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Abstract

Objective—Autonomic dysfunction is a known complication of scleroderma that can affect 

vascular tone, gastrointestinal (GI) motility, heart rate and blood pressure control. We sought to 

quantify autonomic symptom burden in scleroderma, and to define the characteristics of patients 

with scleroderma and autonomic dysfunction.

Methods—Patients with scleroderma were consecutively recruited during routine clinical visits 

at the Johns Hopkins Scleroderma Center and asked to complete the Composite Autonomic 

Symptom Score (COMPASS)-31 questionnaire, which is a validated tool to assess symptoms of 

autonomic dysfunction. We determined the relationship between various clinical and serological 

features of scleroderma and the total COMPASS-31 scores and domain-specific scores using the 

student’s t-test or Wilcoxon rank-sum test for dichotomous variables and linear regression analysis 

for continuous variables.

Results—104 patients with scleroderma completed the COMPASS-31 questionnaire. The mean 

COMPASS-31 score in this cohort was 24.9 ± 15.5, which is higher than COMPASS-31 scores 

from previously published healthy controls (8.9 ± 8.7). Compared to patients with mild or absent 

GI disease, patients with significant GI disease had higher scores across multiple subdomains of 

the COMPASS-31, including orthostatic intolerance (median 10.0 vs 0, p=0.006) and secretomotor 

dysfunction (median 6.4 vs 4.3, p=0.03). There was also a dose-response relationship between GI 

disease severity and autonomic symptom burden.

Conclusions—Symptoms of autonomic dysfunction are common in scleroderma. Patients with 

more severe GI disease in scleroderma report more symptoms of dysautonomia across multiple 

facets of the autonomic nervous system.

Corresponding Author: Brittany Adler, 5200 Eastern Avenue, MFL Center Tower, Suite 4100, Baltimore, MD 21224.
*These authors contributed equally to this work
Author responsible for requests for reprints: Zsuzsanna H. McMahan, 5200 Eastern Avenue, MFL Center Tower, Suite 4100, 
Baltimore, MD 21224

HHS Public Access
Author manuscript
J Rheumatol. Author manuscript; available in PMC 2019 August 01.

Published in final edited form as:
J Rheumatol. 2018 August ; 45(8): 1145–1152. doi:10.3899/jrheum.170868.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

gastrointestinal tract; scleroderma; neurologic manifestations; self-assessment; scleroderma; 
autonomic dysfunction

INTRODUCTION

Scleroderma is an autoimmune multi-organ disease associated with significant morbidity 

due to organ dysfunction (1). Pathological studies demonstrate microvascular disease and/or 

tissue fibrosis involving the skin, lungs, heart, kidney, gastrointestinal (GI) tract, and 

muscles (2,3). Dysregulation of the autonomic nervous system (dysautonomia) can occur 

early or late in the disease (4–6). In some cases, dysautonomia results in abnormal vascular 

tone (7,8), GI dysmotility (9) (10), and dysregulation of heart rate and blood pressure (11).

The mechanisms underlying autonomic dysfunction in scleroderma remain unclear but could 

be caused by autoimmune damage to nerves, vascular disease, or direct nerve compression 

from tissue fibrosis (12). Tissue fibrosis is unlikely to be the only cause of autonomic 

dysfunction in scleroderma, however, because degeneration of the autonomic neural network 

and ganglion root cells have been observed in areas of unaffected skin (12–14). Autonomic 

dysfunction is often seen early in the disease course, suggesting that it may play an 

important pathological role in scleroderma.

Although dysautonomia is recognized to occur in a subset of patients with scleroderma, the 

prevalence of symptoms related to autonomic dysfunction and the clinical features of 

scleroderma associated with dysautonomia remain undefined. Understanding the disease 

features of scleroderma that are associated with dysautonomia may provide important 

insights into the underlying disease mechanism, and may also improve recognition and 

diagnosis of this complication in clinical practice.

The Composite Autonomic Symptom Score (COMPASS)-31 is a self-administered 31-item 

questionnaire that quantifies self-reported autonomic symptoms (15). It is an abbreviated 

version of the 164-item COMPASS assessment tool (16). The COMPASS-31 was validated 

in a cohort of patients with small fiber neuropathy (17), and was previously used to quantify 

self-reported autonomic symptoms in multiple sclerosis (18), diabetic neuropathy (19), and 

fibromyalgia (20). In the present study, we used the COMPASS-31 to quantify the frequency 

and features of autonomic symptoms in a cohort of patients with scleroderma.

PATIENTS AND METHODS

Study Population

All patients were seen for routine clinical evaluations at the Johns Hopkins Scleroderma 

Center between March 2016 and April 2016. Patients were consecutively recruited after their 

clinical visits if they met either the 2013 ACR/EULAR criteria for scleroderma, the 1980 

American College of Rheumatology (ACR) criteria, or had at least three of five features of 

the CREST syndrome (calcinosis, Raynaud’s phenomenon, esophageal dysmotility, 
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sclerodactyly, telangiectasias). Patients were categorized by extent of skin disease as limited 

or diffuse scleroderma based on previously established criteria (21)

Healthy Control Population

We compared COMPASS-31 scores in our scleroderma cohort to scores in healthy controls 

and other populations with autonomic dysfunction in the published literature (17,19,20). The 

healthy control cohort consisted of 30 female participants who were healthy and free of pain 

and fatigue (see Vincent et al. (20) for cohort details).

Assessment Tool: COMPASS-31 questionnaire

The COMPASS-31 consists of 31 questions that fall into six domains of dysautonomia: 

orthostatic intolerance (four items), vasomotor dysfunction (three items), secretomotor 

dysfunction (four items), gastrointestinal dysfunction (twelve items; includes gastroparesis, 

constipation and diarrhea), urinary dysfunction (three items), and pupillomotor dysfunction 

(five items). An answer was scored as zero when it was not assigned a point. A raw domain 

score was obtained by adding points within each domain together. The total score within 

each domain was weighted as previously described (15) and then added together to give a 

total score ranging from 0–100. The maximum weighted scores for each subdomain are as 

follows: 40 for orthostatic intolerance, 5 for vasomotor dysfunction, 15 for secretomotor 

dysfunction, 25 for gastrointestinal dysfunction, 10 for urinary dysfunction, and 5 for 

pupillomotor dysfunction.

Clinical Data Collection

Demographic and clinical data for all study participants were obtained from the Johns 

Hopkins Scleroderma Center longitudinal database. The Center’s database includes date of 

birth, sex, race, date of onset of first Raynaud’s and first non-Raynaud’s symptoms, 

medications, and multiple measures of disease severity and clinical features (see below) 

obtained at the first clinic visit and at 6 month intervals during follow-up visits. Medications 

that the patient was taking at the time of completion of the COMPASS-31 questionnaire 

were used for analysis. Of particular interest was the use of a blood pressure medication or 

vasodilator, as these medications can cause orthostatic symptoms as a side-effect. We also 

recorded the patient heart rate by taking the average of the heart rate at the time the 

COMPASS-31 questionnaire was completed with the heart rates measured at the immediate 

prior and subsequent clinical visit.

The presence and severity of organ involvement were assessed using the maximum Medsger 

severity score (22) recorded across all longitudinal visits. Because clinical features of 

scleroderma are known to change over time, the most extreme data points recorded (max/

min, ever/never) were used to fully capture disease manifestations. The degree of skin 

involvement was scored using the maximum modified Rodnan skin thickness score (MRSS 

= [range 0–51]). Significant GI disease was defined by a Medsger severity score ≥ 2 (0 = no 

symptoms; 1 = acid reflux medications or abnormal small bowel series; 2 = high-dose acid 

reflux medications or antibiotics for bacterial overgrowth; 3 = diagnosis of malabsorptive 

syndrome or episodes of pseudo-obstruction; 4= dependence on total parenteral nutrition). 

Severe GI disease was defined as a Medsger severity score of 3 or 4. Significant cardiac 
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disease was defined by a Medsger score ≥ 1, and significant lung disease and Raynaud’s 

phenomenon were defined by a Medsger score ≥ 2. The presence of myopathy was defined 

by the presence of muscle weakness (Medsger score ≥ 1 defined by power ≤ 4/5 in the upper 

or lower extremities) as well as the presence of at least one of the following: elevation in 

creatinine phosphokinase (CPK), abnormal electromyomyography (EMG), muscle edema 

visualized on magnetic resonance imaging (MRI), or myopathy confirmed on muscle biopsy. 

The presence of arthralgia, arthritis, dry eyes or dry mouth, or history of scleroderma renal 

crisis, digital ulceration/gangrene, and right heart catheterization-confirmed pulmonary 

arterial hypertension (defined as a mean pulmonary artery pressure ≥ 25 mmHg and 

pulmonary capillary wedge pressure ≤ 15 mmHg) were also recorded.

Written informed consent was obtained from all patients. This study was approved by the 

Johns Hopkins Institutional Review Board (approval number 00034985).

Autoantibody Analysis

A commercially available line immunoblot assay (Scleroderma [Nucleoli] Profile Euroline 

[IgG]; Euroimmun) was used to determine the scleroderma autoantibody profiles for patients 

with available serum. Assays and analysis were performed by a single operator per the 

manufacturer’s instructions as previously described (23). Readings defined by the assay as 

positive or negative were considered as such, and results in the borderline range were 

considered negative.

Statistical Analysis

COMPASS-31 scores were compared across dichotomous clinical and demographic 

variables using the student’s t-test for scores that were normally distributed (total 

COMPASS-31 score, vasomotor dysfunction, gastrointestinal dysfunction, pupillomotor 

dysfunction) and the Wilcoxon rank-sum test for scores that were not normally distributed 

(orthostatic intolerance, secretomotor dysfunction and urinary dysfunction). Results are 

depicted as mean ± standard deviation (SD) or median (interquartile range, IQR). Linear 

regression analyses were used to determine the relationship between continuous clinical 

independent variables and COMPASS-31 scores (dependent variable). Multi-variable linear 

regression models were used to adjust for possible covariates, including age, sex, race, and 

any variables that are associated with the COMPASS-31 score.

To determine whether the associations between disease features and severity and the total 

COMPASS-31 score resulted from global autonomic symptoms across multiple sub-

domains, we grouped patients by the number of positive subdomains (score > 0 in any 

category) of the COMPASS-31. We divided the cohort into two groups based on the 

graphical distribution of the data prior to the analysis: (1) the “global autonomic symptoms” 

group included all patients with five or more positive subdomains, and (2) the “limited 

autonomic symptoms” group included patients with fewer than five positive subdomains. 

Using a χ2 analysis, we determined the relationship between the presence of specific clinical 

features of scleroderma and global autonomic dysfunction. Multivariable logistic regression 

models were used to adjust for clinically relevant covariates and potential confounders.
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All statistical analyses were conducted using JMP Version 9 (SAS Institute Inc., Cary, NC). 

All statistical tests were two-sided, and statistical significance was defined as p<0.05 for all 

analyses.

RESULTS

Patient Characteristics

104 consecutive patients with scleroderma were recruited and completed the COMPASS-31 

questionnaire. Demographic information for all study participants is shown in table 1. The 

mean age was 57 ± SD 12.6 years, 88% of the cohort was female, 74% were Caucasian and 

16% were African American. The median disease duration from the onset of Raynaud’s 

phenomenon was 12.5 (IQR 7–22) years and the median disease duration from the onset of a 

non-Raynaud’s symptom of scleroderma was 11.0 (IQR 7–18) years. The majority of 

patients (54%) had limited cutaneous disease and 46% had diffuse cutaneous disease.

Patients with scleroderma have high COMPASS-31 scores that are comparable to scores 
among patients with other disorders known to present with dysautonomia

The mean COMPASS-31 score in our scleroderma cohort was 24.9 ± 15.5. We assessed 

whether this COMPASS-31 score was similar to COMPASS-31 scores from healthy controls 

and patients with non-rheumatic diseases that present with dysautonomia (17,19,20) (Table 

2). We found that patients with scleroderma had higher COMPASS-31 scores compared to a 

previously published healthy control population (20) (24.9 ± 15.5 for scleroderma vs 8.9 

± 8.7 for healthy controls), and the differences in scores spanned across multiple domains of 

autonomic function. Mean COMPASS-31 scores in scleroderma were comparable to other 

diseases that present with autonomic dysfunction including diabetic polyneuropathy and 

small-fiber polyneuropathy (17,19).

Given that many patients with scleroderma are treated with vasodilators, which can cause 

orthostatic symptoms as a side-effect, we examined whether the use of these medications 

may affect the COMPASS-31 score. We did not find a difference in the mean COMPASS-31 

score or orthostatic intolerance score between patients treated with a blood pressure or 

vasodilator medication (n=67) and those who were untreated (n=37, p>0.05). We next 

evaluated whether skin fibrosis may directly affect sweat glands and therefore result in more 

secretomotor dysfunction in scleroderma. We did not find an association between the 

maximum Modified Rodnan Skin Score (MRSS) and the secretomotor dysfunction score 

(p>0.05).

COMPASS-31 scores and autoantibody status

Euroimmun immunoblot assays to detect autoantibody profiles were performed on patients 

with available serum samples (83/104 patients, 80%). Among patients with complete 

autoantibody data, 21 patients (25%) had anti-CENP antibodies, 31 patients (37%) had anti-

Topo-1 antibodies, and 19 patients (23%) had anti-RNA pol 3 antibodies. Patients with anti-

CENP antibodies had significantly higher total COMPASS-31 scores compared to anti-

CENP-negative patients (30.7 ± 17.9 vs 21.3 ± 13.8, p=0.04). This difference remained after 

adjustment for age, sex and race (β=4.3 [CI 0.3–8.3], p=0.04), but lost statistical significance 
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after disease duration was added to the model (β=2.6 [CI −1.5–6.6], p=0.21). Higher 

COMPASS-31 scores among anti-CENP-positive patients was driven by higher scores in 

vasomotor dysfunction, gastrointestinal dysfunction and secretomotor dysfunction (p<0.05 

for all comparisons). There was no difference in COMPASS-31 scores between patients with 

and without anti-Topo-1 antibodies. Patients with anti-RNA pol 3 antibodies had lower total 

COMPASS-31 scores (17.9 ± 12.4 vs 25.4 ± 15.8, p=0.04), although this lost significance 

after adjustment for age, sex and race (β= −3.5 [CI −7.7–0.7], p=0.10) (Table 3).

COMPASS-31 scores and clinical associations in scleroderma

We found that women with scleroderma had significantly higher mean COMPASS-31 scores 

than men (26.1 ± 15.1 vs 15.3 ± 16.0, p=0.04). Disease duration was positively associated 

with total COMPASS-31 score [predicted COMPASS-31 = 0.5*disease duration (years) 

+18.5, R2=0.07, p<0.01], whereas there was no association between COMPASS-31 score 

and age (p>0.05). There was no difference in mean COMPASS-31 scores by patient race 

(Caucasian vs African American) or systemic sclerosis subtype (limited vs. diffuse), and 

there was no association with resting heart rate. Patients with dry mouth (27.3 ± 15.9 vs 18.3 

± 12.6, p<0.01), arthralgias (26.0 ± 15.7 vs 16.3 ± 11.3, p<0.05), and significant GI disease 

(29.1 ± 16.6 vs 18.2 ± 10.8, p<0.0001) had higher mean COMPASS-31 scores than patients 

without these clinical findings.

GI disease in scleroderma is associated with higher COMPASS-31 scores

To determine whether GI disease in scleroderma may be part of a dysautonomia syndrome, 

we investigated whether patients with GI disease had other symptoms of autonomic 

dysfunction. For this analysis, we compared the COMPASS-31 subdomain scores of patients 

with significant GI disease to those with absent or mild GI disease. Of our total study cohort, 

64 patients (62%) had significant GI disease, which was defined as a Medsger severity score 

≥ 2. Compared to patients with mild or absent GI disease, patients with significant GI 

disease had higher scores in orthostatic intolerance (median 10.0 [IQR 0–20.0] vs 0 [IQR 0–

12.0], p=0.006) and secretomotor dysfunction (median 6.4 [IQR 2.7–8.6] vs 4.3 [IQR 0.5–

6.4], p=0.03) (see figure 1a–b). There was a higher burden of autonomic gastrointestinal 

symptoms among patients with more significant GI disease compared to patients with mild 

or absent GI disease (8.2 ± 4.5 vs 4.8 ± 3.3, p<0.001). We found no relationship between GI 

disease severity and scores in vasomotor, urinary, or pupillomotor dysfunction. We then 

constructed a multivariable linear regression model to adjust for potential clinical 

confounders (age, sex, race, and disease duration). After adjustment for these covariates, the 

positive association between significant GI disease and total COMPASS-31 score (β=4.8 [CI 

1.6–8.1], p=0.004) and orthostatic intolerance score (β=2.4 [CI 0.4–4.4], p=0.02) remained. 

The association between significant GI disease and secretomotor dysfunction scores 

remained after adjustment for age, sex and race (β=0.8 [CI 0.1–1.4], p=0.03), but lost 

statistical significance when disease duration was added to the model (p>0.5).

We then examined whether a dose-response relationship exists between the severity of GI 

disease and autonomic symptom burden. We divided our cohort into three groups based on 

the Medsger GI disease severity score: absent or mild GI disease (Medsger severity score 0–

1, n=40), significant GI disease (Medsger severity score of 2, n=57), and severe GI disease 
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(Medsger severity score of 3–4, n=7). We found that autonomic symptom burden across all 

subdomains of the COMPASS-31 increased as the severity of GI disease increased (see 

figure 1c).

GI disease in scleroderma is associated with symptoms of global autonomic dysfunction

To further explore the relationship between GI disease in scleroderma and symptoms of 

global dysautonomia, we divided the cohort into two predefined groups based on the number 

of positive subdomains (score > 0) within the COMPASS-31. Fifty-three patients (51%) had 

≥ 5 positive subdomains and were defined as having “global autonomic symptoms,” and 51 

patients (49%) had < 5 positive subdomains and were defined as having “limited autonomic 

symptoms.” We found that more patients with significant GI disease (Medsger score ≥ 2) 

had global autonomic symptoms compared to patients with mild or absent GI disease 

(Medsger score < 2) (61% vs 35%, p= 0.01) (see figure 1d). The association between 

significant GI disease and the presence of global autonomic symptoms remained after 

adjusting for age, sex, race and disease duration (OR 3.2 [95% CI 1.3–8.4], p=0.01). We also 

found that the percent of patients who report symptoms in ≥ 5 subdomains of the 

COMPASS-31 increases as the severity of GI disease increases (see figure 1e).

Scleroderma patients with myopathy have more symptoms of global autonomic 
dysfunction

As our previous study identified an association between severe GI disease and myopathy in 

scleroderma (24), we next explored the relationship between myopathy and symptoms of 

dysautonomia. We identified higher orthostatic intolerance scores (median 14.0 [IQR 2.0–

20.0] vs 0 [IQR 0–16.0], p=0.02) and a trend toward higher total COMPASS-31 scores (32.3 

± 16.4 vs 23.5 ± 15.1, p=0.06) among patients with myopathy compared to patients without 

myopathy. There was no relationship between the presence of myopathy and subdomain 

scores in vasomotor, secretomotor, gastrointestinal, urinary or pupillomotor dysfunction 

(p>0.05). When patients were grouped by the number of positive subdomain scores, more 

patients with myopathy had global autonomic symptoms (≥ 5 positive subdomains) 

compared to patients without myopathy (75% vs 47%, p=0.03) (see figure 2). We did not 

pursue multivariable modeling given the low number of patients with myopathy (n=16).

DISCUSSION

We administered the COMPASS-31 questionnaire to a well-characterized cohort of patients 

with scleroderma to quantify symptoms of autonomic dysfunction and to determine clinical 

risk factors for dysautonomia. To our knowledge, this is the first time that a validated 

autonomic dysfunction questionnaire has been used to capture global autonomic symptom 

burden across a large population of patients with scleroderma. Consistent with prior studies 

(7,9,10), we found that scleroderma patients have a high burden of autonomic symptoms that 

involve multiple aspects of the autonomic nervous system. Resting heart rate is a poor 

predictor of autonomic symptom burden in scleroderma, and our findings support the use of 

patient reported symptom scores in screening all scleroderma patients for autonomic 

dysfunction.
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Among the clinical features of scleroderma that we analyzed, we found a strong association 

between the presence of GI disease and higher COMPASS-31 scores. We considered 

whether this finding occurred because questions about GI dysfunction are a component of 

the COMPASS-31 questionnaire. However, positive responses for GI dysfunction in the 

questionnaire were not solely responsible for this association. Patients with significant GI 

disease frequently reported symptoms across multiple facets of the autonomic nervous 

system (e.g. orthostatic intolerance and secretomotor dysfunction), suggestive of global 

dysautonomia. Our findings are also consistent with previous studies that suggest that early 

GI disease in scleroderma may be mediated by dysfunction of the autonomic nervous system 

(26), and raise the possibility that GI disease in scleroderma may be a cause or consequence 

of autonomic dysfunction.

Autonomic symptoms are common in other rheumatic diseases associated with GI 

dysmotility, including sjogren’s syndrome and systemic lupus erythematosus (27–29), 

suggesting that pathology of the autonomic nervous system may be a common clinical 

feature among certain patient subsets. While the mechanism of dysautonomia in these 

patients remains unclear, the cause of autoimmune GI dysmotility in other patient groups, 

such as those with autoimmune autonomic ganglionopathy, is well-established. In this 

autoimmune disease, GI dysmotility and other symptoms of autonomic dysfunction result 

from pathogenic autoantibodies targeting ganglionic acetylcholine receptors (30). More 

research is needed in scleroderma and other rheumatic diseases to determine if similar 

pathogenic antibodies targeting components of the autonomic nervous system can be 

identified.

We observed a trend toward increased global dysautonomia symptoms among scleroderma 

patients with myopathy. Although these findings require further confirmation because of the 

low number of patients with myopathy in the cohort, these data are consistent with data from 

our group and a study by Nishimagi and colleagues which demonstrate an association 

between myopathy and GI disease in scleroderma (24,31). Future studies are also needed to 

explore the role of the autonomic nervous system in patients with myopathy and 

scleroderma.

Notable strengths of our study include the use of a diverse and well-characterized cohort of 

patients and the use of a validated questionnaire that assesses multiple aspects of the 

autonomic nervous system. With regard to study limitations, we did not have a healthy 

control group and therefore compared our findings with other relevant cohorts with 

COMPASS-31 scores in the literature. It is conceivable that the differences in COMPASS-31 

scores observed were unrelated to scleroderma, but instead resulted from demographic 

differences for which we were unable to control. However, both our scleroderma cohort and 

the healthy controls were demographically similar, consisting predominately of Caucasian, 

middle-age women. We also had very few patients with myopathy, so our results regarding 

these patients are exploratory and need to be repeated with a larger sample size. We were 

unable to investigate the mental health of participants in our cohort study, although mental 

health may be impaired in scleroderma (32,33) and has been shown to impact COMPASS-31 

scores in other diseases (34). Future studies of autonomic dysfunction in scleroderma should 

explore what role mental health and fatigue have in mediating the observed associations. 
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Lastly, the COMPASS-31 questionnaire measures symptoms of dysautonomia rather than 

objective measures of autonomic dysfunction. It can be challenging to distinguish some 

symptoms of autonomic dysfunction from features of scleroderma itself, particularly in 

regard to Raynaud’s phenomenon and GI symptoms such as constipation, early satiety and 

bloating. Although this is an inherent limitation, the substantial overlap in symptoms of 

scleroderma and global dysautonomia may provide important insights into the role of 

autonomic dysfunction in the pathogenesis of scleroderma.

Our findings provide important insights into the association between symptoms of 

dysautonomia and the dysfunction of specific organ systems in patients with scleroderma. 

Further mechanistic studies investigating the role of autonomic dysfunction in scleroderma, 

and how it relates to disease biology, are warranted.
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Figure 1. 
Relationship between GI disease severity and autonomic symptoms in patients with 

scleroderma. Patients with scleroderma and significant gastrointestinal (GI) disease 

(Medsger severity score ≥ 2) have increased median (A) orthostatic intolerance scores 

(p<0.01) and (B) secretomotor dysfunction scores (p<0.05) compared to patients with absent 

or mild GI disease; C) Median COMPASS-31 scores across multiple subdomains increase as 

GI disease severity increases; D) A higher percent of patients with significant GI disease 

have global autonomic symptoms (defined as ≥ 5 positive subdomains of the COMPASS-31) 

compared to patients with mild or absent GI disease (p<0.05); and E) There is a dose-

response relationship between GI disease severity and global autonomic symptoms.
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Figure 2. 
Comparison of autonomic symptom burden in scleroderma patients with and without 

myopathy. Patients with myopathy are more likely to have global autonomic symptoms 

(defined as ≥ 5 positive domains) compared to patients without myopathy (p<0.05).
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Table 1
Demographics and disease characteristics of patients with scleroderma

Significant Raynaud’s phenomenon (RP), lung disease, and GI disease were defined as a Medsger severity 

score ≥ 2. Significant heart disease was defined as a Medsger severity score ≥ 1. Right heart catheterization 

data were available for 20 patients. Pulmonary artery hypertension was defined as a mean pulmonary artery 

pressure ≥ 25 mmHg and a pulmonary capillary wedge pressure ≤ 15 mmHg. RVSP = right ventricular systolic 

pressure; FVC = forced vital capacity; DLCO = diffusing capacity of carbon monoxide. SD = standard 

deviation; IQR = interquartile range

Age Age (years), mean (SD) 57 (12.6)

Sex

Female, n [%] 92 [88%]

Male, n [%] 12 [12%]

Race

Caucasian, n [%] 77 [74%]

African American, n [%] 17 [16%]

Scleroderma Type

Limited, n [%] 56 [54%]

Diffuse, n [%] 48 [46%]

Disease duration

From onset of RP, median (IQR) 12.5 (7–22)

From onset of non-RP symptom, median (IQR) 11.0 (7–18)

Number with disease duration < 3 years (from RP) 12 [12%]

Number with disease duration < 5 years (from RP) 18 [17%]

Antibody status

Anti-Centromere 21/83 [25%)

Anti-Topoisomerase-1 31/83 [37%]

Anti-RNA-polymerase III 19/83 [23%]

Anti-PM-Scl 12/83 [15%]

Anti-U3-RNP 8/83 [10%]

Anti-Ro-52 19/83 [23%]

Anti-ThTo 6/83 [7%]

Anti-Ku 4/83 [5%]

Clinical Features

Calcinosis, n [%] 51 [49%]

Arthralgias, n [%] 92 [88%]

Synovitis, n [%] 25 [24%]

Digital ulceration or gangrene, n [%] 27 [26%]

Scleroderma renal crisis, n [%] 4 [4%]

Myopathy, n [%] 16 [15%]

Pulmonary arterial hypertension, n [%] 7 [7%]
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Maximum RVSP (mmHg), mean (SD) 39.6 (12.2)

Modified Rodnan Skin Score, mean (SD) 13.8 (12.0)

Minimum FVC, mean (SD) 72.7 (21.1)

Minimum DLCO, mean (SD) 65.3 (23.7)

Significant Raynaud’s phenomenon, n [%] 59 [57%]

Significant lung disease, n [%] 68 [65%]

Significant heart disease, n [%] 27 [26%]

Significant gastrointestinal disease, n [%] 64 [62%]
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