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Abstract

Objective: To characterize cardiovascular (CV) risk factors and outcomes among incident cases
of systemic sclerosis (SSc) in a population-based cohort.

Methods: Medical records of patients diagnosed with SSc in Olmsted County, MN, between
January 1, 1980 and December 31, 2016 were reviewed to identify 78 incident SSc cases. The
comparators were 156 sex- and age-matched individuals from the same population. Data on SSc
characteristics, traditional CV risk factors, and CV events were collected. Cumulative incidence
was adjusted for the competing risk of death.

Results: During a median follow up of 9.8 (SSc) and 9.2 years (non-SSc), 21 SSc and 17
non-SSc patients developed CV events, corresponding to 10-year cumulative incidence of 22.4%
(SSc) and 12.1% (non-SSc). The risk of incident CV disease was increased by 3 fold (HR:2.97;
95% ClI:1.56-5.66) in SSc patients vs. comparators, predominately due to coronary artery disease
(HR:2.35; 95% Cl:1.17-4.71). The mean body mass index and prevalence of diabetes mellitus
were lower in SSc vs. non-SSc. There was no significant difference in smoking, hypertension

or hyperlipidemia. Observed CV events were increased compared to CV events predicted by the
Framingham Risk Score (FRS) and American College of Cardiology/American Heart Association
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(ACC/AHA) scores with standardized incident ratios of 4.16 (95% CI: 2.16-7.99) and 5.69 (95%
Cl:2.71-11.94), respectively.

Conclusion: Patients with SSc are at a three-fold increased risk of experiencing a CV event
compared to persons without SSc. FRS and ACC/AHA scores dramatically underestimate CV risk
in SSc.

Keywords

systemic sclerosis; scleroderma; cardiovascular risk; cardiovascular events; cardiovascular risk
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Introduction

Systemic Sclerosis (SSc) is a complex systemic chronic inflammatory autoimmune disease
characterized by vasculopathy, widespread fibrosis of the skin and visceral organs, and
evidence of immune system activation.[1, 2] Involvement of the microvasculature, clinically
mirrored by Raynaud’s phenomenon is one of the earliest features of SSc. Pathological
changes include endothelial disruption, mononuclear cell infiltration of the vessel wall, frank
obliterative lesions, and progressive loss of capillaries. These microvascular abnormalities,
along with chronic inflammation, circulating autoantibodies and pro-inflammatory cytokines
also contribute to the pathogenesis of pulmonary arterial hypertension (PAH), scleroderma
renal crisis, and digital ulceration in SSc.

The heart is one of the major organs affected in SSc,[3]'[4] although its presence is
probably underestimated due to the occult nature and variable reports of prevalence based
on the definition employed. Clinically evident cardiac involvement is associated with

a poor prognosis, with up to 70% mortality reported at 5 years.[3, 4] Approximately

25% of SSc-related fatalities are attributable to cardiac causes.[5]'[6] Cardiac involvement
typically manifests as myocardial fibrosis[7] and myocarditis.[8] These patients can

often have concurrent pericarditis, significant valvular abnormalities and/or life-threatening
arrhythmias. The time-course, dynamics and extent of each of these pathologies, however,
are poorly understood. In the absence of screening or treatment guidelines, management of
SSc—cardiomyopathy is varied and often in response to a clinical event when prognosis is
particularly poor.

Cardiovascular disease (CVD), including coronary artery disease (CAD), cerebrovascular
events (stroke and transient ischemic attack) and peripheral vascular disease (PVD),

is a leading cause of morbidity and mortality worldwide and responsible for 17% of

the US healthcare expenditure.[9] Traditional risk factors for CVD include age, sex,
hypertension, diabetes mellitus, hyperlipidemia and smoking.[10] Chronic inflammation is
also a risk factor for CVD. Indeed, patients with chronic inflammatory diseases, such as
rheumatoid arthritis (RA),[11] systemic lupus erythematosus (SLE), ankylosing spondylitis,
[12] sarcoidosis,[13] and idiopathic inflammatory myopathies (I1M), [14] experience a
higher incidence of premature atherosclerosis.
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Cardiovascular (CV) risk scores including the American College of Cardiology (ACC) /
American Heart Association (AHA) and Framingham risk scores (FRS) often underestimate
CV risk in patients with RA, SLE and sarcoidosis.[15-18] It remains unclear how these
scores perform in estimation of CV risk in patients with SSc. The goal of our study

was to establish the prevalence of traditional CV risk factors among a population-based
cohort of patients with SSc, estimate their CV risk through traditional scoring systems and
compare these to observed incidence of atherosclerotic CV events during follow up. We also
compared the risk factors and CV events to comparators with similar age and sex from the
same geographic area.

The resources of the Rochester Epidemiology Project (REP) were used to identify potential
cases of SSc, using diagnosis codes related to SSc, allowing identification of essentially all
clinically recognized cases of SSc in Olmsted County, Minnesota, USA from Jan 1, 1980

to Dec 31, 2016. The REP is well suited to investigate the epidemiology of CVD in SSc
because comprehensive medical records for all residents in Olmsted County, MN, seeking
medical care are available through a medical record linkage system.[19, 20] The study was
approved by the institutional review boards of the Mayo Clinic and Olmsted Medical Center.
Olmsted County residents with incident SSc in 1980-2010 were previously identified.[21]
To extend this cohort, medical records of patients with a diagnosis or suspicion of SSc

in 2011-2016 were reviewed to identify additional incident cases of physician diagnosed
SSc. Fulfillment of the 1980 and 2013 American College of Rheumatology (ACR)/European
League against Rheumatism (EULAR) Classification criteria for SSc was ascertained. [22]

The index date for cases was defined as the first date of physician diagnosis of SSc.
Prevalent cases with SSc prior to residency in Olmsted County were not included in the
incidence cohort. For each patient with SSc, two comparators without SSc of the same
age (1 year) and sex were randomly selected from all Olmsted County residents in

the index year. Each non-SSc subject was assigned an index date corresponding to the
SSc diagnosis date of the matched case. The medical records of cases and comparators
were manually reviewed to abstract data on traditional CV risk factors collected at index
date (closest to index date within 12 months prior to 3 months after index date): age
(years), sex, systolic and diastolic blood pressure (mmHg), antihypertensive treatment,
anti-lipemic treatment cigarette smoking status and diabetes mellitus. Body mass index
(BMI) was calculated and obesity was defined as BMI =30 kg/m?2. Laboratory test results,
including SSc-specific antibodies, total cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL) and triglycerides were collected. Family history of premature
CV events was collected based on physician-documented or patient-provided data in the
medical record. Physician diagnosed incident CV events (i.e., myocardial infarction (M),
angina, cardiovascular death, congestive heart failure (CHF), peripheral vascular disease
(PVD) including peripheral arterial disease (PAD) and abdominal aortic aneurysm (AAA))
and cerebrovascular accidents (CVA) (including transient ischemic attack (TIA), ischemic
and hemorrhagic stroke) before and after index date was abstracted.
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The 10 year general FRS for cardiovascular disease was calculated and the office-based
10 year FRS, which does not include laboratory values, was used when lipid values were
unavailable.[23]

The ACC/AHA atherosclerotic CVD (ASCVD) pooled risk score was also calculated using
the ACC/AHA risk calculator.[24] Follow-up was continued until death, migration from
Olmsted County or June 30, 2017.

Statistical analysis

Results

Descriptive statistics (percentages, mean, etc.) were used to summarize patient
characteristics for each cohort. Baseline comparisons between cohorts were performed using
Chi-square and rank sum tests. The prevalence of prior CVD overall and by type was
compared between cohorts using Fisher’s exact tests. Excluding subjects with prior CVD,
the cumulative incidence adjusted for the competing risk of death was estimated for CVD
overall and by type.[25] For overall CVD, the first date of occurrence of the any of the
individual CVD events was used. Cause-specific Cox proportional hazards models were
used to compare the development of CVD during follow-up between the SSc and the non-
SSc. These were also used to evaluate the association of age and sex on the development of
CVD events among patients with SSc.

The FRS and ACC/AHA risk scores were converted to the predicted number of CVD

events and the predicted number of events was adjusted proportionately for patients with
<10 years of follow-up to ensure comparability between the observed and expected events.
In addition, the observed CVD events were defined in accordance with the methods used

in the development of each risk score. The ratio of the observed to predicted number of
CVD events is referred to as the standardized incidence ratio (SIR). For each SIR, 95%
confidence intervals (Cl) were calculated by assuming that the observed rates followed a
Poisson distribution and the expected rates were fixed and. An SIR of >1 indicated the
predicted risk underestimated the observed risk and an SIR of <1 indicated that the predicted
risk overestimated the observed risk. Some of these methods have been described previously.
[26] For all comparisons, a p-value of less than 0.05 was considered statistically significant.
Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R
3.4.2 (R Foundation for Statistical Computing, Vienna, Austria).

Characteristics of the 78 incident SSc cases and 156 age and sex-matched non-SSc
comparators at SSc diagnosis/index date are displayed in table 1. The mean (+ SD) age

in both cohorts was 56 + 16 years at diagnosis or index date, respectively. In both cohorts,
90% were women, 87% SSc and 93% non-SSc patients were Caucasian. Mean (+ SD) BMI
was significantly lower in SSc (26.5 + 5.9 kg/m?) patients than non-SSc comparators (29.4
+ 7.6 kg/m?; P=.004). Diabetes mellitus was also less common in SSc than non-SSc (3% vs.
12%, P=.015). There were no differences between the groups in the presence of other CV
risk factors such as smoking, hypertension or hyperlipidemia at index date.
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Before SSc diagnosis or index date, there was no difference in the prevalence of any CV
events (15 SSc vs. 22 non-SSc; P=.17; table 2). The cohorts were followed up for a median
of 9.8 and 9.2 years in the SSc and non-SSc cohort, respectively, corresponding to 874

and 1,778 person-years of observation. During this time-period, 21 SSc and 17 non-SSc
patients developed CV events, corresponding to 10-year cumulative incidence of 22.4%
among SSc and 12.1% among non-SSc (figure 1). This represented a three-fold increased
risk (hazard ratio [HR]: 2.97; 95% confidence interval [CI]: 1.56-5.66) in SSc vs non-SSc
patients (table 3). This increased risk was predominately due to coronary artery disease
(CAD) including MI and angina (HR: 2.35; 95% ClI: 1.17-4.71). PVD risk, including PAD
or AAA, also appeared to be increased in SSc compared to non-SSc (HR: 3.88; 95% Cl:
0.91-16.55). Congestive heart failure (CHF) was diagnosed in 8 SSc-cases and in only

2 comparators prior to diagnosis/ index date (P=.003). After SSc diagnosis or index date
heart failure was diagnosed in 10 SSc cases and in12 non-SSc comparators respectively.
Leading to a cumulative incident after diagnosis of 12.8 events in SSc per 10 years and

7.2 in comparators respectively (HR: 2.10; 95% CI: 0.90-4.89). Only 5 SSc-cases and 3
comparators developed PVD during the follow-up period. The possible increased risk of
cerebrovascular events also did not reach statistical significance due to the small number of
events (HR: 1.66; 95% CI: 0.65-4.25).

After adjusting for traditional cv risk factors, such as smoking status, hypertension,

diabetes mellitus and dyslipidemia, cardiovascular events following SSc diagnosis remained
significant with a 3-fold increased risk (HR: 2.66; 95% CI: 1.39- 5.11). Risk for CAD,
including MI and angina increased slightly after CV risk adjustment (HR: 2.60; 95% ClI
1.25-5.41). Risk for CHF after adjusting for CV risk factors reached significance with

an about 3 fold increased risk in SSc compared to Non-SSc (HR: 3.60; 95% CI; 1.34—

9.71). Other outcomes such as cerebrovascular events (Stroke and TIA) and PVD remained
unchanged and did not reach statistical significance (HR: 1.92; 95% CI: 0.69- 5.32, and HR:
3.72; 95% CI1 0.81- 17.11), respectively.

To apply the FRS in our cohort of 78 SSc patients, we excluded cases out of the FRS

age limits (30-74 years) leaving us with 57 patients. Seven patients with prior CVD

(M1, cardiovascular death, angina, stroke, intermittent claudication or heart failure) were
excluded. Therefore, data was available in 44 of 50 cases. The mean FRS for SSc cases was
7.1% (SD: 5.2%). Among SSc cases 2.2 CV events were predicted and 9 CV events were
observed, resulting in an SIR of 4.16 (95% ClI: 2.16-7.99). The ACC/AHA risk score was
designed for subjects age 40 to 79 years, so only subjects in this age range were included.
Two patients with prior M1 or stroke were excluded. Because of missing data on lipids, the
ACC/AHA risk score was calculated in 22 out of the remaining 42 SSc cases. The mean
ACC/AHA risk score was 8.9% (SD 7.8%). The predicted number of CV events was 1.2 in
this SSc cohort; 7 CV events were actually observed, corresponding to an SIR of 5.69 (95%
Cl: 2.71-11.94; table 4).

In this study, 90% were women, similar to the general sex prevalence of SSc. Due to the
small numbers of men; sex-specific analyses were not warranted.
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Discussion

In the current population-based cohort study, incident CV events among SSc patients were
three-fold higher compared to non-SSc comparators, with the risk of MI being greater than
the risk for AAA or PVD. Despite adjustment for traditional risk factors, these associations
persisted. Patients with SSc are expected to have an elevated atherosclerotic burden and
potentially higher risk for associated cardiac events by virtue of the inflammatory nature of
the disease, the associated vasculopathy and the significant endothelial and microvascular
dysfunction that characterizes SSc. To date, only limited data are available to evaluate the
atherosclerotic risk related to SSc.

While microcirculatory dysfunction is key in SSc, macrovascular pathology was not
originally considered a feature of this disease. Several recent studies have revealed an
increased prevalence of large-vessel disease of the extremities in patients with SSc.[27, 28]
In a systematic review and meta-analysis of observational studies, Ungprasert et al reported
a pooled risk ratio of 1.82 (95 % CI: 1.40-2.36) for CAD in patients with SSc compared

to non-SSc comparators, although only 4 studies could be included for analysis.[29] Large
population-based cohort studies of the incidence and prevalence of CV events in SSc relative
to the general population are lacking. Our study findings are in general agreement with
other population-based studies about CV risk in SSc. A population-based cohort study
using a UK primary care database of 865 SSc individuals found a 2-fold increased CAD
risk compared to non-SSc comparators.[30] A cross-sectional study from the Australian
Scleroderma Cohort Study comparing 850 SSc patients to non-SSc comparators showed a
three times higher prevalence of coronary heart disease,[31] although this study relied on
self-reported CAD.

In the past decades, mortality related to direct organ involvement in chronic autoimmune
disease declined due to improvement in medical therapy. Therefore, patients with chronic
inflammatory rheumatic diseases (CID) have longer survival but experience more CV related
disease.[29] The burden of CVD in CID is well understood, but mostly studied in RA and
SLE,[32, 33] where studies in RA and SLE report a 1.5 to 5-fold increased risk of incident
CVD compared to a non-CID population.[14, 34]

Using a population-based cohort with expansive medical record review, our study shows an
increased incidence of CVD occurrence among patients with SSc. CV involvement in SSc
remains under explored, but can affect a wide variety of cardiac structures, such as coronary
arteries, pericardium, myocardium, valves and conduction system. Chronic inflammation
is known to contribute to accelerated atherogenesis by activating inflammatory cytokines,
oxidative stress, and leucocytes, and causing vascular injury and endothelial dysfunction,
as well as increase intravascular coagulation.[35, 36] Similar to other autoimmune
diseases, like SLE and RA, chronic inflammation is probably a key driver for accelerated
atherosclerotic cardiovascular disease (ASCVD) in SSc patients. Nevertheless, SSc is not a
classic inflammatory condition and response to treatment is not tracked by inflammatory
markers as in majority of the other inflammatory rheumatic conditions. Additionally,
microvascular disease and endothelial dysfunction are central pathomechanisms in SSc,
but up until now not definitively a proven cause or driver for ischemic heart disease. In
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our cohort, patients with incident SSc have a significantly lower BMI and prevalence of
DM than non-SSc comparators. Differences in BMI might be driven by gastrointestinal (GI)
involvement in SSc patients, as has been reported previously.[37, 38] Nevertheless, specific
investigations regarding Gl symptoms were not evaluated in this setting.

FRS and ACC/AHA risk scores have been developed to guide the clinician in appropriate
risk factor modification to reduce an individual’s likelihood of an atherosclerotic event. The
more current ASCVD risk algorithm is primarily utilized to determine the benefit of statin
medications to reduce CVD risk in the general population. The present study is the first
population-based study to assess the performance of the ACC/AHA and FRS risk scores

in patients with SSc. Both risk scores underestimated the risk of CVD events by 4 to

5-fold. These findings suggest that the poor performance of these risk scores extends beyond
RA and SLE to other chronic inflammatory disorders. Chronic inflammation, which is not
accounted for by either risk score, could explain the underestimation of CVD risk in these
patient groups.

While C-reactive protein (CRP) is considered a surrogate marker for inflammation, it is
often normal in patients with SSc and hence not a reliable indicator of disease activity in
this condition. Moreover, its addition to these risk scores has also not demonstrated any
significant improvement in their performance for predicting CVD in the general population.
[39] It thus seems doubtful that CRP would add any value to the risk calculators for CVD
risk prediction in SSc in SSc.[40]

Immunosuppressive medications such as glucocorticoids that are often used in SSc patients
and may also affect CVD risk. These medications are also not accounted for in the risk
scores built for use in the general population.

In comparison to other CID, such as RA or SLE, our results show a high and comparable
risk of incident CVD.

The major strengths of our study include the use of a population-based cohort, followed
over decades, using a comprehensive record-linkage system that allows capturing every
clinically relevant case of SSc in the community ranging from mild to severe, reflecting

the real spectrum of the disease, unlike referral cohorts. This approach reduces referral

bias and allows including a wide spectrum of the disease. By manually reviewing every
medical record, we were able to confirm diagnosis and minimize the eventuality of disease
misdiagnosis, which is a major concern in studies which are based on administrative claims
data. The relatively long follow up in our cohort is important, as it may take several years to
develop a CV event after diagnosis/index date.

The limitations of our study are its retrospective study design and limited numbers of
participants. Clinical information was not prospectively collected. The analysis did not
account for several potential CV confounders such as nonsteroidal anti-inflammatory drugs
(NSAID), glucocorticoids, disease-modifying antirheumatic drugs (DMARDS), depression,
and access to healthcare or socioeconomic status. Surveillance bias might play a major role
in SSc, because these patients are usually closely monitored for pulmonary hypertension,
and therefore undergo more frequent medical examinations and laboratory testing. This

Mayo Clin Proc. Author manuscript; available in PMC 2022 December 04.
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study was conducted in Olmsted County, Minnesota, USA where the population is primarily
of Northern European heritage, with a high level of health-care employees and highly
educated people, which can affect the use of health system and detection of SSc. The
generalizability of this study to other ethnic cohorts might vary.[41] An additional factor
which might hinder the correct CVD prediction in SSc is the high female predominance

in CID in general. Sex differences in CV risk factors and CV outcome, independent

of underlying CID, have been thoroughly studied in population-based cohorts.[42] [43]
However, the impact of differences based on sex on traditional CV risk factors in SSc
patients is unknown. The small sample size in our cohort limited statistical power for some
comparisons, but the effect sizes were large enough to reach statistical significance for most
of the results. Nevertheless, the major difference between predicted and observed CVD are
highly important findings that need to be addressed with further studies in larger population
based cohorts with longer follow up.

Conclusion

The increased rate of CV events in SSc patients despite the absence of traditional CV
risk factors warrants a higher vigilance for CVD in patients with SSc. It may potentially
be related to the increased risk of endothelial dysfunction, microvascular injury and
chronic inflammation characteristic of the disease, but warrants further detailed study into
the pathogenic mechanisms. SSc patients should be counseled and educated about this
higher risk. We suggest close follow up for optimal control of disease activity, and early
identification and treatment of modifiable risk factors. Screening for subclinical cardiac
involvement may help provide an opportunity for early intervention, which is key for
optimal outcomes. Further, prospective studies on larger SSc cohorts are needed to better
understand CV risk and cardiovascular involvement in SSc patients better, although the
best screening modality and frequency are however, yet unclear and also warrant further
investigation.
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Figure 1.

Cumulative incidence of cardiovascular disease after systemic sclerosis diagnosis/index
date among patients with SSc (solid line) and non-SSc comparators (dashed line). CVD:
Cardiovascular disease; SSc: Systemic sclerosis.
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Clinical characteristics of 78 incident systemic sclerosis (SSc) cohort patients and 156 non-SSc comparators in
Olmsted County (1980- 2016) at Baseline

Characteristic SSc (N=78) | Non-SSc (N=156) | p value
Age at diagnosis/index, years, mean (SD) 56.1 (15.7) 56.0 (15.6) 97
Female Sex 71 (91%) 142 (91%) .99
Caucasian 68 (88%) 147 (95%) 24
Length of follow-up, years, mean (SD) 11.2 (8.7) 11.4(7.6) -
Body mass index, kg/m2, mean (SD) 26.5(5.9) 29.4 (7.6) .004
Obesity (BMI=30 kg/m?) 15 (21%) 61 (39%) .008
Smoking Status .54

Never smoked 41 (53%) 84 (55%)

Former smoker 24 (31%) 38 (25%)

Current smoker 12 (16%) 30 (20%)
Prior diabetes mellitus 2 (3%) 19 (12%) .015
Prior hypertension 30 (38%) 57 (37%) 77
Anti-hypertensive use 24 (31%) 52 (33%) .69
Prior Dyslipidemia 27 (35%) 55 (35%) .92
Antilipemic use 22 (28%) 34 (22%) .28
Aspirin use 13 (17%) 38 (24%) .18
Fulfill 2013 ACR Criteria 63 (81%) --
Skin involvement

Limited cutaneous 63 (81%) -

Diffuse cutaneous 11 (14%) -

Sine scleroderma 2 (3%) -
Telangiectasias 39 (50%) -
Calcinosis 18/75 (24%) -
Interstitial Lung Disease 7 (9%) -
Pulmonary Arterial Hypertension 8 (10%) -
Inflammatory arthritis 36/74 (49%) -
Myositis 11/75 (15%) -
Scleroderma Renal Crisis 6/73 (8%) -
Gastrointestinal involvement

GERD 58/76 (76%) -

Gl dysmotility 38/75 (51%) -

Chronic Intestinal Pseudo-obstruction 6/75 (8%) -

Gastric Antral Vascular Ectasia 5/74 (7%) -
Positive Anti-Nuclear Antibodies (ANA) | 70/75 (93%) -
SSc specific Antibodies 38/75 (51%) -

Scl-70+ 7/35 (20%) -
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Characteristic SSc (N=78) | Non-SSc (N=156) | p value
Centromere + 29/35 (83%) -
RNA Pol I11+ 2/35 (6%) --
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Table 2.

Cardiovascular disease at baseline, preexistent to SSc diagnosis/index date

| SSc (n=78) | Non-SSc (n=156) | p-value

Any CVD (CAD, CHF, CVE, PVD) | 15 (19%) | 23 (15%) | 45
CAD 11 (14%) | 17 (11%) 52

Myocardial Infarction 2 (3%) 3 (2%) .99

Angina 3 (4%) 11 (7%) 40
CHF | 8a0%) | 2a%) | 003
CVE (Stroke o TIA) | 1(1%) | 6 (4%) | 43
PVD (PAD or AAA) | 0 (0%) | 5 (3%) | 17

AAA: Abdominal aortic aneurysm; CAD: Coronary artery disease; CHF: Congestive heart failure; CI: Confidence Interval; CVD: Cardiovascular
disease; CVE: Cerebrovascular event (Stroke or TIA); PAD: Peripheral artery disease; PVD: Peripheral vascular disease; SSc: Systemic Sclerosis;
TIA: Transient ischemic attack.
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Table 4.

Comparison of observed and predicted 10 year cardiovascular risk using ACC/AHA ASCVD pooled equation
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and Framingham Risk Score

N | Observed CV events | Predicted CV events | Standardized incidence ratio | p-value
AHAJACC ASCVD Risk Score | 22 7 1.2 5.69 (2.71, 11.94) <.001
Framingham Risk Score 44 9 22 4.16 (2.16, 7.99) <.001

ACC: American College of Cardiology; AHA: American Heart Association; ASCVD: Atherosclerotic Cardiovascular Disease
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