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Abstract
Aim: The aim of this study is to describe the clinical characteristics of patients with a diagnosis of systemic sclerosis who later suffer a stroke and to
identify associations for this relationship. Background: Prior studies have
showed an increased risk of cardiovascular disease among patients with
chronic inflammatory disorders, with chronic inflammation leading to atherosclerosis believed to be the culprit. Systemic sclerosis (SSc) is a chronic inflammatory disease characterized by diffuse fibrosis of the skin and internal
organs. Previous studies have suggested a possible link between systemic
sclerosis and macrovascular complications such as stroke. Methods: This is a
retrospective chart review of patients treated within the University of Pennsylvania Health System from October 2015 to April 2019 with a diagnosis of
SSc. Using ICD10 codes, we identified a cohort of SSc patients who suffered a
stroke. Information regarding demographics and stroke risk factors were gathered from the charts of patients with a diagnosis of both SSc plus stroke and
compared to a control group of randomly selected patients with SSc who
never suffered a stroke. Continuous variables were conveyed using a mean
plus a standard deviation. A two-sample t-test was used to compare the two
groups of patients. Qualitative variables were compared using a two-tailed
Fisher’s exact test. Results: Based on a large cohort of SSc patients (n = 2080)
followed between October 2015 and April 2019, we identified 36 SSc patients
who developed a subsequent stroke (1.7% of cohort). When looking at risk
factors for stroke in SSc patients, we identified hypertension and atrial fibrillation to be associated with the diagnosis of stroke in such patients. Specifically, 28 of the 36 patients with both SSc and stroke also had a diagnosis of
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hypertension while in the control group, only 17 of 36 patients had hypertension. Atrial fibrillation was seen in 9 of 36 patients with both SSc and CVA
while it was seen in only 2 of 36 patients in the control group. Conclusions:
This case control study demonstrated that the presence of hypertension and
atrial fibrillation had a statistically significant association with the diagnosis
of CVA in patients with SSc.

Keywords
Systemic Sclerosis, Scleroderma, Stroke, Cerebrovascular Accident, Atrial
Fibrillation, Hypertension

1. Background
Systemic sclerosis (SSc) is a chronic autoimmune rheumatic disorder characterized by both cellular and humoral immune dysregulation, excessive extracellular matrix and collagen deposition in the skin and internal organs, and microvasculature dysregulation. It has been shown that there is an increased risk for
cardiovascular disease among patients with other chronic autoimmune rheumatic disorders, with chronic inflammation leading to atherosclerosis believed
to be the culprit [1]. For example, elevated systemic inflammatory markers have
been reported to result in an increased risk for cardiovascular death in patients
with rheumatoid arthritis even when controlling for traditional cardiovascular
comorbidities and risk factors [2]. In addition, patients with psoriatic arthritis
have been shown to have increased severity, prevalence, and burden of coronary
atherosclerosis when imaged with coronary computed tomography angiography
[3].
From a pathophysiological standpoint, inflammation incites the development
of atherosclerotic plaques and also contributes to the degradation of their overlying fibrous caps, thus contributing to plaque rupture and subsequent coronary
artery infarction [4]. While the exact process remains uncertain, chronic inflammation may stimulate the expression of adhesion molecules (such as vascular adhesion molecule-1, intercellular adhesion molecule-1, and E-selectin),
cause endothelial dysfunction, induce smooth muscle cell survival, migration,
and proliferation in the arterial intima, and then consequently lead to atherosclerotic plaque formation. Proinflammatory cytokines may also influence the release of matrix metalloproteinases, thus disrupting the balance of elastin and
collagen while increasing plaque vulnerability through plaque remodeling and
degradation of the fibrous cap [5].
While microvasculature involvement of small arterioles and capillaries is more
commonly associated with SSc, the macrovascular complications of coronary
artery disease (CAD) and myocardial infarction have been thought to be linked
to SSc as well. In fact, coronary artery vasospastic events (“Raynaud’s phenomenon”) in patients with SSc have been suggested to result in myocardial ischeDOI: 10.4236/ojra.2020.102006
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mia, symptoms of angina, and reperfusion injuries; ultimately leading to myocardial fibrosis. Because normal-appearing coronary arteries are more commonly seen in SSc patients who suffer acute myocardial infarction than in the general
population, it has been hypothesized that the attraction of fibroblasts into coronary artery walls and their ultimate transition into myofibroblasts which produce increased amounts of extracellular matrix proteins results in increased intimal wall thickness and the aforementioned vasospastic instability. Such
changes in intimal wall thickness predispose to endothelial injury, thus allowing
exposed subendothelium to contribute to platelet aggregation and thrombus
formation [6] [7].
Cerebrovascular accidents (CVA), can be either ischemic or hemorrhagic and
are major causes of death and morbidity worldwide [8]. The most common
cause of hemorrhagic stroke is hypertensive small-vessel disease, which causes
small aneurysms that eventually rupture [9]. Approximately 80% of all CVAs are
ischemic, defined by some form of vessel occlusion [10]. Chronic inflammation
related to autoimmune rheumatic diseases is known to result in a hypercoagulable state given the fact that inflammatory cytokines have been shown to induce
the coagulation cascade, downregulate the anti-coagulation pathway, and inhibit fibrinolysis [11]. Vasculitis is a disease state defined by inflammatory infiltrates in the vessel wall leading to narrowing of the vessel lumina and a subsequent increased risk [12]. Similarly, systemic lupus erythematosus is a chronic
systemic inflammatory disease where individuals have twice the risk of developing ischemic stroke compared to the general population [13].
Few studies have examined the relationship between SSc and stroke. Two epidemiological studies saw an increased risk of ischemic stroke in patients with
SSc [14] [15] while a third evaluated the risk but did not find it statistically significant [16]. A more recent meta-analysis revealed a statistically significant increase of ischemic stroke risk in patients with SSc [17]. To further investigate
this relationship, we designed a retrospective case control study to define predictors for the development of a CVA in patients with SSc based on a case control model.

2. Methods
This is a retrospective chart review of patients treated within the University of
Pennsylvania Health System (UPHS) from October 2015 to April 2019 with a
diagnosis of SSc. We identified a cohort of SSc patients who suffered a CVA. All
patients were diagnosed with one of the ICD10 codes for SSc (M34, M34.0,
M34.1, M34.2, M34.8, M34.81, M34.9). The ICD10 code I63.9 was used to identify patients diagnosed with a CVA. The ICD10 coding system was launched at
UPHS in October 2015; ICD9 codes were not used in this study. Information
regarding demographics and CVA risk factors were gathered from the charts of
patients with a diagnosis of both SSc plus CVA and compared to a control group
of randomly selected patients with SSc who never suffered a CVA. The control
DOI: 10.4236/ojra.2020.102006
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group was selected by randomization which was performed using a computerized random-number generator of the patients selected who did not have a
CVA. Patient demographics that were recorded included sex, race, age at diagnosis of most recent CVA, and age at diagnosis of SSc. Variables collected included: presence of hypertension, dyslipidemia, prior transient ischemic attack
(TIA) or CVA, CAD, atrial fibrillation, diabetes, tobacco use, family history of
CVA, carotid disease, type of SSc, anti-nuclear antibodies (ANA), Scl-70 antibodies, anti-centromere antibodies (ACA), serum creatinine at time of most recent
CVA, hemoglobin at time of most recent CVA, and serum albumin at time of
most recent CVA.
Continuous variables were conveyed using a mean plus a standard deviation.
A two-sample t-test was used to compare the two groups of patients. Qualitative
variables were compared using a two-tailed Fisher’s exact test. A level of α = 0.05
was used to demarcate statistical significance.

3. Results
From 2080 SSc patients actively followed within the University of Pennsylvania
Health System from October 2015 to April 2019, 36 (1.7% of the actively followed SSc population) patients were diagnosed with a CVA following their diagnosis of SSc. Originally, 51 patients were identified as having been diagnosed
with one of the aforementioned ICD10 codes for SSc + the ICD10 code for CVA.
However, after reviewing the charts of these patients, a total of 15 were excluded
because they met one of the following criteria: 1) no clear diagnosis of CVA or
SSc after thorough chart review or 2) lack of information regarding CVA risk
factors after thorough chart review. One patient out of the 15 was excluded because she was diagnosed with a CVA as a newborn. Thirty-six SSc patients who
never suffered a CVA were then randomly selected as the control population
with the aid of a computerized random-number generator. Patients with a CVA
were diagnosed with SSc at a younger age (51.8 ± 15.7 years of age, n = 31)
compared to those who were not diagnosed with a CVA (52.6 ± 14.7 years of
age, n = 36) though this difference was not statistically significant (Table 1). Cerebrovascular accident diagnosis occurred at a mean age of 60.8 ± 13.6 (n = 35)
years of age. If a patient was diagnosed with more than one CVA, the age at diagnosis of their most recent CVA was used. Both groups consisted of substantially more females than males, although there was not a statistically significant
difference in the ratio of females to males between the groups.
Hypertension and atrial fibrillation were more commonly seen in patients
who suffered a CVA and these differences were statistically significant. Specifically, 28 of the 36 patients with SSc + CVA had hypertension while only 17 of
the 36 patients with SSc but no CVA had hypertension (p = 0.014). Similarly,
nine of the 36 patients with SSc + CVA had atrial fibrillation while only two of
the 36 patients with SSc but no CVA had atrial fibrillation (p = 0.046). Other
common comorbidities for a CVA such as hyperlipidemia, diabetes mellitus, toDOI: 10.4236/ojra.2020.102006
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bacco use, family history of CVA, and carotid artery disease were also more
commonly seen in patients who suffered a CVA though the differences for these
parameters between the two groups were not statistically significant. Coronary
artery disease was very close to reaching statistical significance though likely did
not due to our small sample size. In both groups, the limited form of systemic
sclerosis was more common, although there was not a statistically significant
difference in the ratio of diffuse SSc to limited SSc between the two groups. Of
the 35 SSc patients whose age was known at diagnosis of their CVA, nine of
them had a prior transient ischemic attack or CVA. At the time of CVA diagnosis, our SSC cohort had a mean serum creatinine of 1.23 ± 0.77 mg/dl (n = 26), a
mean hemoglobin of 12.0 ± 2.21 gm/dl (n = 26), and a mean serum albumin of
3.7 ± 0.53 gm/dl (n = 24).
Table 1. Comparison of SSc patients with a CVA to SSc patients without a CVA.
Parameter

SSc + CVA (n = 36)

SSc + no CVA (n = 36)

p value

Sex

6 M/30 F (n = 36)

3 M/33 F (n = 36)

0.48

Race

14 AA/20 C/2 H (n = 36)

6 AA/29 C/1 H (n = 36)

N/A

Age at CVA dx

60.8 ± 13.6 (n = 35)

N/A

N/A

Age at SSc dx

51.8 ± 15.7 (n = 31)

52.6 ± 14.7 (n = 36)

0.83

Hypertension

28 yes/8 no (n = 36)

17 yes/19 no (n = 36)

0.014

Hyperlipidemia

20 yes/16 no (n = 36)

16 yes/20 no (n = 36)

0.48

Prior TIA or CVA

9 yes/26 no (n = 35)

N/A

N/A

CAD

10 yes/26 no (n = 36)

3 yes/33 no (n = 36)

0.06

Atrial fibrillation

9 yes/27 no (n = 36)

2 yes/34 no (n = 36)

0.046

Diabetes mellitus

6 yes/30 no (n = 36)

3 yes/33 no (n = 36)

0.48

Tobacco use

18 yes/18 no (n = 36)

15 yes/21 no (n = 36)

0.64

Family hx of CVA

6 yes/29 no (n = 35)

4 yes/32 no (n = 36)

0.51

Carotid disease

13 yes/13 no (n = 36)

2 yes/1 no (n = 3)

1

Type of SSc

6 D/19 L (n = 25)

7 D/29 L (n = 36)

0.76

Anti-nuclear antibody

24 pos/1 neg (n = 25)

32 pos/3 neg (n = 35)

0.63

Scl-70 antibody

1 pos/16 neg (n = 17)

4 pos/26 neg (n = 30)

0.64

ACA

10 pos/14 neg (n = 24)

17 pos/16 neg (n = 33)

0.59

Cr at time of CVA

1.23 ± 0.77 mg/dl (n = 26)

N/A

N/A

Hb at time of CVA

12.0 ± 2.21 gm/dl (n = 26)

N/A

N/A

Alb at time of CVA

3.7 ± 0.53 gm/dl (n = 24)

N/A

N/A

SSc systemic sclerosis, CVA cerebrovascular accident, M male, F female, AA African American, C Caucasian, H Hispanic, N/A not applicable, dx diagnosis, TIA transient ischemic attack, CAD coronary artery
disease, hx history, D diffuse, L limited, pos positive, neg negative, ACA anti-centromere antibody, Cr creatinine, Hb hemoglobin, Alb albumin.
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We then did a subgroup analysis based on type of SSc, comparing patients
with DcSSc + CVA versus DcSSc with no CVA as well as LcSSc + CVA versus
LcSSc with no CVA. Out of the 36 patients in the SSc + CVA group, only 25 had
a clear definition of type of SSc. In the first subgroup analysis of DcSSc patients,
none of the parameters were statistically significant although CAD was close
(Table 2).
In our comparison of LcSSc + CVA versus LcSSc with no CVA, we found a
statistically significant difference with regards to race with more African American patients having LcSSc + CVA than LcSSc with no CVA. Specifically, eight of
the 19 patients with LcSSc + CVA were African American while only four of the
29 patients with LcSSc but no CVA were African American (p = 0.041). The rest
of the parameters did not reach statistical significance (Table 3).
Table 2. Comparison of DcSSc patients with CVA to DcSSc patients without a CVA.
Parameter

DcSSc + CVA (n = 6)

DcSSc + no CVA (n = 7)

p value

Sex

1 M/5 F (n = 6)

1 M/6 F (n = 7)

1

Race

3 AA/3 C (n = 6)

2 AA/4 C/1 H (n = 7)

N/A

Age at CVA dx

60.2 ± 14.9 (n = 5)

N/A

N/A

Age at SSc dx

49.2 ± 20.1 (n = 6)

40.3 ± 9.6 (n = 7)

0.32

Hypertension

5 yes/1 no (n = 6)

5 yes/2 no (n = 7)

1

Hyperlipidemia

3 yes/3 no (n = 6)

1 yes/6 no (n = 7)

0.27

Prior TIA or CVA

1 yes/4 no (n = 5)

N/A

N/A

CAD

3 yes/3 no (n = 6)

0 yes/7 no (n = 7)

0.07

Atrial fibrillation

0 yes/6 no (n = 6)

0 yes/7 no (n = 7)

1

Diabetes mellitus

1 yes/5 no (n = 6)

2 yes/5 no (n = 7)

1

Tobacco use

3 yes/3 no (n = 6)

2 yes/5 no (n = 7)

0.59

Family hx of CVA

1 yes/5 no (n = 6)

1 yes/6 no (n = 7)

1

Carotid disease

2 yes/3 no (n = 5)

0 yes/1 no (n = 1)

1

Anti-nuclear antibody

4 pos/0 neg (n = 4)

6 pos/0 neg (n = 6)

1

Scl-70 antibody

0 pos/2 neg (n = 2)

3 pos/3 neg (n = 6)

0.46

ACA

1 pos/2 neg (n =3)

0 pos/6 neg (n = 6)

0.33

Cr at time of CVA

1.6 ± 1.0 (n = 4)

N/A

N/A

Hb at time of CVA

10.5 ± 2.45 (n = 4)

N/A

N/A

Alb at time of CVA

3.7 ± 0.40 (n = 4)

N/A

N/A

DcSSc diffuse cutaneous systemic sclerosis, CVA cerebrovascular accident, M male, F female, AA African
American, C Caucasian, H Hispanic, N/A not applicable, dx diagnosis, TIA transient ischemic attack, CAD
coronary artery disease, hx history, pos positive, neg negative, ACA anti-centromere antibody, Cr creatinine, Hb hemoglobin, Alb albumin.
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Table 3. Comparison of LcSSc patients with CVA to LcSSc patients without a CVA.
Parameter

LcSSc + CVA (n = 19)

LcSSc + no CVA (n = 29)

p value

Sex

2 M/17 F (n = 19)

2 M/27 F (n = 29)

1

Race

8 AA/11 C (n = 19)

4 AA/25 C (n = 29)

0.041

Age at CVA dx

53.5 ± 14.9 (n = 19)

N/A

N/A

Age at SSc dx

51.7 ± 16.0 (n = 17)

55.6 ± 14.5 (n = 29)

0.4

Hypertension

12 yes/7 no (n = 19)

12 yes/17 no (n = 29)

0.24

Hyperlipidemia

9 yes/10 no (n = 19)

15 yes/14 no (n = 29)

1

Prior TIA or CVA

8 yes/11 no (n = 19)

N/A

N/A

CAD

4 yes/15 no (n = 19)

3 yes/26 no (n = 29)

0.41

Atrial fibrillation

5 yes/14 no (n = 19)

2 yes/27 no (n = 29)

0.1

Diabetes mellitus

2 yes/17 no (n = 19)

1 yes/28 no (n = 29)

0.55

Tobacco use

10 yes/9 no (n = 19)

13 yes/16 no (n = 29)

0.77

Family hx of CVA

4 yes/15 no (n = 19)

3 yes/26 no (n = 29)

0.41

Carotid disease

8 yes/6 no (n = 14)

2 yes/0 no (n = 2)

0.5

Anti-nuclear antibody

15 pos/1 neg (n = 16)

26 pos/3 neg (n = 29)

1

Scl-70 antibody

1 pos/9 neg (n = 10)

1 pos/23 neg (n = 24)

0.51

ACA

8 pos/8 neg (n = 16)

17 pos/10 neg (n = 27)

0.53

Cr at time of CVA

1.1 ± 0.60 (n = 17)

N/A

N/A

Hb at time of CVA

12.6 ± 1.40 (n = 17)

N/A

N/A

Alb at time of CVA

3.8 ± 0.52 (n = 16)

N/A

N/A

LcSSc limited cutaneous systemic sclerosis, CVA cerebrovascular accident, M male, F female, AA African
American, C Caucasian, N/A not applicable, dx diagnosis, TIA transient ischemic attack, CAD coronary
artery disease, hx history, pos positive, neg negative, ACA anti-centromere antibody, Cr creatinine, Hb
hemoglobin, Alb albumin.

When comparing the LcSSc + CVA to the DcSSc + CVA patients, the DcSSc +
CVA patients had higher creatinine levels and lower hemoglobin levels though
only the difference in hemoglobin level was statistically significant. Atrial fibrillation was seen in five of the LcSSc + CVA patients but none of the DcSSc +
CVA patients, though this did not reach statistical significance (Table 4).

4. Discussion
The purpose of this case control study was to identify possible clinical characteristics that might place SSc patients at a greater risk for suffering a CVA. Based
on a large cohort of SSc patients (n = 2080) followed at our institution between
October 2015 and April 2019, we identified 36 SSc patients who developed a
subsequent CVA (1.7% of cohort). When looking at risk factors for CVA in SSc
patients, we identified hypertension and atrial fibrillation to be associated with
the diagnosis of CVA in such patients. Specifically, 28 of the 36 patients with
both SSc and CVA also had a diagnosis of hypertension while in the control
DOI: 10.4236/ojra.2020.102006
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group only 17 of 36 patients had hypertension (p = 0.014). Atrial fibrillation was
seen in 9 of 36 patients with both SSc and CVA while it was seen in only 2 of 36
patients in the control group (p = 0.046) (Table 1).
Via its contribution to the formation of atherosclerosis, hypertension is regarded as the most important modifiable risk factor for CVA [18]. Similarly,
atrial fibrillation is believed to increase the risk of CVA by three to five times in
the general population by allowing for the stagnation of blood in the left atrial
appendage, thus making one susceptible to thrombus formation and embolism
[19]. The relative risk for ischemic stroke attributed to diabetes has been shown
to be 2.45. It is believed that diabetes may hasten the progression of atherosclerosis and is often associated with other risk factors that are themselves risk factors for CVA, such as central obesity, hyperlipidemia, and hypertension [20].
Finally, the relative risk for CVA attributed to smoking has been shown to be 1.5
[21].
Table 4. Comparison of LcSSc patients with CVA to DcSSc patients with CVA.
Parameter

LcSSc + CVA (n = 19)

DcSSc + CVA (n = 6)

p value

Sex

2 M/17 F (n = 19)

1 M/5 F (n = 6)

1

Race

8 AA/11 C (n = 19)

3 AA/3 C (n = 6)

1

Age at CVA dx

53.5 ± 14.9 (n = 19)

60.2 ± 14.9 (n = 5)

0.69

Age at SSc dx

51.7 ± 16.0 (n = 17)

49.2 ± 20.1 (n = 6)

0.76

Hypertension

12 yes/7 no (n = 19)

5 yes/1 no (n = 6)

0.62

Hyperlipidemia

9 yes/10 no (n = 19)

3 yes/3 no (n = 6)

1

Prior TIA or CVA

8 yes/11 no (n = 19)

1 yes/4 no (n = 5)

0.61

CAD

4 yes/15 no (n = 19)

3 yes/3 no (n = 6)

0.3

Atrial fibrillation

5 yes/14 no (n = 19)

0 yes/6 no (n = 6)

0.29

Diabetes mellitus

2 yes/17 no (n = 19)

1 yes/5 no (n = 6)

1

Tobacco use

10 yes/9 no (n = 19)

3 yes/ 3 no (n = 6)

1

Family hx of CVA

4 yes/15 no (n = 19)

1 yes/5 no (n = 6)

1

Carotid disease

8 yes/6 no (n = 14)

2 yes/3 no (n = 5)

0.63

Anti-nuclear antibody

15 pos/1 neg (n = 16)

4 pos/0 neg (n = 4)

1

Scl-70 antibody

1 pos/9 neg (n = 10)

0 pos/2 neg (n = 2)

1

ACA

8 pos/8 neg (n = 16)

1 pos/2 neg (n = 3)

1

Cr at time of CVA

1.1 ± 0.60 (n = 17)

1.6 ± 1.0 (n = 4)

0.23

Hb at time of CVA

12.6 ± 1.40 (n = 17)

10.5 ± 2.45 (n = 4)

0.037

Alb at time of CVA

3.8 ± 0.52 (n = 16)

3.7 ± 0.40 (n = 4)

0.93

LcSSc limited cutaneous systemic sclerosis, DcSSc diffuse cutaneous systemic sclerosis, CVA cerebrovascular accident, M male, F female, AA African American, C Caucasian, N/A not applicable, dx diagnosis, TIA
transient ischemic attack, CAD coronary artery disease, hx history, pos positive, neg negative, ACA anti-centromere antibody, Cr creatinine, Hb hemoglobin, Alb albumin.
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Hypertension is not known to be more prevalent in patients with SSc. While
previous research has suggested that systemic inflammation may play a role in
the pathogenesis of atrial fibrillation [22], there has been insufficient evidence to
conclude that atrial fibrillation is more commonly found in autoimmune rheumatic diseases than in the general population. However, it has been reported that
the prevalence of atrial fibrillation is higher in SSc than in other autoimmune
rheumatic diseases [23]. Interestingly, in our small study, there were 4.5 times
the number of patients with atrial fibrillation in the experimental group of patients with CVA than in the control group without CVA. Given the findings of
our study and the impact that these two risk factors have for the development of
CVA in the general population, they likely have an equal, and perhaps greater,
contribution to the development of CVA in SSc patients.
Of note, the creatinine of patients in our experimental group was found to be
elevated (1.23 ± 0.77 mg/dl, n = 26). This is consistent with a prior case series in
which a majority of SSc patients who later developed a myocardial infarction
had a creatinine of greater than 1.3 mg/dl [7]. It has been reported that approximately half of patients with SSc have clinical evidence of renal disease, including
hypertension and/or increased creatinine levels. In addition, it has been hypothesized that those with SSc undergo pathologic renal vascular changes (even
in the absence of renal crisis) that could result in rapid renal insufficiency during
acute illness [24].
Certainly, the size of this study is one of its limitations. With a larger population, some of the other risk factors that did not reach statistical significance,
such as hyperlipidemia, CAD, diabetes mellitus, tobacco use, family history of
CVA, and carotid disease, could prove to be statistically significant. In particular, given a p value approaching statistical significance in our small study and the
reported link previously suggested [7], we would hope to better describe the relationship between CAD and the development of CVA in SSc patients in future,
larger studies. In addition, there is some degree of selection bias which comes
from the fact that the study population comes entirely from a single university-based hospital.

5. Conclusion
In conclusion, our case control study demonstrated that hypertension and atrial
fibrillation had a statistically significant association with the diagnosis of CVA in
patients with SSc. This provides additional evidence to our understanding of risk
factors contributing to morbidity in SSc. Future, larger studies are needed to
further characterize these relationships in order to provide even more valuable
information to physicians treating patients with SSc.
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