascular event definitions used in obser-
vational analysis of administrative databases: 
a systematic review. BMC Med Res Methodol 
2021; 21(1): 241. 

	 https://doi.org/10.1186/s12874-021-01440-5
44.	BHATTY A, WILKINSON C, SYDES M, GALE 

CP: Defining the need for cardiovascular 
event definitions. Eur Heart J Qual Care 
Clin Outcomes 2024; 10(2): 105-7.

	 https://doi.org/10.1093/ehjqcco/qcae008


