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Introduction

Systemic sclerosis (SSc) is a chronic connective tissue dis-
ease, that is characterized by vascular dysfunction and 
fibrosis of the skin and internal organs including cardiac 
involvement.1 Disease severity of SSc is reflected by a 
standardized mortality ratio of 2.78, with cardiac involve-
ment being one of the main factors associated with worse 
outcome and mortality.2–4

Cardiac involvement is clinically apparent in approxi-
mately 10%–30% of SSc patients.5 Subclinical cardiac 
involvement is even estimated at >70%, depending on uti-
lized diagnostic screening tools.6 In contrast to other 

SSc-related complications, a definition of myocardial 
involvement that has been validated with prospective stud-
ies is not available. An expert-based consensus on the defi-
nition of primary heart involvement has recently been 
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published and highlights the challenge in defining and 
identifying primary heart involvement in SSc patients.7 
Since SSc-related heart involvement importantly impacts 
prognosis, early recognition of cardiac involvement is 
important.8

Currently, endomyocardial biopsy (histological confir-
mation of myocardial fibrosis) is the most specific exami-
nation available.9 Nonetheless, its applicability in clinical 
practice is limited because of the invasive nature of the test 
and the observation that histological-proven heart involve-
ment does not necessarily correlate with clinically mean-
ingful myocardial involvement.9,10 Another frequently 
used biomarker for myocardial damage is troponin T 
(TnT).11,12 However, the usefulness of this biomarker in 
the diagnosis of cardiac involvement in SSc is still unclear, 
as elevated TnT levels can also be found in patients with 
peripheral muscular damage without the presence of car-
diac disease. Recent studies showed that troponin I (TnI) 
might be more specific for involvement of the myocar-
dium. For example, in patients with muscle injury, renal 
injury or idiopathic inflammatory myopathies elevated 
TnT, but normal TnI levels were found.13 As a conse-
quence, TnI could be of additive value in identifying 
patients with possible SSc-associated myocardial involve-
ment and thus in need of more extensive diagnostic 
testing.14

A recent study demonstrated that high-sensitivity tro-
ponin I (hs-TnI) was associated with echocardiographic 
abnormalities in SSc patients.15 On the contrary, Hromádka 
et al.16 found no association between hs-TnI and cardiac 
magnetic resonance parameters in 33 asymptomatic SSc 
patients. A systematic review on the usefulness of both tro-
ponins and B-type natriuretic peptides concluded that there 
might be a role for troponins in identifying SSc-related 
myocardial involvement, but no definite conclusions could 
be made due to the lack of data resulting from the hetero-
geneity in the included studies.17

The primary aim of this study is therefore to evaluate 
the association between TnI levels and myocardial involve-
ment in SSc patients and to determine whether including 
TnI measurement in clinical practice is of additional help 
next to TnT measurements to identify SSc patients with 
myocardial involvement.

Methods

Study design

This was a cross-sectional observational study including 
patients from the Leiden Combined Care in Systemic 
Sclerosis (CCISS) cohort. Patients in the CCISS cohort 
undergo annual screening, including physical examina-
tion, laboratory testing, and cardiopulmonary screening. In 
addition, blood samples are collected annually and stored 
in the Biobank Rheumatic Diseases of Leiden University 
Medical Center (LUMC). All patients who are registered 

in the CCISS cohort gave written informed consent to par-
ticipate in studies concerning the Biobank Rheumatic dis-
eases. The Biobank Rheumatic diseases (CME no. 
B16.037, REU 043/SH/sh), the CCISS cohort (P09.003), 
and this study (B21.078) have previously been approved 
by the LUMC Committee of Medical Ethics.

Patients

Inclusion criteria for this study were age ⩾18 years, and a 
diagnosis of SSc according to American College of 
Rheumatology/European League Against Rheumatism 
(ACR/EULAR) 2013 classification criteria.18 Moreover, 
we sought to include four different subgroups of SSc 
patients: (1) patients with primary myocardial involve-
ment, (2) patients with myositis, (3) patients with elevated 
TnT levels (>14 ng/L) without other abnormalities indi-
cating organ involvement including and specifically no 
signs of myocardial involvement (normal electrocardio-
gram (ECG), Holter monitor, echocardiography, and no 
cardiac symptoms), and (4) patients with normal TnT lev-
els without any organ involvement including and specifi-
cally no signs of myocardial involvement.

Primary myocardial involvement was assessed inde-
pendently by an experienced rheumatologist and an expe-
rienced cardiologist using a score form (see Supplementary 
File S1). In case of discrepancies in agreement, the case 
was discussed to achieve consensus. In case of persisting 
discrepancies in agreement, the patient was excluded from 
the study. Preferably, patients who underwent cardiac 
magnetic resonance imaging (MRI) were selected. 
Myositis was defined as increased creatine kinase (CK) 
and muscle weakness, preferably confirmed with biopsy. 
Organ involvement was defined as the presence of any of 
the following: interstitial lung disease (as determined by 
high-resolution computed tomography (HRCT) or abnor-
mal X-ray with a forced vital capacity lower than 70% of 
predicted), critical digital ischemia (such as digital necro-
sis, gangrene, or amputation), pulmonary arterial hyper-
tension (confirmed with right heart catheterization or 
diagnosed and treated by a cardiologist), renal crisis (i.e. a 
new onset of hypertension >150/85 mm Hg obtained at 
least twice over a consecutive 24-h period or rapid decline 
in eGFR), myositis (defined as above), or death at any time 
during follow-up.

In addition, 20 samples from healthy controls (from the 
LUMC voluntary donors service (LuVDS)), matched for 
age and sex, were included. A sample size calculation was 
performed with a significance level of 5% (p < 0.05) and a 
detection power for myocardial involvement of 80%. As 
sensitivity and specificity of TnI to detect cardiac involve-
ment is not available, we used the sensitivity and specificity 
as known for the diagnosis of myocardial infarction.19 
Based on these data and the prevalence of primary myocar-
dial involvement as demonstrated by Desai et al.,5 a sample 
size of at least 13 samples with cardiac involvement was 
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calculated. We strived to include 20 patients with clear car-
diac involvement.

Materials and TnI analysis

TnI levels were measured in patients’ sera using a RayBio® 
Human Cardiac Troponin I enzyme-linked immunosorb-
ent assay (ELISA). The assay was performed following 
the manufacturer’s protocol. Sera were selected from study 
visits in which there was specific organ involvement 
according to the inclusion criteria. A positive sample was 
defined as a TnI value >0.38 ng/L (i.e. the minimal detect-
able dose of human TnI according to the manufacturer’s 
protocol).

The standard curve calculated with the RayBio® Human 
Cardiac Troponin I kit reached a maximum OD of 2.3, cor-
responding to a TnI level of 341.6 ng/L. Therefore, we 
manually set back all samples with OD >2.3 to OD 2.3 
(corresponding to a TnI level of 341.6 ng/L).

Disease outcomes

The following disease characteristics were collected for all 
patients at the time of the serum collection: age, sex, 
comorbidity (including cardiovascular disease and diabe-
tes mellitus), smoking, disease duration since first non-
Raynaud symptom, auto-antibody status (anti-centromere 
(ACA) and anti-topoisomerase I (ATA) positivity), disease 
subset (non-cutaneous, limited cutaneous, or diffuse cuta-
neous), forced vital capacity percentage of predicted 
(FVC), interstitial lung disease (ILD) defined as ILD on 
CT scan combined with FVC <80%, creatinine, CK, TnT, 
and use of immunosuppressive medication.

Statistical analysis

To summarize clinical and serological features, descriptive 
statistics were used, and potential differences between 
groups were tested as appropriate. Median TnI levels were 
compared between patients with or without primary myo-
cardial involvement using a Mann–Whitney U-test. A chi-
square test was used to test differences in proportion of 
positive test between SSc patients and healthy controls. 
TnI levels in the four subgroups of patients were compared 
using a Kruskal–Wallis test. Correlation between TnI and 
TnT levels was measured using Spearman’s rank correla-
tion. All performed tests were two-sided, and p-val-
ues < 0.05 were considered as statistically significant. 
Statistical analysis was performed using IBM SPSS ver-
sion 25.

Results

Patient characteristics

Eighty patients were included. Of the 20 SSc patients with 
primary myocardial involvement, 15 patients had an 

available cardiac MRI. Myositis was confirmed with a 
biopsy in 11 of 20 SSc patients with myositis.

The clinical characteristics of the included patients are 
shown in Table 1, and the clinical characteristics of the 
four different subgroups are shown in Supplementary File 
S2. The mean age was 58.6 years, 61.3% was female, and 
median disease duration at time of sample collection was 
4.6 years. SSc patients with myocardial involvement more 
often had cardiovascular disease (35.0% vs 17.4%) and 
diffuse cutaneous SSc (80.0% vs 33.3%), and were less 
often ACA positive (0 vs 35.0%).

TnI levels

Median TnI and TnT levels in SSc patients are presented in 
Table 2; individual TnI values of the included SSc patients 
are displayed in Figure 1. TnI levels measured in all 
included SSc patients ranged from 0 to 341.6 ng/L. The 
median TnI level in SSc patients with myocardial involve-
ment was 3.2 (1.0–18.2) ng/L and in SSc patients without 
myocardial involvement 1.0 (0.0–6.6) ng/L (p = 0.068). 
SSc patients with myositis, SSc patients with elevated TnT 
levels without organ involvement, and SSc patients with 
normal TnT levels without organ involvement had median 
TnI levels of 0.4 (0.0–4.7), 2.2 (0.0–9.9), and 1.2 (0.2–7.2) 
ng/L, respectively. No significant differences were found 
in median TnI levels between the 4 different subgroups 
(p = 0.131).

Correlation between TnT and TnI

Median TnT levels in SSc patients with and without 
myocardial involvement were comparable (26.0 (10.5–
108.3) vs 22.0 (8.0–49.5) ng/L, respectively, p = 0.527). 
In both SSc patients with and without myocardial 
involvement, TnT and TnI were not significantly corre-
lated with each other (Spearman’s rank correlation coef-
ficient: −0.020 (p = 0.946) and −0.027 (p = 0.849), 
respectively) (Table 3). In Figure 2, the levels of TnT 
and TnI in the different subgroups of SSc patients are 
shown. A wide range of TnT levels were observed in the 
myositis group (interquartile range (IQR) = 17.5–
457.5 ng/L), while the range of TnI levels in this sub-
group is smaller (IQR = 0.0–4.7 ng/L).

TnI in healthy controls

Twenty healthy controls (mean age = 55 ± 13 years, 60% 
female) were analyzed. Healthy controls were signifi-
cantly less often positive for TnI compared to the total 
group of SSc patients (30.0% vs 70.0%, p = 0.001), as well 
as in the subgroups of patients with and without myocar-
dial involvement (30.0% vs 85.0%; p < 0.001 and 30.0% 
vs 65.0%; p = 0.006, respectively). The distribution of TnI 
levels across healthy controls and SSc patients is displayed 
in Figure 3.
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Discussion

In this cross-sectional observational study, we observed 
similar TnI levels in SSc patients with and without myo-
cardial involvement. Compared to healthy controls, SSc 
patients were more often positive for TnI. However, TnI—
on its own—was not discriminative to identify SSc patients 
with myocardial involvement. TnT was also not specific 
for myocardial involvement and showed highly elevated 
levels especially in SSc patients suffering from myositis. 
TnI did not correlate with TnT.

The results of this study are in contrast to earlier 
research describing an association between TnI and echo-
cardiographic abnormalities in SSc. In our study, we 
applied a composite definition for myocardial involvement 

based on the opinion of two experts which probably identi-
fies patients with clinically relevant myocardial involve-
ment. The previous study associated elevated TnI with 
echocardiographic parameters in an SSc population with-
out clear relevant myocardial involvement. Other explana-
tions include a lack of power due to lower than expected 
values of TnI or inaccuracy of the ELISA kit used for the 
population under study. However, the ELISA we used had 
an inter- and intra-assay coefficient of variation <12% and 
the duplicate measurement confirmed the first measure-
ment in >80% of the samples, so this explanation seems 
unlikely.

In addition, our study confirmed that elevated TnT lev-
els do not strongly correlate with myocardial involvement. 
This is in line with a recent review which did not observe 

Table 1. Patient characteristics of included patients with systemic sclerosis at time of sample collection.

SSc patients (n = 80) SSc patients with myocardial 
involvement (n = 20)

SSc patients without myocardial 
involvement (n = 60)

Age (years) 58.6 ± 13.1 54.6 ± 13.8 60.0 ± 12.6
Female sex, n (%) 49 (61.3) 13 (65.0) 36 (60.0)
Smoking (at time of study visit), n (%) 10 (12.5) 1 (5.0) 9 (15.0)
Comorbidity:
Cardiovascular disease, n (%) 14 (17.4) 7 (35.0) 7 (11.7)
 Diabetes mellitus, n (%) 5 (6.3) 1 (5.3) 4 (6.7)
 Disease duration^ (years) 4.7 (1.6-11.9) 6.6 (1.3-14.0) 4.3 (1.6-9.3)
Diffuse SSc, n (%) 36 (45.0) 16 (80.0) 20 (33.3)
ANA, n (%) 78 (97.5) 18 (90.0) 60 (100)
 Anti-topoisomerase I, n (%) 20 (25.0) 8 (40.0) 12 (20.0)
 Anti-centromere, n (%) 21 (26.3) 0 (0) 21 (35.0)
Troponin T (ng/L)~ 23.0 (8.0-56.0) 26.0 (10.5-108.3) 22.0 (8.0-49.5)
Creatinine (μmol/L) 76.5 (63.5-97.3) 80.0 (58.0-86.0) 75.0 (66.0-100.0)
CK (U/L) 109.0 (71.8-197.8) 103.0 (72.0-283.0) 115.0 (71.0-187.0)
ILD#, n (%) 12 (15.0) 4 (20.0) 8 (13.3)
PAH, n (%) 2 (2.5) 1 (5.0) 1 (1.7)
Use of any immunosuppressants ever*, n (%) 55 (68.8) 13 (65.0) 42 (70.0)

ANA: anti-nuclear antibody; ATA: anti-topoisomerase antibody; ACA: anti-centromere antibody; CK: creatinine kinase; ILD: interstitial lung disease; 
PAH: pulmonary arterial hypertension.

Parametric data are reported as mean ± SD, non-parametric data as median (IQR).
^Since first non-Raynaud symptom.
*Includes methotrexate, azathioprine, cyclophosphamide, mycophenolate mofetil, corticosteroids, and biologicals.
~Note that 40 out of 80 patients were selected partially based on elevated or normal troponin T levels.
#Defined as ILD on CT combined with FVC <80%.

Table 2. Troponin levels in subgroups of SSc patients.

Primary myocardial 
involvement (n = 20)

Myositis (n = 20) No organ involvement (elevated 
troponin T) (n = 20)

No organ involvement (normal 
troponin T) (n = 20)

p-value

Troponin I 
(ng/L)

3.2 (1.0-18.2) 0.4 (0.0-4.7) 2.2 (0.0-9.9) 1.2 (0.2-7.2) 0.131*

Troponin T 
(ng/L)

26.0 (10.5-108.3) 122.0 (17.5-457.5) 31.5 (23.5-46.0) 7.0 (4.0-10.0) -

*Kruskal-Wallis test.
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an association between cardiac biomarkers (including 
TnT) and cardiovascular magnetic resonance (CMR) 
parameters of fibrosis and myocardial involvement and 
thus concluded that early features of cardiac involvement 
are not correlated with serologic cardiac biomarkers. 
Furthermore, this review concluded that biomarkers can 
point to clinically significant cardiac injury and that, as a 
consequence, cardiac biomarkers could be useful once car-
diac involvement has been diagnosed.17 Recently, in a 
study assessing the characteristics of anti-heart autoanti-
bodies (AHAs) and anti-intercalated disk autoantibodies 
(AIDAs) (both specific biomarkers of autoimmune myo-
carditis), both these antibodies correlated with the pres-
ence of clinically suspected heart involvement. In this 
study, clinically suspected heart involvement was defined 
as having symptoms, an abnormal ECG, abnormal TnI or 
natriuretic peptides, and abnormal echocardiography. 
These authors also concluded that there is probably a high 
burden of autoimmune myocardial involvement in SSc 
that is underdiagnosed, since they found relatively high 
frequencies of AHA and AIDA as compared to control 
groups consisting of non-inflammatory cardiac disease, 
ischemic heart failure, and healthy donors.20 This hypoth-
esis is also in line with previous histopathologic postmor-
tem studies showing myocardial involvement in >70% of 

SSc patients.10 One might hypothesize that the high pro-
portion of SSc samples positive for TnI as compared to 
healthy controls in our study indicates presence of sub-
clinical myocardial involvement in SSc patients. To 
address this hypothesis however, an additional, prospec-
tive study would be needed ideally including histologic 
confirmation of myocardial involvement.

It should be emphasized that a clear validated definition 
regarding the diagnosis of myocardial involvement in SSc 
is still lacking.21 In this study, the definition of myocardial 
involvement was based on detailed criteria combined with 
the independent expert opinion of an experienced cardiol-
ogist and rheumatologist. One might hypothesize that spe-
cific manifestations of myocardial involvement associate 
differently with troponins. In this study, we are underpow-
ered to perform a sensitivity analysis to evaluate the asso-
ciation between TnI and different manifestations of 
myocardial involvement. In addition, it would be interest-
ing to evaluate serial TnI measurements where gradual 
increase of TnI could possibly reflect (development of) 
myocardial involvement.

This study should be interpreted within its limitations. 
First, as this study was designed as a cross-sectional study, 
follow-up data were not included. The subgroup of SSc 
patients without any clinical organ involvement included 
patients with increased levels of troponins. It would be 
interesting to see if these patients will develop myocardial 
involvement over time, which would demonstrate a poten-
tial prognostic value of troponins. Indeed, in a recent 
paper by Paik et al.,22 SSc patients with elevated TnI lev-
els had a 2.16-fold increased risk of death even after cor-
recting for age, sex, disease duration, and cardiopulmonary 
risk factors. In our study population, we also observed a 
slightly higher percentage of deaths in patients with ele-
vated TnI group (n = 7 (12.5%) vs n = 2 (8.3%)), but our 
study is underpowered test to this observation for statisti-
cal significance.

For this purpose, we additionally looked into the medi-
cal records of the four patients without organ involvement 
but with TnI levels >20 ng/L. Interestingly, none of these 
patients have developed clinically relevant myocardial 
involvement (mean follow-up time 4.5 years).

Second, as commented on before, the sample size of 
this study might have prevented detection of smaller dif-
ferences in TnI levels between the different subgroups of 
SSc patients. Especially in the comparison between Figure 1. Troponin I levels in subgroups of SSc patients.

Table 3. Correlation between troponins in patients with systemic sclerosis.

Primary myocardial involvement (n = 20) No primary myocardial involvement (n = 60)

Troponin T (ng/L) 26.0 (10.5–108.3) 22.0 (8.0–49.5)
Troponin I (ng/L) 3.2 (1.0–18.2) 1.0 (0.0–6.6)
Spearman’s rank correlation: –0.020 –0.027
 Correlation coefficient p = 0.946 p = 0.849
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patients and healthy donors, the group of healthy donors 
was relatively small. However, from a diagnostic point of 
view, smaller differences are of less value as these would 
complicate diagnostic interpretation in the individual 
patient.

In conclusion, based on this study, we do not identify 
an additive value of TnI in the diagnosis of myocardial 
involvement in SSc patients. Measurement of TnI can 
still be of prognostic value, but this needs to be evalu-
ated in future studies on prediction of outcome in SSc. 
As SSc-related myocardial involvement is a poor prog-
nostic factor, and since the prevalence of myocardial 
involvement in SSc is potentially underestimated, 

further research focusing on biomarkers for the (early) 
diagnosis of myocardial involvement is essential.
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