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Objectives: Early detection of subclinical atherosclerosis is pivotal for preventing symptomatic coronary artery
disease. This study aimed to compare the proportion of patients with systemic sclerosis (SSc) having an Agatston
coronary artery calcification (CAC) score >100 using high-resolution computed tomography (HRCT) chest scans
to a background population using cardiac CT scans, and to identify disease-specific risk factors for subclinical
CAC in patients with SSc.

Methods: Logistic regression models, adjusted for cardiovascular risk factors, evaluated the odds ratio of patients
having a CAC score >100. CAC scores for the background population were derived from two cardiac CT
screening cohorts. CAC scores by HRCT chest scans were calibrated using a conversion factor to adjust for
overestimation in comparison to CAC scores obtained from dedicated cardiac CT scans.

Results: HRCT chest scans from 394 patients with SSc were evaluated. In total, 116 (29.4 %) had a CAC score of 0,
while 162 (41.1 %) had a CAC score >100. Disease duration (OR=1.05, 95 % CI 1.01-1.09) and a history of
digital ulcers (OR=2.25, 95 % CI 1.31; 3.86) were independently associated with a CAC score >100. Compared
to the background population, a significantly higher proportion of SSc patients had a CAC score >100 (35.0 % vs.
23.2 %, p<0.001).

Conclusion: The identification of subclinical atherosclerosis using routine HRCT chest scans in patients with SSc
offers the potential to detect individuals at increased risk of developing CAD and guide preventive treatment
strategies. Additionally, digital ulcers appear to be a novel risk factor for subclinical CAD in these patients.

Introduction

Patients with systemic sclerosis (SSc) have an increased risk of cor-
onary artery disease (CAD) compared to the general population [1-7],
with an approximately two-fold increased risk of myocardial infarction
[8]. Evidence indicates that the increased risk of CAD in patients with
SSc is independent of traditional cardiovascular risk factors [1,3-7,9],
and a recent nationwide study suggested that patients with SSc have the
highest incidence of CAD among patients with autoimmune diseases [7].

While symptomatic CAD in patients with SSc can result from
microvascular disease and vasospasms of the coronary arteries [10],

several studies have demonstrated an increased prevalence of macro-
vascular disease and arteriosclerosis of the coronary arteries in patients
with SSc compared to reference individuals [11]. Endothelial injury is
central to both the development of arteriosclerosis and the pathogenesis
of SSc [12]. In SSc, endothelial dysfunction and defective angiogenesis
lead to intimal hyperplasia and media thickening in medium-sized
vessels, as well as structural changes in capillaries characterized by
enlargement and progressive loss of capillaries. The widespread oblit-
erative vasculopathy and impaired neoangiogenesis result in reduced
tissue perfusion, and clinical manifestations, such as poor digital
perfusion and ischemic digital ulcers [12].

* Corresponding author at: Department of Rheumatology, Aarhus University Hospital, Palle Juul-Jensens Boulevard 45, 8200 Aarhus N, Denmark.

E-mail address: esben.naeser@clin.au.dk (E.U. Naser).

! Esben U. Naeser and Frederik C. Enevoldsen contributed equally to this study.

https://doi.org/10.1016/j.semarthrit.2025.152723

Available online 10 April 2025

0049-0172/© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0001-8185-9666
https://orcid.org/0000-0001-8185-9666
mailto:esben.naeser@clin.au.dk
www.sciencedirect.com/science/journal/00490172
https://www.elsevier.com/locate/semarthrit
https://doi.org/10.1016/j.semarthrit.2025.152723
https://doi.org/10.1016/j.semarthrit.2025.152723
http://crossmark.crossref.org/dialog/?doi=10.1016/j.semarthrit.2025.152723&domain=pdf
http://creativecommons.org/licenses/by/4.0/

E.U. Neeser et al.

Coronary artery calcification (CAC) of the epicardial coronary ar-
teries is a surrogate marker for atherosclerotic plaque burden [13]. The
Agatston CAC score, traditionally computed from non-contrast electro-
cardiography (ECG)-gated computed tomography (CT) scans of the
heart, is the strongest predictor of atherosclerotic cardiovascular events
in asymptomatic individuals with an intermediate risk of CVD [14,15].
In the St. Francis Heart Study, a CAC score threshold above 100 versus
below 100 was associated with 9.6 times the risk of atherosclerotic
cardiovascular events in asymptomatic individuals [15]. In contrast, an
Agatston CAC score of 0 is associated with a very low 10-year risk of
developing atherosclerotic cardiovascular disease events, even in the
presence of traditional risk factors [16].

In patients with SSc, high-resolution CT (HRCT) scans of the chest are
recommended for the early detection and monitoring of systemic
sclerosis-associated interstitial lung disease (SSc-ILD) [17,18]. These
scans differ from dedicated cardiac CT-scans in multiple parameters, as
HRCT chest scans are non-ECG-gated, have a thinner slice thickness
(<1.5 mm compared to ~3 mm), and different reconstruction algo-
rithms [19]. In both SSc and non-SSc patients, CAC scores on regular
chest CT scans provide reliable estimates that independently predict CV
events and death [20-23]. Thus, cardiovascular risk stratification of SSc
patients based on opportunistic CAC scoring using HRCT chest scans
holds the potential to guide primary prevention treatment.

The primary aims were (1) to evaluate the prevalence and severity of
CAC using HRCT chest scans in a large single center cohort of SSc pa-
tients, (2) to evaluate the agreement between the Agatston CAC score
and a simple visual assessment of CAC, and (3) to identify disease-
specific risk factors for higher values of CAC in SSc patients.

Methods
Design and study population

We conducted a retrospective, single-center, cross-sectional cohort
study on middle-aged patients aged 50 to 75 years who were diagnosed
with SSc according to the 2013 ACR/EULAR classification criteria [24].
Data were collected using electronic health records and radiological
electronic archiving systems.

The hospital registry was used to identify patients aged between 50
and 75 years who were registered with an SSc diagnosis (ICD-10 code
M34) between 1 January 2012 and 1 December 2022. Inclusion criteria
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were fulfilment of the 2013 ACR/EULAR SSc classification criteria [24]
and having an HRCT chest scan performed during the inclusion period.
Exclusion criteria included a history of myocardial infarction or prior
coronary intervention, and the inability to retrieve of HRCT chest scan
images or poor image quality (Fig. 1).

As references for the CAC scores in the SSc patients, we used CAC
scores from 17,252 individuals aged 50-75 years from a population with
a low risk of CVD in the same geographical area [25]. Individuals in the
background population had participated in two separate
population-based studies (DANCAVAS and DanRisk) using ECG-gated
cardiac CT scan to examine the prevalence of CAC [26,27]. The
computed population-based CAC percentiles have been published [25]
and are freely available through an online calculator (http://flscripts.
dk/cacscore/).

HRCT chest scan

We retrieved the first HRCT chest scan performed during the inclu-
sion period from the regional electronic archiving systems. The date of
the HRCT chest scan was chosen as the index date.

HRCT chest scans were analyzed using the original slice thickness
(median of 0.9 mm [range 0.625 mm-1.25 mm]) [28]. CAC was assessed
using two different methods: (1) the continuous Agatston calcium score
[13], and (2) a simple categorical visual scoring method ranging from no
calcium to minimal and moderate to heavy calcium burden corre-
sponding to estimated CAC scores of 0, 1- 99, 100-999, and > 1000,
respectively (Supplementary Figure 1) [22]. When using the Agatston
method, CAC was defined as voxels contained within the coronary ar-
teries with a value greater than or equal to 130 Hounsfield Units using a
semiautomatic scoring system [13]. The left main coronary artery, left
anterior descending artery, left circumflex artery, and right coronary
artery were evaluated. Assessment of CAC was carried out using
VitreaCore 6.5.1 (Canon Medical Systems Corporation).

CAC scoring was performed by two readers (EN and FE). Prior to the
analyses, the readers had received supervised training from an experi-
enced cardiologist (SW) and had subsequently performed CAC score
analyses of more than 200 ECG-gated CT and HRCT chest scans each. To
assess the efficacy of the training, ECG-gated CT scans from a subset of
SSc patients (N=43) were analyzed randomly by one of the readers and
the cardiologist. The mean difference between the Agatston CAC scores
assessed by a cardiologist and the readers was 11.9 (95 % limits of

Patients registered with an SSc diagnosis and
aged between 50 - 75 years during the study period
(January 2012 — October 2022)

n=617

Patients assessed for eligibility,
n=>545

Not eligible

Did not fulfill the 2013 ACR/EULAR criteria,

Patients with an HRCT scan eligible for analysis,
n=2394

Excluded due to

No HRCT scan performed n
Age <50 or >75 years at time of HRCT scan n=9.
Prior coronary intervention therapy, n=9
HRCT scan not available/poor image quality, n=4

n=1

Fig. 1. Flowchart depicting the identification of patients, the assessment of eligibility, and exclusion due to different criteria.
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agreement: -70.9; 94.7), and the corresponding intraclass correlation
coefficient (ICC) showed an excellent correlation between the respective
CAC scores (ICC 0.99 (95 % confidence interval: 0.99-0.99)) [29]
(Supplementary Figure 2).

Covariates

Demographics, SSc disease characteristics, and CVD risk factors
registered in the electronic health records within + one year of the index
date were collected using predefined criteria (Supplementary Table 1).
The following cardiovascular risk factors were collected from the elec-
tronic health records: smoking history, body mass index (BMI), hyper-
tension, diabetes mellitus, dyslipidemia, kidney failure, and known
arteriosclerotic CVD. Hypertension was defined as the use of anti-
hypertensive medication or SBP > 140 mm Hg or DBP > 90 mm Hg
based on repeated home measurements of blood pressure. Dyslipidemia
was defined based on active lipid-lowering treatment, while kidney
failure was defined as eGFR < 60. Diabetes mellitus (DM) was defined as
a documented history of DM, and/or the use of anti-diabetic medica-
tions. Arteriosclerotic CVD was defined as previous stroke or peripheral
arterial surgery.

Statistical analysis

Continuous variables are presented as means and standard de-
viations (SD) or medians and interquartile ranges (IQR). Categorical
variables are presented as counts and percentages ( %). The Shapiro-
Wilk test and QQ-plots were used to assess the Gaussian distribution
of data. Logistic regression models, both crude and adjusted for tradi-
tional CVD risk factors (age, gender, BMI, diabetes, hypertension, dys-
lipidemia, smoking, and arteriosclerotic CVD) evaluated odds ratios for
an Agatston CAC score >100. The correlation between the Agatston CAC
score and the visual score of CAC was assessed using the weighted
Cohen’s kappa coefficient (k) with standard error (SE).

The age-specific 50th, 75th, and 90th percentiles of the background
population’s CAC scores were plotted against the observed CAC scores in
patients with SSc, stratified by gender. Based on the age- and gender-
composition of our study population, we calculated the expected pro-
portion of individuals in the background population with a CAC score
>100 stratified for each age band between 50 and 75. We used a two-
tailed one-sample z-test for proportions to compare the proportion of
individuals with a CAC score >100 in the background population to the
observed proportion of patients with SSc who had a CAC score >100. To
account for the systematic overestimation of CAC by HRCT chest scan
compared to ECG-gated CT, the CAC scores in SSc patients obtained by
HRCT chest scans were calibrated using a conversion equation, which
was calculated based on the results from a previous validation of CAC
score by HRCT chest scan [28]. The calibration equation was calculated
from Bland-Altman plots of log;o-transformed mean difference of the
Agatston CAC scores from ECG-gated gated CT scan against HRCT chest
scan. Details are provided in Supplementary Figure 3. All analyses were
carried out in Stata 18.0 (StataCorp).

Ethical permission

Access to the electronic health records was approved by the regional
committee in Central Region Denmark and the Danish Data Protection
Agency (case number: 1-16-02-344-22). According to Danish law, no
approval was required from the Danish health research ethics commit-
tees for this type of study.
Results

Patient inclusion and characteristics

We identified 545 patients aged 50 to 75 years who fulfilled the 2013
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ACR/ EULAR SSc classification criteria [24]. Of these, 394 were eligible
for CAC scoring using HRCT chest scans (Fig. 1). The median age among
SSc patients was 62 years (IQR 56-68) and the majority were females
(73.9 %) (Table 1). Sixty-six (16.8 %) patients were current smokers,
and 222 patients (56.4 %) had one or more risk factors for CVD.
Although the demographics were similar between eligible and ineligible
patients (Supplementary Table 1), the eligible SSc patients had a shorter
disease duration, more frequent use of immunosuppressive medications,
and a greater disease burden, including more pronounced microvascular
involvement of the digits, increased SSc-related gastrointestinal symp-
toms, and more severe SSc-ILD.

Severity of coronary artery calcification in SSc

The median Agatston CAC score in the SSc patients was 52 (IQR: 0;
410). Agatston CAC scores were significantly higher in male subjects
compared to female subjects (139 (IQR: 15-605) vs. 30 (IQR: 0-304),
p<0.001) (Table 2). CAC scores of 0, 1 to 99, and >100 were present
in 116 (29.4 %), 116 (29.4 %), and 162 (41.1 %) patients, respectively.

Table 3 shows a comparison of characteristics between patients with
Agatston CACS >100 and Agatston CACS <100. Patients with an Agat-
ston CAC score >100 were older and had a higher burden of traditional
cardiovascular risk factors, including hypertension (48.1 % vs. 31.6 %,
p=0.001), dyslipidemia (21.6 % vs. 12.5 %, p=0.02), diabetes mellitus
(14.2 % vs. 3.0 %, p<0.001), arteriosclerotic cardiovascular disease (9.9
% vs. 4.3 %, p=0.03), and smoking history (72.2 % vs. 53.9 %,
p<0.001). A higher proportion of patients with CACS >100 had a his-
tory of digital ischemic ulcers (30.2 % vs. 19.0 %, p=0.01).

Impact of SSc-specific disease parameters on the presence of coronary
artery calcification

Table 4 shows the SSc-specific disease parameters associated with an
Agatston CAC score of >100. Both disease duration and digital ulcers
were associated with an Agatston CAC score of >100 in both univariate
and multivariate analyses (adjusted OR=1.05 (95 % CI 1.01; 1.09) and
adjusted OR= 2.25 (95 % CI 1.31; 3.86), respectively). We found no
associations with cutaneous subsets, immunological profile, or any other
clinical SSc characteristics.

Agreement between Agatston CAC score and visual assessment of CAC
score on HRCT chest scan

Table 5 shows the agreement between the Agatston CAC score and
the simple visual assessment of CAC on HRCT chest scans. Supplemen-
tary Figure 1 illustrates four examples of different severities of CAC
scores based on the Agatston CAC score and their corresponding simple
visual scores on HRCT chest scans.

When compared to the Agatston CAC score, the simple visual score
showed a strong correlation (k = 0.93 [SE = 0.04]). A total of 30 patients
(7.6 %) had discordant CAC categories between the visual score and the
corresponding Agatston CAC score. Only 1 patient (0.3 %) was mis-
classified by more than one CAC category. In agreement with the find-
ings using the Agatston CAC score, only disease duration and digital
ulcers were associated with moderate to severe calcification using visual
assessment in both univariate and multivariate analyses (Supplementary
Table 2).

Distribution of coronary arterY calcifications in SSc compared to the
background population

The proportion of patients with SSc with CAC scores >100 was
significantly higher in the background population (35.0 % versus 23.2
%, p<0.001). When stratified by gender, the proportion of female SSc
patients with CAC score >100 was significantly higher than that of the
female in the background population (30.6 % versus 17.8 %, p<0.001)
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Table 1
Baseline characteristics and cardiovascular risk factors in patients with SSc.
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Total (n=394)

Females (n=291) Males (n=103)

Demographics
Age, median (IQI) 62
Body mass index, median (IQI) 24.9
Body mass index classification, n ( %)
Underweight (BMI<18.5) 18
Normal (BMI 18.5-24.9 kg/m?) 179
Overweight (BMI 25-29.9 kg/m?) 111
Obese (BMI>30) 81
Smoking history, n ( %)
Never smoker 150
Ex-smoker 174
Current smoker 66
Unknown 4
Cardiovascular risk factors
Hypertension, n ( %) 151
Dyslipidaemia, n ( %) 64
Kidney failure, n ( %) 34
Diabetes mellitus, n ( %) 30
Arteriosclerotic CVD, n ( %) 26
Stroke 19
Peripheral arterial surgery 8
SSc characteristics
Disease duration since first non-RS symptom, years median a1Qn! 4.5
Time duration since diagnosis of SSc, years, median (IQI) 0.1
Modified Rodnan skin score, median (IQI) 4
Cutaneous subset, n ( %)
Limited 218
Diffuse 146
No skin involvement 30
Autoantibodies, n ( %)
Anti-centromere 157
Anti-topoisomerase 1 47
Anti-RNA polymerase III 31
Other SSc related autoantibodies” 75
No SSc specific autoantibodies 84
Organ involvement
Raynaud’s phenomenon, n ( %) 359
Gastrointestinal involvement, n ( %) 265
Interstitial lung disease, n ( %) 193
Digital ischemic ulcers, n ( %) 93
Arthritis, n ( %) 82
Myositis, n ( %) 42
Myocarditis, n ( %) 9
Pulmonary arterial hypertension, n ( %) 22
Previous renal SSc crisis, n ( %) 11
Current medical treatment
Prednisolone, n ( %) 71
Immunosuppressive medicine, n ( %) 101
Methotrexate 49
Mycophenolate 25
Hydroxychloroquine 13
Other immunosuppressive treatments’ 35

(56; 68) 62 (56; 68) 62 (56; 67)
(22.4; 28.7) 24.5 (22.1;28.8) 25.1 (23.1; 28.7)
(4.6) 16 (5.6) 2 (2.0
(46.0) 134 (46.7) 45 (44.1)
(28.2) 76 (26.1) 35 (34.0)
(20.6) 61 (21.0) 20 (19.4)
(38.1) 125 (43.0) 25 (24.3)
(44.2) 124 (42.6) 50 (48.5)
(16.8) 40 13.7) 26 (25.2)
1.0) 2 0.7) 2 (1.9)
(38.4) 113 (38.8) 38 (37.3)
16.2) 45 (15.5) 19 (18.4)
(8.6) 25 (8.6) 9 (8.7)
(7.6) 17 (5.8) 13 (12.5)
(6.6) 18 (6.2) 8 (7.8)
(4.8) 13 (4.5) 6 (5.8)
(2.0) 6 (2.1)) 2 1.9)
(1.4;11.4) 5.0 (1.7; 12.0) 2.7 0.7; 7.8)
(0.0; 4.8) 0.14 (0.0; 6.2) 0.0 0.0; 1.9)
(29 4 (2; 8) 6 (4;12.3)
(55.3) 176 (60.5) 42 (40.8)
(37.1) 89 (30.6) 57 (55.3)
(7.6) 26 (8.9) 4 (3.9)
(39.7) 133 (45.7) 24 (23.3)
(11.9) 37 12.7) 11 (10.7)
(7.9) 25 (8.6) 6 (5.8)
(19.0) 54 (18.6) 21 (20.4)
(21.3) 43 (14.8) 41 (39.8)
(90.9) 270 (92.8) 88 (85.4)
(67.3) 206 (70.8) 59 (57.3)
(49.0) 139 (47.8) 54 (52.4)
(23.6) 63 (21.6) 30 (29.1)
(20.8) 59 (20.3) 23 (22.3)
10.7) 24 (8.3) 18 (17.5)
(2.3) 2 0.7) 7 (6.8)
(5.6) 16 (5.5) 6 (5.8)
(2.8) 7 2.4 4 (3.9)
(18.0) 46 (16.0) 25 (25.0)
(25.6) 67 (23.0 34 (33.0)
12.4) 37 12.7) 12 11.7)
(6.4) 13 (4.5) 12 (11.7)
(3.3 10 3.4 3 (2.9)
(8.9) 24 (8.3) 11 (10.7)

Abbreviations:Arteriosclerotic CVD, Arteriosclerotic cardiovascular disease; IQR, interquartile range.

1 284 valid responses.
2 Including Anti-U3RNP, Anti Th/To, Anti-U1-RNP, Anti-PM-Scl and Anti-KU.

3 Other immunosuppressives used in less than 10 patients, including azathioprine, abatacept, cyclophosphamide, ciclosporin, leflunomide, interleukin 1 inhibitor,

rituximab, salazopyrine, tocilizumab, and tumor necrosis factor inhibitor.

(see Fig. 2, lower panel). However, while the proportion of male SSc
patients with a CAC score >100 was higher than that of male individuals
in the background population, the difference was not statistically sig-
nificant (47.6 % vs. 38.3 %, p=0.052).

Discussion

This study found a significantly higher burden of subclinical coro-
nary artery calcification in a cohort of systemic sclerosis (SSc) patients
compared to the background population. It also demonstrated that CAC
scoring can easily be performed using a simple visual assessment of
existing HRCT chest scans. Furthermore, we observed an association
between digital ulcers and coronary artery calcification, suggesting a

link between peripheral vascular disease and subclinical macrovascular
coronary arteriosclerosis.

Patients with SSc have an increased risk of premature CAD [1-7],
and it is important to be aware of early signs of CAD. The CAC score is
superior to other methods for risk stratification of CVD among asymp-
tomatic individuals (e.g. SCORE2, Framingham Risk Score, carotid in-
tima media thickness or biomarkers), and has been suggested to better
identify individuals at high risk who would benefit from primary car-
diovascular preventive intervention, including treatment with statins
and aspirin [30-32]. CAC quantified on non-gated CT scans has good
agreement with CAC on ECG-gated CT scans [33] and several radio-
logical societies recommend reporting CAC scores on routinely per-
formed CT chest scans [34,35].
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Table 2
Coronary artery calcifications in patients with SSc stratified by sex.

Total Female Male subjects
subjects (n=103)
(n= 291)
Coronary calcifications
Agatston CAC score, 52 (0; 30 (0; 139 (15;
median (IQR) 410) 304) 605)
Plaque present
No plaques 116  (29.4) 101 (34.7) 15 (14.6)
1-vessel 102 (25.9) 74 (25.4) 28 (27.2)
2-vessels 97 (24.6) 63 (21.7) 34 (33.0)
3-vessels 79 (20.1) 53 (18.2) 26 (25.2)
Agatston CAC score,
categorial, n ( %)
0 116  (29.4) 101 (34.7) 15 (14.6)
1-99 116  (29.4) 85 (29.2) 31 (30.1)
100- 999 111 (28.2) 71 (24.4) 40 (38.8)
>1000 51 (12.9) 34 (11.7) 17 (16.5)
Visual assessment of CAC
score, n ( %)
None 115 (29.2) 100 (34.9) 15 (14.6)
mild 118  (30.0) 86 (29.6) 32 (31.1)
Moderate 113 (28.7) 73 (25.1) 40 (38.8)
Heavy 48 (12.2) 32 (11.0) 16 (15.5)

Abbreviations: CAC score; coronary artery calcium score, IQR, interquartile
range.

Expert recommendations for the utilization of HRCT chest scans
suggest screening for SSc-ILD at the time of diagnosis, particularly in
patients at high risk of SSc-ILD progression, or in cases with declining
pulmonary function tests or the onset of new respiratory symptoms [18].
Consequently, the majority of SSc patients undergo one or more HRCT
chest scans during their disease course, presenting an opportunity for
opportunistic analysis of CAC [36,37]. Such analysis could potentially
guide preventive cardiovascular medical treatment and interventions.
While the Agatston CAC score stands out as the gold standard for eval-
uating CAC, it requires dedicated software and the absolute Agatston
CAC score is often overestimated on non-gated CT chest scans [28,38].
Chiles et al. have demonstrated that a simple visual assessment of CAC is
comparable to the Agatston CAC score on non-gated low-dose chest CT
scans to predict cardiovascular mortality in 1,575 smokers [22],
allowing easy stratification of cardiovascular disease risk. Using HRCT
chest scans, we demonstrate that the Agatston CAC score and this simple
visual score strongly correlate. Moreover, the recent development of
deep learning-based computer vision technologies enables the auto-
matic quantification of coronary artery calcification from
non-ECG-gated chest CT scans. This method has demonstrated a strong
agreement with visual CAC scoring in SSc [39] and holds promise for
routine reporting of CAC from HRCT chest scans in patients with SSc.
Still, it should be emphasized that CAC scoring on HRCT chest scans may
vary [28] and should not replace the use of dedicated cardiac CT.

Previous studies on subclinical calcifications detected by dedicated
cardiac CT scans in patients with systemic sclerosis (SSc) have yielded
conflicting results. Three studies found that SSc was an independent risk
factor for CAC [40-42], while one study found no difference in CAC
between SSc patients and controls [43]. Furthermore, two prior studies
have suggested that the SSc disease duration is independently associated
with CAC [41,42]. The results of these studies are not directly compa-
rable to our study due to differences in study population and methods
used to assess CAC. Our study included middle-aged patients with SSc
and showed significantly higher calibrated CAC score from routinely
collected HRCT-scans in comparison to CAC score using ECG-gated
cardiac CT scan. Likewise, we observed a high prevalence of CAC
scores >100 in male patients with SSc, but the prevalence of CAC score
>100 was not significantly different from the background population,
which may be explained by the smaller number of male patients with SSc¢
in the study.
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Table 3
Comparison of characteristics in patients with Agatston CACS >100 and Agat-
ston CACS <100.

Agatston Agatston P-
CACS >100 CACS <100 value
(n=162) (n= 232)
Demographics
Age group median (IQI) 0.001
50-59 41 (25.3) 151  (49.6)
60-69 80 (49.4) 88 (37.9)
70-75 41 (25.3) 29 (12.5)
Males, n ( %) 57 (35.2) 46 (19.8)  0.001
Obesity (BMI>30) 31 (19.1) 50 (21.6) 0.34
Smoking history, n ( %)’ <0.001
Never smoker 44 (27.5) 106 (46.1)
Current or ex-smoker 116 (72.5) 124 (53.9)
Cardiovascular risk factors
Hypertension, n ( %) 78 (48.1) 73 (31.6) 0.001
Dyslipidaemia, n ( %) 35 (21.6) 29 (12.5) 0.023
Diabetes mellitus n ( %) 23 14.2) 7 (3.0 <0.001
Kidney failure, n ( %) 17 (10.5) 17 (7.3) 0.27
Arteriosclerotic CVD, n ( %) 16 9.9 10 4.3) 0.03
Number of cardiovascular risk <0.001
factors, n ( %)
0 50 (30.9) 115 (49.6)
1-2 88 (53.3) 106 (45.7)
>3 24 (14.8) 11 4.7)
SSc characteristics
Disease duration since first non-RS 0.18
symptom, n ( %)>
0-5 years 50 (35.8) 101  (43.5)
>5 years 54 (33.3) 78 (33.6)
Modified Rodnan skin score, n ( %) 0.25
<15 139 (85.8) 208 (86.7)
>15 23 (14.2) 24 (10.3)
Cutaneous subset, n ( %) 0.19
Limited 89 (54.9) 129 (55.6)
Diffuse 65 (40.1) 81 (34.9)
No skin involvement 8 (4.9) 22 (9.5)
Autoantibodies, n ( %) 0.13
Anti-centromere antibody 65 (40.1) 92 (39.7)
Anti-topoisomerase 1 16 9.9) 31 (13.4)
Anti-RNA polymerase III 11 (6.8) 20 (8.6)
Other SSc related autoantibodies® 26 (16.0) 49 (21.1)
No autoantibodies 44 (27.2) 40 (17.2)
Organ involvement
Raynaud’s phenonemon, n ( %) 145 (89.5) 213 (91.8) 0.43
Gastrointestinal involvement, n ( %) 111 (68.5) 154 (66.4) 0.66
Interstitial lung disease, n ( %) 86 (53.1) 107 (46.1) 0.17
Digital ischemic ulcers, n ( %) 49 (30.2) 44 (19.0) 0.01
Arthritis, n ( %) 31 (19.1) 51 (22.0) 0.49
Pulmonary arterial hypertension, n ( 13 (8.0) 9 (3.9 0.08
%)
Previous renal SSc crisis, n ( %) 5 3.1) 6 (2.6) 0.77
Myositits, n ( %) 22 (13.6) 20 (8.6) 0.12
Myocarditis 5 3.1 4 1.7) 0.37
Current medical treatment
Prednisolone, n ( %) 32 (20.6) 39 (16.8) 0.34

Immunosuppresive medicine, n ( %) 45 (27.8) 56 (24.1) 0.42

Abbreviations: Arteriosclerotic CVD, Arteriosclerotic cardiovascular disease;
IQR, interquartile range.

1390 valid responses.

2 283 valid responses.

3 Including Anti-U3RNP, Anti Th/To, Anti-U1-RNP, Anti-PM-Scl and Anti-KU.

Consistent with the findings of Rossdale et al., who reported a 58 %
prevalence of CAC by routine CT chest scans in patients with SSc [23],
we also found a high prevalence of CAC in our cohort. Rossdale et al.
noted a particularly high risk in patients with pulmonary arterial hy-
pertension, while we observed high CAC scores particularly associated
with digital ulcers and longer disease duration. Similarly, the findings
from the deep-learning-based approach mentioned above further sup-
ported an association between CAC prevalence and markers of severe
microvascular disease, including fingertip ischemic ulcers, digital
pitting scars, and pulmonary arterial hypertension [39]. Conversely, a
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Table 4
Determinants of coronary artery calcium burden represented by an Agatston
CAC score of >100 on HRCT in systemic sclerosis.

Crude Adjusted*
OR (95 % P- OR (95 % P-
(@] value (@] value
Disease duration in 1.03 (1.01; 0.02 1.05 (1.01; 0.01
years 1.06) 1.09)
Anti-centromere 1.02 (0.67; 0.96 1.04 (0.65; 0.88
antibodies 1.54) 1.66)
Anti SCL 70 antibodies ~ 0.68  (0.36; 0.23 0.79  (0.39; 0.50
1.29) 1.58)
Anti RNA polymerase 0.77 (0.36; 0.49 0.47 (0.33; 0.47
III antibodies 1.66) 1.69)
Limited skin 1.02 (0.68; 0.93 1.02 (0.65; 0.93
involvement 1.54) 1.62)
Diffuse skin 1.25 (0.83; 0.31 1.15 (0.72; 0.57
involvement 1.89) 1.86)
Raynauds 0.76 (0.39; 0.45 1.01 (0.46; 0.98
phenomenon 1.51) 2.23)
Digital ulcers 1.85 (1.16; 0.01 225  (1.31 0.01
2.96) 3.86)
Pulmonary arteriel 2.16 (0.90; 0.09 1.54 (0.59; 0.38
hypertension 5.19) 4.10)
Renal crisis 1.20 (0.36; 0.78 0.90 (0.24; 0.87
4.00) 3.35)
Interstitial lung 1.32  (0.88; 0.16 1.30  (0.83; 0.26
disease 1.98) 2.04)
Gastrointestinal 1.10 (0.72; 0.63 1.10 (0.67; 0.71
involvement 1.69) 1.78)
Myositis 1.67  (0.88; 0.12 1.50  (0.73; 0.27
3.17) 3.07)
Myocarditis 1.82  (0.48: 0.38 0.65  (0.15; 0.58
6.87) 2.92)
Arthritis 0.84 (0.51; 0.57 0.95 (0.54; 0.86
1.38) 1.66)

" Adjusted for traditional cardiovascular risk factors (age, gender, diabetes,
hypertension, dyslipidemia, BMI, smoking, and existing arteriosclerotic car-
diovascular disease.)

Table 5
Agreement between the Agatston CAC score and the visual assessment of CAC on
HRCT scan.

Visual score

Agatston CAC None Mild Moderate  Heavy Total, n (
category %)
None (<1) 114 2 0 0 116 (29)
Mild (1-99) 1 110 5 0 116 (29)
Moderate (100-999) 0 5 99 7 111 (28)
Heavy (>1000) 0 1 9 41 51 (13)
Total, n ( %) 115 118 113(29) 48 395

(29) (30) 12)

small observational study including 67 patients identified an association
between only digital ulcers and CAC in univariate regression analysis
[44]. However, this association did not persist in multivariate analysis,
where adjustments were made for e.g. traditional risk factors and carotid
plaques — suggesting that CAD might be primarily influenced by com-
mon atherogenic mechanisms rather than SSc-specific factors. While we
did not have data on the presence of carotid plaques, this method is
currently not recommended for cardiovascular risk assessment due to
the absence of added value in predicting CVD events [45]. Together,
these findings suggest that certain SSc phenotypes may predispose pa-
tients to a higher burden of CAC. This insight could be valuable for
tailoring cardiovascular monitoring and interventions based on indi-
vidual SSc characteristics.

Understanding the mechanisms behind accelerated subclinical arte-
riosclerosis in SSc is crucial for developing targeted interventions to
manage and mitigate cardiovascular risks in the individual patient with
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SSc. The risk is presumably caused by a complex interplay between
traditional risk factors and disease-specific mechanics, including endo-
thelial damage and dysfunction, thrombogenesis, and chronic inflam-
mation. Emerging evidence indicates an association between proximal
large vessel vasculopathy and the presence of peripheral vasculopathy of
micro- and medium-sized vessels in SSc. Color Doppler ultrasonography
studies have linked ulnar artery occlusion and ischemic digital ulcers
[46,47], while nailfold capillaroscopy studies have shown correlation
between microvascular abnormalities and macrovascular indices, such
as arterial stiffness [48] and aorta root dilation [49]. A large Italian
multicenter study involving 613 patients with SSc found that ischemic
digital ulcers were independently associated with both CVD and sub-
clinical arteriosclerosis of the carotid arteries and the limbs, as assessed
by Color Doppler ultrasonography [50]. Recently, elevated plasma
desphospho-uncarboxylated matrix Gla-protein (dp-ucMGP) levels were
reported in SSc patients compared to controls [51], correlating with
increased CVD risk in both SSc patients and the general population [51,
52]. Dp-ucMGP, the inactive form of matrix Gla-protein (a vitamin
K-dependent inhibitor of vascular calcification), is synthesized by
endothelial and vascular smooth muscle cells, linking it to vascular
dysfunction and increased calcifications. These findings suggest a
connection between microvascular and macrovascular dysfunction in
SSc, contributing to the elevated risk of cardiovascular disease among
these patients.

Atherosclerosis may be driven by autoimmune processes, involving
both humoral factors and immune cells. However, the role of specific SSc
autoantibodies in subclinical atherosclerosis remains unclear as con-
flicting results have been reported in the literature [2,23,40-44,50,53].
Two previous studies have suggested an association between
anti-centromere antibodies (ACA) and ischemic arterial events as well as
large vessel disease [2,53]. However, in our cohort, although most pa-
tients were ACA-positive, we found no association between autoanti-
body status and CAC severity. This discrepancy may reflect differences
in study populations or sample sizes and warrants further investigation.

This study is not without limitations. Firstly, the retrospective design
and reliance on electronic health records introduce the risk of incom-
plete or inconsistent documentation, potentially leading to biases in the
analysis. Specifically, key cardiovascular risk factors such as hyperten-
sion, dyslipidemia, arteriosclerotic CVD, and diabetes may not have
been completely registered in the electronic health records, potentially
causing residual biases in the regression analysis. Moreover, the absence
of systematic examinations for calcinosis and nailfold capillaroscopy, as
well as evaluation of SSc heart involvement (fibrosis and arrhythmia), in
all registered outpatients limits the ability to explore the associations
between these characteristics and the extent of calcium burden in the
coronary arteries. Secondly, we collected routinely performed HRCT
chest scans performed after different SSc disease durations. Still, the
median disease duration at the time of the HRCT chest scan was only 0.1
years (IQR: 0.0 years; 4.8 years) suggesting that most scans were base-
line scans performed at time of diagnosis. Thirdly, we did not adjust for
disease severity, including immunosuppressive medication and pred-
nisolone use, as most HRCT chest scans served as baseline assessments.
Since these scan results informed treatment decisions, this may have
resulted in an underestimation of disease severity at the index date.
Fourthly, patients with SSc were scanned using HRCT chest scans, while
individuals in DANCAVAS and DanRisk were scanned using ECG-gated
cardiac CT scans. To overcome these differences, we calibrated the
CAC score from the HRCT chest scans to facilitate comparison with
Agatston CAC derived from ECG-gated cardiac CT scans. However, this
calibration was based on a small dataset [28], leading to substantial
variation in CAC scores, making it difficult to account for this variability.
Nevertheless, our aim was not to demonstrate interchangeability be-
tween the methods but rather to provide a comparative analysis with
ECG-gated cardiac CT in this study. Lastly, our study population con-
sisted primarily of SSc patients with a relatively short disease duration
and high SSc-specific disease burden (Supplementary Table 1). Hence,
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B. CAC score by age in males
Percentiles in background population and observed
score in SSc patients
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Fig. 2. Calibrated CAC scores in SSc patients and age- and gender specific CAC score in background population. Upper panel: Plot of calibrated CAC score for each
SSc patient by gender and age-specific CAC score percentiles in the background population. The colored dashed lines show the gender- and age-specific 50, 75" and
90" CAC score percentiles in background population. The solid black line represents the CAC score=100 Figure A: Female patients (n=291), Figure B: male patients
(n=104). Lower panel: Proportion CAC score>100 in the background population and observed proportion of SSc patients with CAC score >100 by HRCT scan. C:
female patients (n=291), figure D: male patients (n=104). Vertical black lines represent the 95 % confidence intervals for the SSc patients.

our results may not be generalizable to the entire spectrum of SSc
patients.

Despite these limitations, the strengths of our study lies in the large
cohort of SSc patients, as well as the significant number of available
HRCT chest scans for analysis. These strengths enhance the precision of
the calculations and increase the generalizability of the findings.
Furthermore, we were able to compare our findings with a large refer-
ence population.

Clinical implications

While medium- and small-vessel changes are characteristic of the
vasculopathy in SSc, the presence of macrovascular atherosclerotic
disease can substantially worsen the prognosis of patients [54]. The
detection of CAC on routine chest CT scans is associated with more than
a twofold increase in mortality risk for SSc patients [23]. Although
non-gated CT scans differ in technical parameters and are more prone to
artifacts compared to ECG-gated scans CT scans, emerging evidence

suggests that the presence of CAC on these scans holds independent
prognostic value in SSc [23,28]. Opportunistic screening for subclinical
CAC using routinely performed HRCT chest scans, when integrated with
conventional risk stratification tools, might refine CAD risk assessment
and guide diagnostic and preventive strategies. While it should not
replace ECG-gated CT scans, this approach could enhance CAD risk
assessment and may offer clinical utility in managing patients with SSc.

Conclusion

Routinely performed HRCT chest scans can provide information on
the presence of calcified plaques in patients with SSc, enabling the
identification of individuals at increased risk for coronary artery disease
and guiding further preventive diagnostic and treatment strategies.
Additionally, digital ulcers appear to be a novel risk factor for the
presence of coronary artery calcification.
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