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Abstract: Experience suggests that African Americans may express
autoimmune disease differently than other racial groups. In the context
of systemic sclerosis (scleroderma), we sought to determine whether race
was related to a more adverse expression of disease. Between January 1,
1990, and December 31, 2009, a total of 409 African American and 1808
white patients with scleroderma were evaluated at a single university
medical center. While the distribution by sex was virtually identical in both
groups, at 82% female, African American patients presented to the center
at a younger mean age than white patients (47 vs. 53 yr; p < 0.001). Two-
thirds of white patients manifested the limited cutaneous subset of dis-
ease, whereas the majority of African American patients manifested the
diffuse cutaneous subset (p < 0.001). The proportion seropositive for
anticentromere antibody was nearly 3-fold greater among white patients,
at 34%, compared to African American patients (12%; p < 0.001). Nearly
a third of African American (31%) patients had autoantibodies to topo-
isomerase, compared to 19% of white patients (p = 0.001). Notably,
African American patients experienced an increase in prevalence of
cardiac (adjusted odds ratio [OR], 1.6; 95% confidence interval [CI],
1.3-2.2), renal (OR, 1.6; 95% CI, 1.2-2.1), digital ischemia (OR, 1.5; 95%
CI, 1.4-2.2), muscle (OR, 1.7; 95% CI, 1.3-2.3), and restrictive lung
(OR, 6.9; 95% CI, 5.1-9.4) disease. Overall, 700 (32%) patients died
(159 African American; 541 white). The cumulative incidence of mortality
at 10 years was 43% among African American patients compared to 35%
among white patients (log-rank p = 0.0011). Compared to white patients,
African American patients experienced an 80% increase in risk of mor-
tality (relative risk [RR], 1.8; 95% CI, 1.4-2.2), after adjustment for age
at disease onset and disease duration. Further adjustment by sex, disease
subtype, and scleroderma-specific autoantibody status, and for the socio-
economic measures of educational attainment and health insurance status,
diminished these risk estimates (RR, 1.3; 95% CI, 1.0-1.6). The height-
ened risk of mortality persisted in strata defined by age at disease onset,
diffuse cutaneous disease, anticentromere seropositivity, decade of care
at the center, and among women. These findings support the notion that
race is related to a distinct phenotypic profile in scleroderma, and a more
unfavorable prognosis among African Americans, warranting heightened
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diagnostic evaluation and vigilant care of these patients. Further, we pro-
vide a chronologic review of the literature regarding race, organ system
involvement, and mortality in scleroderma; we furnish synopses of relevant
reports, and summarize findings.

(Medicine 2013;92: 191-205)

Abbreviations: ACR = American College of Rheumatology, ANA =
antinuclear antibody, CI = confidence interval, CREST = calcinosis,
Raynaud, esophageal dysmotility, sclerodactyly, telangiectasia; ER =
emergency room, FVC = forced vital capacity, GENISOS = Genetics
versus Environment in Scleroderma Outcomes Study, HLA = human
leukocyte antigen, MSS = Medsger severity score, NIJAMS = National
Institute of Arthritis and Musculoskeletal and Skin Diseases, NIH =
National Institutes of Health, OR = odds ratio, PFT = pulmonary func-
tion testing, RNP = ribonucleoprotein, RR = relative risk.

INTRODUCTION

Experience suggests that African Americans may express
autoimmune disease differently than other racial groups. For
example, among patients with autoimmune hepatitis, histo-
logic evidence of cirrhosis was more prevalent among African
American patients than white patients, occurring in the majority
of the former and the minority of the latter.!® African American
patients presented with more advanced liver disease than white
patients, among patients with known primary biliary cirrhosis
being screened in a multicenter clinical trial.>* Regarding my-
asthenia gravis, a prototypic autoimmune neurologic disease,
serologic status has been found to differ according to race;
acetylcholine receptor antibodies were more prevalent in white
than African American patients, whereas among the seronegative
generalized myasthenia stratum, the prevalence of seropositivity
to muscle-specific tyrosine kinase was higher among African
Americans.3 Further, the annual incidence of myasthenia gravis
in a large United States cohort was highest among black women
compared to white women and men.! In contrast, the incidence of
autoimmune thyroiditis and juvenile-onset, insulin-dependent di-
abetes mellitus is diminished among African Americans.!#20-31:43
Thyroid autoantibodies are less commonly observed among
African American than white children with type I diabetes mel-
litus.> Yet, in Allegheny County, Pennsylvania, the risk of mor-
tality was greater among African Americans than whites with
insulin-dependent diabetes mellitus.'*

Similarly, in the context of the autoimmune rheumatologic
disorders, experience intimates a differential expression of dis-
ease according to race. Most notably, young African American
women are at greatest risk to develop severe disease manifesta-
tions of systemic lupus erythematosus, particularly a greater risk
of progression to end-stage renal disease and dialysis dependence,
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than other sex-race groups.” The prevalence of lupus is par-
ticularly high, at 1 in 250 persons, among African American
women aged 15-64 years.® Further, African Americans who
previously smoked or continued to smoke cigarettes were
found to be at heightened risk to develop both autoantibody-
positive and autoantibody-negative rheumatoid arthritis.?’

Systemic sclerosis (scleroderma) is no exception to this im-
pression. Previous investigations have reported a younger age
at disease onset, greater incidence and prevalence of disease, a
predilection to more severe disease manifestations, a distinct se-
rologic profile, and a worse prognosis among African American
patients compared to white patients.>%13-22-2428.29.37 However,
the number of African American patients examined in prior
reports has often been relatively small, precluding reliable esti-
mates. It remains important to ascertain definitively whether
race is independently related to disease severity and mortality in
scleroderma, above and beyond the known contribution of the
aforementioned key demographic, clinical, socioeconomic, and
serologic predictors to survival. Moreover, the independent
relation of race to survival within well-defined strata defined
by cutaneous disease subset and by serologic status has not been
clearly defined.

In this context, the goals of the present analyses were
2-fold. First, we sought to examine the independent association
of race with the development of key organ system manifesta-
tions of scleroderma and with survival. The relatively unique as-
pect of this effort is the opportunity to examine an exceptionally
large cohort assembled at a single university medical center over
20 years, in which 18% of the cohort was African American.
Second, because relevant demographic, clinical, and serologic
measures of disease have been frequently ascertained, we sought
to furnish an informative chronologic review of the published
literature that addresses the association of African American
race with disease susceptibility, phenotypic features, and prog-
nosis in scleroderma. Finally, we sought to consider the find-
ings culled from the current study of 2217 consecutive African
American and white patients, evaluated from 1990 to 2009 at
the Johns Hopkins Scleroderma Center, within the context of
the presented literature review.

METHODS

Over the 20 years from January 1, 1990, to December 31,
2009, consecutive patients evaluated at the Johns Hopkins
Scleroderma Center were enrolled in a research database. De-
mographic, serologic, and clinical (for example, spirometry and
echocardiography) data were ascertained. These parameters were
collected at the initial evaluation, and then prospectively re-
assessed at 6-month intervals among those cohort participants
receiving follow-up care at the Scleroderma Center. The proto-
col was reviewed and approved by the Johns Hopkins Office of
Human Subjects Research.

Similarly, each patient was queried regarding the presence
of digital cold sensitivity and observed color changes—pallor,
cyanosis, and hyperemia—upon cold exposure. Age at onset of
Raynaud phenomenon, at onset of first non-Raynaud symptom
of scleroderma, and at diagnosis of scleroderma were uniformly
recorded, as were sex and reported race. Date of disease onset
was defined as the date of the first non-Raynaud symptom of
scleroderma. Serologic status for antinuclear antibody (ANA),
anticentromere antibody, antitopoisomerase antibody, and anti-
ribonucleoprotein (anti-RNP) antibody was ascertained on ini-
tial presentation to the center and thereafter updated if and
when new serologic information became available; a smaller
subset was examined for serologic status to RNA polymerase III.
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Using a standard protocol at the initial evaluation, each
patient was characterized based on examination findings as
having the limited or the diffuse cutaneous subset of disease.!’
Cohort eligibility required each patient to satisfy 1 of the fol-
lowing 3 criteria for a diagnosis of scleroderma: A) the American
College of Rheumatology (ACR) criteria for scleroderma,® B)
3 or more of the 5 features of the CREST (calcinosis, Raynaud,
esophageal dysmotility, sclerodactyly, telangiectasia) syn-
drome,'”*? or C) the combination of definite Raynaud
phenomenon, abnormal nail fold capillaries, and a scleroderma-
specific (centromere, topoisomerase, or RNA polymerase III)
antibody.'®

A total of 2481 patients with scleroderma were enrolled
in the database during this 20-year period, among which 2394
had a recorded date of disease onset and comprehensive assess-
ments. The cohort participants were categorized into mutually
exclusive, self-reported racial groups. The demographic distribu-
tion of these patients included 1821 white, 411 African American,
51 Asian, 17 Middle Eastern/Arabian, 16 from the Indian sub-
continent, and 4 native Hawaiian/Pacific Islander; there were
74 patients whose racial identity was Other/Unknown. We con-
sidered only the white and African American patients, given the
relatively small number of patients in the other racial groups.
Comprehensive assessments were available for 2217 of these
patients (409 African American and 1808 white), who form the
basis for the present analyses.

Organ System Involvement

The clinical manifestations of scleroderma were recorded
at cohort entry and as frequent as every 6 months thereafter
during follow-up appointments. Measurement of lung volumes
(forced vital capacity [FVC], forced expiratory volume in
1 second [FEV1], total lung capacity [TLC]) and diffusing ca-
pacity (DLCO) by pulmonary function testing (PFT) was stan-
dardized by sex and age'®!? and reported as percent predicted.
Visceral involvement was defined in the following manner. Re-
strictive lung disease was denoted when the lowest recorded
FVC was <70% predicted, provided the FEV1/FVC ratio >70%
indicated a nonobstructive pattern. Using Doppler echocardiog-
raphy, pulmonary hypertension was denoted for all patients with
an estimated right ventricular systolic pressure of >40 mm Hg,
as previously reported.?! For the subset of patients whose physi-
cian pursued a right heart catheterization evaluation, pulmonary
arterial hypertension was defined by a resting mean pulmonary
artery pressure >25 mm Hg in the setting of a pulmonary capillary
wedge pressure <15 mm Hg.

In addition, cardiac, renal, and gastrointestinal organ sys-
tem involvement was assigned according to the modified severity
scales of Medsger (MSS).?° In this manner, renal impairment
was documented for a renal severity score >2, corresponding to
a serum creatinine >1.7 mg/dL, >3+ proteinuria, or dialysis
dependence. Cardiac disease involvement corresponded to a
heart severity score >1, with electrocardiographic evidence of
a conduction defect, or of impaired left ventricular function
with an ejection fraction <50%. Gastrointestinal involvement
was noted for a gastrointestinal severity score >2; designating
high-dose medication for gastroesophageal reflux, an abnormal
small bowel series, malabsorption, episodes of pseudo-obstruction,
or upon requirement for parenteral nutrition. Further, digital ische-
mia was defined by Raynaud phenomenon with a severity score >2,
which corresponds to digital pitting, ulcers, or gangrene and
indicates the presence of tissue damage. Muscle weakness was
defined by muscle MSS >1, which equates to motor strength
of <5/5 in the upper or lower extremity proximal muscle groups.
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Modified Rodnan skin scores were also determined at clinical
appointments.

Given that disease features may vary with time, we char-
acterized the involvement of each major organ system by its
most extreme value at any recorded visit. Similarly, for each
individual patient evaluated at the center, the minimum recorded
value for each lung function parameter and heart ejection frac-
tion was used to define the greatest extent of pulmonary and
cardiac disease, respectively. For those patients who underwent
a right-sided cardiac catheterization, the maximum recorded values
for mean pulmonary arterial and pulmonary capillary wedge pres-
sures were noted. For the remaining patients, the severity of pul-
monary hypertension was assessed by the maximum estimated
right ventricular systolic pressure at echocardiography.

Statistical Analysis

We first examined the demographic and clinical profile of
the scleroderma cohort during this 20-year time span. Contin-
uously distributed and categorical variables were summarized as
means (+ standard deviation) and proportions, respectively. Next,
we assessed the proportion of patients who returned for follow-up
care at the center; the number of visits per patient at the center was
calculated. We determined the duration of care as the difference
in time between the final and the first visit to the Scleroderma
Center. Next, we assessed the association of demographic, sero-
logic, and clinical parameters with race, characterized as African
American versus white, using the Student t test for continuous
variables and the chi-square test for categorical variables.

Logistic Regression Analysis

Using univariate logistic regression analysis, odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated to
estimate the strength of association between race and the various
organ system manifestations of scleroderma. Next, the indepen-
dent contribution of race to organ system involvement was ex-
amined in multivariate regression models, with adjustment for
potential confounding due to age at diagnosis, sex, the limited
versus diffuse cutaneous subset of disease, and for disease dura-
tion at presentation to the Scleroderma Center. Specifically, the
analyses of race with prevalent restrictive lung disease are based
on spirometric measurement of FVC and are not race-adjusted.
We undertook stratified analyses based on disease subtype to
determine whether the association of race with visceral disease
manifestations varied in those with examination evidence of
the limited compared to the diffuse cutaneous subset of disease.
In addition, we examined the association of race with the var-
ious disease manifestations in strata defined by seropositivity
(versus seronegativity) to anticentromere and antitopoisomerase
antibodies.

Survival Analysis

We ascertained vital status in 2 ways. First, among both
the African American and white patients evaluated at the center,
approximately two-thirds returned for follow-up medical care. In
this subset of the cohort with longitudinal data, those who died
and their date of death were recorded in the center database.
Second, we examined the vital status of all 2217 patients in the
cohort using the Social Security Death Index. The cumulative
incidence of mortality following entry into the Johns Hopkins
Scleroderma Center database was estimated using Kaplan-Meier
analysis;'! the log-rank test was employed to examine whether
the incidence of death differed according to racial group.>* Cox
proportional hazards analysis was used to examine the indepen-
dent contribution of race to mortality, with adjustment for age at
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disease onset, sex, disease subtype, disease duration, and topo-
isomerase (Scl-70) serologic status.® We further adjusted for
2 measures of socioeconomic status, namely educational attain-
ment and health insurance status. Lastly, stratified analyses were
performed according to serologic status, cutaneous disease sub-
type, age stratum at disease onset, and sex. We examined for
possible secular trends by stratifying the cohort into those patients
who first presented to the center from 1990 through 1999, versus
those who presented from 2000 through 2009. All analyses
were performed using Stata IC 10.0; reported p values are
2 sided with o = 0.05.

RESULTS

Among the study population of 2217 patients, there were
409 African American and 1808 white patients with scleroderma
(Table 1). Whereas the distribution by sex was virtually identical
in both racial groups at 82% female, African American patients
presented to the center at a younger mean age than white patients,
at aged 47 compared to 53 years, respectively (p < 0.001). Simi-
larly, African American patients, on average, developed their
first non-Raynaud symptom of disease earlier in life than white
patients (42 vs. 47 yr; p < 0.001) and experienced a shorter time
before physician-diagnosis of disease (1.6 vs. 2.2 yr; p = 0.07).
Moreover, the interval from first non-Raynaud symptom of dis-
ease (or a physician diagnosis, whichever came sooner) before
the first evaluation at the Johns Hopkins Scleroderma Center
was briefer among African American, at 4.9 years, compared to
6.3 years among white patients (p = 0.001).

A higher proportion (93%) of African American patients
satisfied the ACR criteria for scleroderma compared to 81%
of white patients. In contrast, more than twice as many of the
white (18%) compared to the African American (7%) patients
satisfied 3 or more criteria of the CREST syndrome. Most no-
tably, whereas two-thirds of white patients manifested the limited
cutaneous subset of disease, this phenotype of scleroderma
was present among only 44% of African American patients
(p < 0.001). The majority of African American patients mani-
fested the diffuse cutaneous subset of disease.

The serologic profile of the cohort was related to its racial
distribution. Whereas the vast majority of all patients were se-
ropositive for ANA, present in 96% of the cohort, other auto-
antibodies varied. Specifically, the proportion seropositive for
anticentromere antibody was nearly 3-fold greater among white
patients, at 34%, compared to African American patients (12%;
p < 0.001). Similarly, 31% of African American patients had
autoantibodies to topoisomerase compared to only 19% of white
patients (p = 0.001). Anti-U1-RNP antibody was 3-fold more pre-
valent: found in 18% of African American compared to 6%
of white patients (p < 0.001). The frequency of RNA polymer-
ase III autoantibody was assayed in only 37% of the cohort; the
seropositive proportion was higher at 20% among white, com-
pared to 12% among African American patients, although this
difference was not statistically different (p = 0.13).

Overall, 1464 (66%) of the patients in the cohort returned
to the Scleroderma Center for follow-up rheumatology care, a
proportion that was indistinguishable between the 2 groups
(p=0.57). The median number of visits to the center was 2 among
white and 3 among African American patients with scleroderma.
We note that the mean number of years with longitudinal care at
the center was quite comparable between the 2 groups: 5.3 among
African American and 5.1 among white patients (p = 0.48).

Prevalence of Organ Involvement
As noted, just over half, or 56%, of African American
patients manifested the diffuse cutaneous subset of disease
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TABLE 1. Demographic, Disease Duration, and Serologic Profile Among 2217 White and African American Patients With SSc
Evaluated From 1990 to 2009 at the Johns Hopkins Scleroderma Center

Characteristic White (n = 1808) African American (n = 409) P
Female 1504 (83%) 334 (82%) 0.460
Age at 1st visit to SSc Center, yr 53+13 47+13 <0.001

Smoking status current or former*

Fulfilled ACR criteria

Fulfilled at least 3/5 CREST criteria

Median number of visits to SSc Center (range)
Number of patients with >1 visit to the SSc Center

Mean number of years of follow-up from 1st visit to
SSc Center among patients with >1 visitt (£ SD)

Scleroderma Duration, mean + SD
Disease duration at time of 1st visit to SSc Center, yri
Age of 1st non-RP symptom, yr§
Age of RP onset, yr|
Years from RP onset to 1st non-RP SSc symptom

Years from 1st non-RP SSc symptom to diagnosis of SSc by physician**

Serology
ANA
Anticentromere
Antitopoisomerase |
Anti-U1-RNP
Anti-RNA polymerase 111

931 (52%) 171 (43%) 0.001
1465 (81%) 381 (93%)
334 (18%) 27 (7%)
2 (1-26) 3 (1-30)
1189 (66%) 275 (67%) 0.570
512 +4.17 532+ 4.48 0.477
63+7.9 49+63 0.001
47+ 14 42+ 14 <0.001
43+ 15 41+ 14 0.008
34491 1.0 +54 <0.001
22+53 1.6 +3.7 0.0658
1230/1274 (96%) 264/274 (96%) 0.873
419/1243 (34%) 33/268 (12%) <0.001
215/1136 (19%) 79/257 (31%) <0.001
60/1052 (6%) 44/250 (18%) <0.001
155/757 (20%) 7/59 (12%) 0.13

Abbreviations: RP = Raynaud phenomenon, SD = standard deviation, SSc = systemic sclerosis (scleroderma).

*Data analyzed from 2193 individuals with data recorded regarding smoking status.

tData analyzed from time of 1st to last visit at the Scleroderma Center, or to date of death.

iData analyzed from 2211 individuals with a date of SSc onset (defined as 1st non-RP symptom or date of physician diagnosis).
§Data analyzed from 2202 individuals with a date of 1st non-RP SSc symptom recorded.

|Data analyzed from 2147 individuals with a reported date of RP onset.

YData analyzed from 2139 individuals with a reported date of RP onset and date of 1st non-RP SSc symptom.
**Data analyzed from 2195 individuals with a reported date of 1st non-RP SSc symptom and date of physician diagnosis.

compared to substantially fewer, only 33%, of white patients
(p < 0.0001). In univariate analysis, African American patients
experienced a higher prevalence of cardiac, muscle, digital is-
chemia, renal, and restrictive lung disease (Table 2). Cardiac
and renal organ system involvement, however, was of only
borderline statistical significance. In contrast, the frequency of
restrictive lung disease was markedly elevated in the African
American patients compared to their white counterparts (OR,
7.3; 95% CI, 5.5-9.9). The association with pulmonary hyper-
tension varied substantially in relation to the mode of ascertain-
ment. When the definition of pulmonary arterial hypertension
was restricted to those patients undergoing right heart cathe-
terization, a relatively small proportion of the overall cohort, no
difference in frequency was observed between the 2 groups. In
contrast, when a diagnosis of pulmonary hypertension was met
by either catheterization hemodynamics or by Doppler echocar-
diography, African American patients were found to experience a
40% greater frequency of pulmonary hypertension (OR, 1.4; 95%
CI, 1.1-1.7). Finally, in these univariate analyses, the association
of race with gastrointestinal organ system involvement was null
(OR, 0.9; 95% CI, 0.7-1.1).

Multivariate analysis was informative in several ways
(see Table 2). First, after adjustment for diffuse versus limited
disease subtype, sex, age at disease onset and antitopoisomerase
autoantibody status, African American patients continued to
demonstrate a greater prevalence of cardiac disease involvement
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(OR, 1.6; 95% CI, 1.3-2.2), digital ischemia (OR, 1.6; 95% CI,
1.4-2.2), renal impairment (OR, 1.6; 95% CI, 1.2-2.1) and
muscle involvement (OR, 1.7; 95% CI, 1.3-2.3). Moreover, the
greater prevalence of cardiac and renal organ system involve-
ment was strengthened and was clearly statistically significant.
In contrast, gastrointestinal organ system involvement remained
unrelated to race (OR, 1.0; 95% CI, 0.6-1.4). The presence of
pulmonary hypertension, as assessed by echocardiography alone,
or with right heart catheterization data when available, was not
related to racial status. However, in the multivariate analysis,
African American patients experienced a substantially height-
ened prevalence of restrictive lung disease (OR, 6.9; 95%
CL 5.1-9.4).

Lastly, we sought to ascertain whether the association of
prevalent organ system involvement varied in strata defined by
disease subtype or serologic status (see Appendix 1). In this
manner, cardiac involvement was twice as prevalent among
African American patients with limited cutaneous disease (OR,
2.2;95% CI, 1.5-3.3), but was unrelated to racial status among
patients with diffuse cutaneous disease (OR, 1.2; 95% CI,
0.8-1.8). Muscle disease was more prevalent in the African
American patients who were seronegative for topoisomerase and
centromere antibodies (that is, centromere seronegative OR, 1.8;
95% CI, 1.3-2.5) but not in the seropositive strata (centromere
seropositive OR, 0.9; 95% CI, 0.3-2.4). The association of dig-
ital ischemia with African American status similarly was operative
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TABLE 2. Association of African American Compared With White Race With Major Organ System Involvement in Scleroderma
Among 2217 African American and White Patients at the Johns Hopkins Scleroderma Center, 1990-2009

Organ System (by MSS) Univariate OR 95% CI Multivariate* OR 95% CI
Heartt n=1962 1.3 1.0-1.7 1.6 1.3-2.2
Muscle n=1941 1.9 1.5-2.5 1.7 1.3-23
Digital ischemiat n=2211 1.7 1.4-22 1.5 1.2-1.9
Gastrointestinal tract n=2214 0.9 0.7-1.1 0.9 0.8-1.1
Kidney n=1999 1.4 1.0-1.8 1.6 1.2-2.1
Pulm hypertension (RHC only) n=2217 1.0 0.6-1.8 0.8 0.5-1.5
Pulm hypertensioni (echo or RHC) n=2217 1.4 1.1-1.7 1.0 0.8-1.3
Restrictive lung diseaset§ n=1976 7.3 5599 6.9 5.1-94

Abbreviations: Pulm = pulmonary, RHC = right heart catheterization.

*Risk of organ system involvement adjusted for age at disease onset, sex, disease subtype, and disease duration.

TThis organ system involvement was further adjusted for smoking status.

1 This organ system involvement was further adjusted for FVC.

§Restrictive lung disease is defined as those patients with FVC <70% predicted, without spirometric evidence of obstruction.

in the seronegative, but not the seropositive, strata. In contrast, a
heightened prevalence of renal organ involvement was notable,
and more than twice as common, in the topoisomerase and cen-
tromere seropositive, but not in the seronegative, strata. Finally,
the relation of restrictive lung disease to African American race
was so great and so widespread, that this association was evident
in patients with both limited and diffuse disease subtypes, as well
as among seropositive and seronegative strata.

Survival Analysis

During the period of follow-up, a total of 700 (159 African
American and 541 white) patients died. The cumulative inci-
dence of mortality at 10 years following the initial evaluation at
the center was higher, at 43% versus 35%, in African American
compared to white patients with scleroderma (Figure 1; log-rank
p = 0.0011). Given the unequal distribution of age in these
2 groups, including the younger age at onset of Raynaud phe-
nomenon, at the onset of the first non-Raynaud symptom of
disease, and at first presentation to the Johns Hopkins Sclero-
derma Center among African Americans patients, we next ex-
amined the age-adjusted risk of mortality. After controlling for
age in Cox proportional hazards analysis, African American
patients experienced a 60% increase in risk of mortality com-
pared to white patients (Table 3; relative risk [RR], 1.6; 95%
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FIGURE 1. Kaplan-Meier cumulative survival by race.
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CI, 1.3-2.0). The relative risk of mortality rose modestly higher,
with further adjustment for disease duration at presentation to
the Scleroderma Center (RR, 1.8; 95% CI, 1.4-2.2).

Additional known host factors related to mortality risk, in-
cluding scleroderma-specific autoantibody status and the pres-
ence of diffuse cutaneous disease, were unequally distributed
between the 2 racial groups. When these parameters were incor-
porated into the multivariate models, the risk of mortality among
African American patients became somewhat attenuated, after
taking age, sex, diffuse cutaneous disease subtype, and seroposi-
tivity to antitopoisomerase antibody into account (RR, 1.6; 95%
CI 1.2-2.0). Results were essentially the same when seroposi-
tivity to anticentromere was substituted for antitopoisomerase
antibody in these analyses (RR, 1.7; 95% CI, 1.2-2.0).

To examine the possibility that socioeconomic factors as-
sociated with racial status might have an impact on the patients’
mortality profile, we incorporated, separately, measures of edu-
cational attainment and health-insurance status into these models
(see Table 3). Notably, compared to white patients, the risk of
mortality associated with African American race was reduced

TABLE 3. Risk of Mortality Associated With Race Among 409
African American and 1808 White Patients at the Johns
Hopkins Scleroderma Center, 1990-2009

Model* Relative Risk  95% CI

Unadjusted 1.4 1.1-1.7

Age-adjusted 1.6 1.3-2.0

Age, disease duration-adjusted 1.8 14-22

Age, duration, sex, subtype-adjusted 1.6 1.3-1.9

Age, duration, sex, subtype, 1.6 1.2-2.0
topoisomerase-adjusted

Age, duration, sex, subtype, 1.7 1.2-2.3
centromere-adjusted

Age, duration, sex, subtype, 1.3 1.0-1.6
education-adjusted

Age, duration, sex, subtype, health 1.3 1.1-1.6

insurance-adjusted

*Disease duration defined in years from age of scleroderma onset
until presentation to the Scleroderma Center.
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after adjustment for education (RR, 1.3;95% CI, 1.0-1.6) and for
health insurance (RR, 1.3; 95% CI, 1.1-1.6).

Lastly, we examined the impact of race on survival in strat-
ified analyses according to several key clinical, demographic, and
serologic parameters (Table 4). African Americans remained at
heightened risk for mortality in both the limited (RR, 1.4; 95%
CI, 1.0-1.8) and the diffuse (RR, 1.4; 95% CI, 1.1-1.8) cutaneous
subsets of disease. We note that the stratified analyses according
to age and sex clearly had an impact on the mortality risk pro-
file. In the patients aged older than 65 years at disease onset,
the fully adjusted risk of mortality was no different among
African American compared to white patients (RR, 1.0; 95%
CI, 0.6—-1.8). In contrast, in the stratum of younger patients,
aged less than 65 years, African Americans experienced a 50%
increase in adjusted risk of mortality (RR, 1.5; 95% CI,
1.2-1.8). Similarly, the heightened risk of mortality for African
Americans remained evident in the female (RR, 1.5; 95% CI,
1.2-1.8) but not in the male (RR, 1.2; 95% CI, 0.8—1.8) strata.
In relation to serologic status, in both the Scl-70 seropositive
(RR, 1.5; 95% CI, 0.9-2.6) and seronegative (RR, 1.7; 95% CI,
1.3-2.3) strata, African Americans experienced a heightened
risk of mortality, although this risk was statistically significant
only in the seronegative stratum. In contrast, in the anticentromere
antibody-positive stratum, African American race remained re-
lated to a 2-fold greater risk of mortality (RR, 2.0; 95% CI,
1.1-3.7), whereas in the seronegative stratum, this risk was more
modest and of borderline statistical significance (RR, 1.3; 95%
CL, 1.0-1.8).

CHRONOLOGIC REVIEW OF THE LITERATURE

Osler, The Principles and Practice of Medicine, 1901

At the turn of the 19th century, Sir William Osler>? reported
his experience at Johns Hopkins Hospital with 11 patients diag-
nosed with scleroderma. In the 4th edition of The Principles and
Practice of Medicine, he described key features of the disease
process, which continue to characterize this fibrotic disorder to
the present. Osler described cutaneous subtypes “circumscribed”
and “diffuse,” and the quality of affected skin as being “brawny,
hard, and inelastic,” the result of which is “a sense of stiffness
or tension in making accustomed movements.” In addition, “the
hands may become fixed and the fingers immobile, on account

of the extreme induration of the skin over the joints.” He also
described the female predominance of the disease, and noted that
“remarkable vaso-motor disturbances are common, as extreme
cyanosis of the hands and legs,” and that “patients are apt to
succumb to pulmonary complaints or to nephritis.” Osler does
not, however, make any reference to race in his description of
affected patients or as race may relate to disease outcomes.

Leinwand et al, Annals of Internal Medicine, 1954

In 1954, Leinwand et al'® reported a comprehensive pic-
ture of the clinical and pathologic features of scleroderma, based
on their experience with 150 patients amassed over 14 years
at New York University. They emphasized that scleroderma varies
in its course; dependent in large part on the number of organ
systems involved, and in relation to the severity of fibrosis in af-
fected tissues. The propensity to affect a large number of organs
was attributed to widespread involvement of the arterial circula-
tion throughout the body. They recognized that scleroderma in its
most extreme fulminant form may be rapidly fatal, and that in
their time, as remains the case today, curative therapy was lacking.
In terms of demographic features, these authors reiterated the
message that scleroderma is a female-predominant disease, with
108 (72%) of their patients being women. They conveyed their
impression that scleroderma was “largely a disease of white-
skinned people.” Specifically, this series of 150 patients includ-
ed only 3 black patients.

Tuffanelli and Winkelmann, Archives of
Dermatology, 1961

In 1961, Tuffanelli and Winkelmann*' reported a series of
727 patients with scleroderma, evaluated from 1935 through
1958, from the Section of Dermatology at the Mayo Clinic.
During this 24-year period, those with the systemic subset of
disease were dichotomized as having either acrosclerosis or
diffuse scleroderma. The former subset, acrosclerosis, was the
more common of the 2, occurring predominantly in women,
beginning in the hands and associated with altered pigmenta-
tion, telangiectasia, ulceration, and calcinosis. In contrast, the
diffuse subset portended a rapid course with an extremely poor
prognosis, but accounted for only 5% of the total series. The onset
of disease was frequently heralded by vasospastic phenomena,
cutaneous sclerosis, or arthritis; most patients experienced

TABLE 4. Risk of Mortality Associated With Race, Stratified by Various Serologic, Clinical, and Demographic Parameters, Among
409 African American and 1808 White Patients at the Johns Hopkins Scleroderma Center, 1990-2009*

Stratum Unadjusted RR 95% CI Adjusted RR 95% CI1
Scl-70 seropositive (n = 292) 1.5 0.9-2.6 1.5 0.9-2.6
Scl-70 seronegative (n = 1091) 1.5 1.1-2.0 1.7 1.3-2.3
ACA seropositive (n = 448; n = 33 AA) 24 1.3-4.4 2.0 1.1-3.7
ACA seronegative (n = 1053; n = 235 AA) 1.1 0.9-1.5 1.3 1.0-1.8
Diffuse subtype (n = 827) 1.2 0.9-1.5 1.4 1.1-1.8
Limited subtype (n = 1375) 1.1 0.8-1.5 1.4 1.0-1.8
Age >65 yr (n=217; n =24 AA) 0.9 0.5-1.6 1.0 0.6-1.8
Age <65 yr (n = 1985) 1.4 1.1-1.7 1.5 1.2-1.8
Women (n = 1826) 1.3 1.0-1.6 1.5 1.2-1.8
Men (n = 376; n =175 AA) 1.3 0.9-1.8 1.2 0.8-1.8
Ist visit to SSc Center 1990-1999 (n = 762) 1.23 1.0-1.6 1.3 1.0-1.7
Lst visit to SSc Center 2000-2009 (n = 1455) 1.30 1.0-1.7 1.5 1.1-1.9

Abbreviations: AA = African American.

*Relative risk of mortality adjusted for age at disease onset, sex, disease subtype (limited vs. diffuse), and topoisomerase seropositivity status.
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anorexia, weight loss, fatigue, and weakness. The authors
furnished detailed descriptions of disease and quantified the
frequency of major organ involvement in their series. Overall,
the female to male ratio was 2.9:1, with a mean age at disease
onset of 40 years. Among those with follow-up information,
70% were alive at 5 years, whereas 59% were alive at 10 years
after being diagnosed with scleroderma at the Mayo Clinic.
However, even in this largest series of scleroderma from the
first half of the 20th century, no information was furnished
regarding the racial distribution of the cohort.

Masi and D’Angelo, Annals of Internal
Medicine, 1967

In 1967, Masi and D’Angelo?? reported what is to our
knowledge the first population-based study of scleroderma.
They focused on the most severe end of the disease spectrum,
identifying all residents of Baltimore, Maryland, who died after
being diagnosed with scleroderma from 1949 through 1963.
The authors reviewed medical records and death certificate data
from all 20 Baltimore area hospitals during this 15-year period.
Each case had both cutaneous evidence of scleroderma and clin-
ical or pathologic evidence of at least 1 characteristically involved
internal organ. Age-, race-, and sex-specific mortality rates were
calculated for July 1956, the midpoint of the study, using United
States Census data from the 1950 and 1960 surveys to estimate
the population size of Baltimore. Overall, there were 53 reported
deaths among patients with scleroderma. Female cases predom-
inated over men in a ratio of 39:14 or 2.8:1. Twenty (38%) of the
patients were black. Next, population-based analyses focused
exclusively on the subset of 34 deaths arising among Baltimore
area residents. Whereas the majority of the Baltimore City popu-
lation was white during that time period, black women outnum-
bered white women among the scleroderma fatalities, in a ratio of
15:11 or 1.4:1. Importantly, the crude mortality rate among black
women, at 6.6 deaths per million, was 3-fold greater than among
white women with scleroderma, who died at a rate of 2.2 deaths
per million. Among men, however, the numbers were particu-
larly small, with only 2 black and 6 white male deaths among
Baltimore residents with scleroderma. Thus, in contrast to the
women, no racial difference in mortality was observed among the
men. Notably, this paper made a seminal contribution in high-
lighting the higher mortality rate among black compared to white
women; the black patients also died, on average, at a younger age.

Medsger and Masi, Annals of Internal
Medicine, 1971

In 1971, Medsger and Masi** reported a population-based
examination of the epidemiology of systemic sclerosis to ascer-
tain disease prevalence and incidence. They focused on Shelby
County, Tennessee, a geographic region encompassing the city
of Memphis. During the calendar period of 1947 through 1968,
a total of 86 patients were identified, hospitalized with a diagnosis
of scleroderma at 1 of 19 county-area hospitals. As a whole, the
peak age at diagnosis of scleroderma was in the 35-54 year range.
This paper was particularly influential in furnishing community-
based epidemiologic data at the sex, age, and race level, using
denominators derived from the 1960 census. During this time, the
Memphis metropolitan area consisted of 600,000 residents, 60%
white and 40% nonwhite. Among the 86 hospitalized patients
with scleroderma, just under half, or 38 (44%), were residents of
the county itself. Among these Shelby County residents, there
were 29 women and 9 men with scleroderma, corresponding to
a female to male prevalence ratio of approximately 3:1. Over the
22 years of the study, the incidence of scleroderma rose from
0.6 cases per million to 4.5 cases per million. Most importantly,
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this paper demonstrated that the incidence of scleroderma was
greater in black compared to white residents. Specifically, the
average annual age-adjusted incidence of scleroderma was
4.3 cases per million among black women compared to 3.6 among
white women; the corresponding rates were 1.6 compared to
1.2 in the men, respectively. It is notable that among the 4 sex-
race categories, black women had, on average, the earliest onset
of disease.

By focusing entirely on cases of scleroderma culled from
hospital discharges, the report by Medsger and Masi was skewed,
by design, to the severe end of the disease spectrum. In the same
vein, persons who manifested sclerodactyly and Raynaud phe-
nomenon alone were not included in the report. Thus, had auto-
antibody testing been available during this calendar period, the
calculated incidence of scleroderma would have most certainly
been higher. Nevertheless, by identifying discharge diagnoses of
scleroderma from all hospitalized patients in a well-defined geo-
graphic area, the authors were able to furnish incidence data on
scleroderma, for age, sex, and race strata, and to follow trends in
incidence rates over a 22-year period.

Lee et al, Quarterly Journal of Medicine, 1992

At the Wellesley Hospital in Toronto, Canada, Lee et al
evaluated mortality risk among 237 patients with systemic scle-
rosis, a cohort assembled from January 1979 through June 1990.
Each patient satisfied classification criteria for systemic sclero-
sis.? Overall, 35 (57%) of the cohort manifested restricted dis-
ease involvement (sparing the trunk), while 102 (43%) developed
diffuse skin thickening, including involvement of the trunk. The
frequency of heart, lung, and kidney involvement was comparable
among both the restricted and diffusely affected patients. How-
ever, isolated lung involvement, and the absence of any apparent
internal organ involvement, were more common in those with
restricted disease. During the period of follow-up, 61 patients (one-
quarter of the cohort) died. The presence of cardiac, renal, and
pulmonary organ involvement was each related to a heightened
risk of mortality. Most of the deaths attributed to underlying sys-
temic sclerosis were of pulmonary etiology compared to any other
single organ cause. Importantly, whereas age, as expected, was
an important predictor of mortality, with a 2-fold greater risk of
mortality related to disease onset at or greater than age 45 years,
neither sex nor extent of skin involvement predicted survival.

Notably, the fact that cutaneous disease subset did not
discriminate the survivors from the nonsurvivors may in part be
related to the use of a different discriminator than that fre-
quently used today. Specifically, the presence of restricted dis-
ease in the Wellesley cohort enabled any involvement of the
extremity, as long as the trunk was spared. In contrast, the di-
chotomy proposed by LeRoy and Medsger'® precludes invoking
limited cutaneous involvement among those with skin involve-
ment proximal to the elbow and knees in the upper and lower
extremities, respectively. This report from Canada, relatively
novel in its time in the use of multivariate analysis to identify
predictors of survival, did not enable examination of race as a
potential risk factor. The demographic composition of the cohort
was virtually entirely white, other than the 4 patients who were
black and the 9 who were Asian.

115

Laing et al, Arthritis & Rheumatism, 1997

Laing et al'® undertook a systematic effort to identify all
cases of scleroderma among women residing in the state of
Michigan over a 12-year period. From January 1980 through
December 1991, 514 state-wide cases were identified using a
5-pronged strategy. Specifically, all women aged 18 years and
older identified from 1) a comprehensive hospital discharge
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database in Michigan; 2) a University of Michigan hospitals
database; 3) a Wayne State University hospitals database; 4)
inquires to all in-state practicing rheumatologists; and by 5)
direct mailing to members of the Southeast Michigan chapter
of the United Scleroderma Foundation. Each woman either sat-
isfied the ACR criteria or was deemed to have probable sclero-
derma based on the presence of sclerodactyly and 1 other element
of the CREST syndrome. Chart abstraction was used to identify
internal organ involvement. Among a total of 533 eligible female
patients with scleroderma, 514 women were identified as being
either black (n = 117) or white (n = 397). It is noteworthy that
58 (49.6%) or half of the black women manifested the dif-
fuse subset, compared to only 99 (24.9%) of the white patients
(p < 0.001). In addition, black women were diagnosed with
scleroderma at a younger age compared to white women (44.5 vs.
51.5 yr, p < 0.001), apparent in both the diffuse and limited sub-
sets of disease.

In Michigan, the average annual incidence of scleroderma
was 14.1 cases per million women per year. This rate was
higher, at 22.5 per million among black women compared to
12.8 cases per million among white women (p < 0.001). Several
clinical manifestations of disease were more common among
black women, including pericarditis, pulmonary hypertension,
pleural effusions, myositis/myopathy, and renal insufficiency
(each p < 0.05). In addition, black women were more likely to
have an elevated erythrocyte sedimentation rate >40 mm/h
(p < 0.001). Antibodies to RNP were found in 22.4% of black
compared to 12.7% of white patients (p = 0.05). In contrast,
seropositivity to Scl-70 was equally prevalent, at 18%, in both
the black and white patients (p = 0.99). Overall survival at
7 years following a diagnosis of scleroderma was 76.5%, and
was similar among black (72.5%) and white women (77.5%,
p = 0.455). In further survival analyses, both age and the dif-
fuse (versus limited) cutaneous subset of disease were pre-
dictors of survival. Further, in age-adjusted analyses, black
women had a 2-fold greater risk of mortality (RR, 1.98; 95% ClI,
1.06-3.71). Yet, after further adjustment for age and diffuse dis-
ease status, race was no longer predictive of survival (p = 0.177).
At the time this epidemiologic paper was published, it con-
tained a particularly large number of black women with sclero-
derma and demonstrated a higher prevalence of diffuse disease, a
younger age at disease onset, and a greater severity of disease in
black patients, compared to white patients, including a height-
ened risk of mortality.

Greidinger et al, Chest, 1998

In recognition of the increasing importance of pulmonary
impairment as the leading organ-specific cause of mortality in
scleroderma,'> Greidinger et al,’ investigators at the Johns
Hopkins and University of Maryland Scleroderma Center, ex-
amined the contribution of autoantibody status and race in rela-
tion to spirometric measures of lung decline. In total, 191 patients
with the diffuse cutaneous subset of disease, satisfying ACR
criteria, were evaluated between 1990 and 1996. Among this
group, 39 African American and 59 white patients had both serial
PFTs and serum samples performed and available for analysis.
Approximately one-third of the patients were seropositive for
topoisomerase antibody, a proportion greater in African American
compared to white patients (44% vs. 20%; p <0.023). The African
American patients were younger, by approximately 9 years
(p <0.0001), at first PFT assessment at the Scleroderma Center.
In the linear regression analyses, both African American race and
topoisomerase seropositivity each contributed, independently,
to a 9% drop in the percent predicted FVC. This report helped
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clarify that in scleroderma, race may contribute to pulmonary
compromise above and beyond autoantibody status.

Nietert and Silver, Journal of Rheumatology, 2003

Nietert and Silver?® examined health care utilization pat-
terns among patients with scleroderma in South Carolina, fo-
cusing primarily on hospitalization rates and Emergency Room
(ER) visits across the state, from January 1996 to December 2000.
Their data set collects information for each ER visit and hospi-
tal admission at nonfederal and nonmilitary hospitals within the
state, assigning a unique identifier for each patient. In this man-
ner, multiple ER and/or inpatient stays are still ascribed to a single
individual. During this 5-year period, a total of 785 patients with
scleroderma were identified, corresponding to 4402 ER visits
and 2574 hospitalizations to a South Carolina hospital.

An immediately apparent demographic difference is the sig-
nificantly lower mean income level of black compared to white
patients. Further, although the number of admissions per patient
was identical (at 3.4) for both black and white patients, the num-
ber of admissions classified as an emergency was greater among
black compared to white patients, respectively (59.2% compared
to 48.5%). Black patients less often had private insurance com-
pared to white patients (29.8% vs. 37.9%, respectively) and more
often had Medicaid support (22.6% versus 3.5%, respectively).
We note that the incidence of both hospital admissions and ER
visits for patients with scleroderma residing in the state of South
Carolina was greater for black compared to white men, as for
black compared to white women; the only exception to this
pattern of racial disparity was in the older age groups for
women (aged 50-64 yr and >65 yr). Lastly, black patients were
less likely than white patients to receive care at the Medical
University of South Carolina, a major referral center in the
state for the evaluation and management of scleroderma.

Mayes et al, Arthritis & Rheumatism, 2003

Mayes et al>> examined the prevalence and incidence of
scleroderma, and related survival, in the greater Detroit, Michigan,
area. During the 1988-1991 calendar period, 1596 patients were
identified, 72% of whom had available medical records for re-
view. Ultimately, 706 (61%) patients satisfied classification cri-
teria for either definite or probable scleroderma; the latter group
uniformly had a rheumatologist-assigned diagnosis of sclero-
dactyly and at least 2 other features of the CREST syndrome. To
calculate prevalence and incidence rates, a reference popula-
tion was ascertained using the 1990 census data for the Detroit
metropolitan area. In this manner, the 706 confirmed cases cor-
responded to an overall disease prevalence of 242.0 cases per
million, a prevalence that was greater in women than men, at a
ratio of 4.6 to 1. In addition, the prevalence of scleroderma was
greater among black (315.1 cases per million) compared to white
(224.7 cases per million) residents (prevalence ratio of 1.15;
95% CI, 1.02-1.30). Mean age at diagnosis of scleroderma was
46 years, similar among both men and women. However, the
mean age was younger among black (41 yr) compared to white
(48 yr) patients, a finding consistent among men and women.

There were 169 incident cases of scleroderma identified
during the study period, corresponding to an annual incidence
of 19.3 cases per million. Disease incidence was greater among
women than men, with a female to male incidence ratio of 4.2:1.
The incidence of scleroderma was greater in black (23.7 cases
per million) compared to white (18.3 cases per million) partic-
ipants, although this difference was not statistically signifi-
cant. For both black women and black men with scleroderma,
the peak incidence of disease occurred between the ages of
45 and 54 years. Diffuse disease was much more common, at
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60%, among black patients compared to only 27% among white
patients. In contrast, anticentromere antibody was less common,
only 10% among black patients compared to a prevalence of
27% among white patients (p < 0.001). Topoisomerase anti-
body was equally common, at approximately 20%, among both
black and white patients. In this study, vital status was ascertained
using the hospital discharge database, medical chart review, and
the National Death Index. Overall, 215 patients died; median
survival was 11 years after a diagnosis of scleroderma was made.
Survival was 78% survival at 5 years, 55% at 10 years, and 27%
at 20 years. Notably, survival rates were greater for women than
for men. However, whereas survival was marginally worse
among black compared to nonblack patients during the first
12 years of follow-up, survival did not statistically differ accord-
ing to race (p = 0.42).

Nietert et al, Journal of Rheumatology, 2005

Using the aforementioned administrative database main-
tained by the South Carolina Office of Research and Statistics,
Nietert et al* examined racial, demographic, and clinical factors
associated with inhospital mortality related to systemic sclerosis.
During the 5 years from 1996 to 2000, a total of 140 deaths were
observed among 727 unique patients (and 2574 related hospital-
izations), corresponding to a 19% death rate among individual
patients, and a 5% death rate among hospitalizations, for patients
with a diagnosis of scleroderma. Overall, the 5-year incidence
rate of inhospital mortality was 23.0% among black patients
compared to 15.7% among white patients who resided in South
Carolina. In multivariate analyses, black patients experienced a
70% increase in mortality risk (OR, 1.70; 95% CI, 1.01-2.86).
This fully adjusted model included measures of educational at-
tainment and median household income, parameters themselves
associated with heightened inhospital mortality, including being
transferred from another hospital, being admitted on an emergent
basis, having multiple prior hospital admissions during the des-
ignated S-years, having an admission length of stay of greater than
10 days, and having a comorbid diagnosis of congestive heart
failure. It is noteworthy that having comorbid hypertension was
related to a 60% reduction in odds of mortality (OR, 0.41; 95%
CIL, 0.23-0.71).

Beall et al, Journal of Rheumatology, 2007

Beall et al® addressed the risk to develop pulmonary hy-
pertension at the Medical University of South Carolina, in
Charleston, among a cohort evaluated from November 1997 to
January 2004. All patients satisfied the ACR criteria and were
classified further as having limited versus diffuse disease based
on the criteria defined by Leroy et al.!® A total of 328 patients
were prospectively evaluated to ascertain the development of
pulmonary hypertension, defined as a peak right ventricular sys-
tolic pressure >40 mm Hg assessed by echocardiography, or as
a mean pulmonary artery pressure >25 mm Hg, assessed at right
heart catheterization. Of these 328 patients, 245 were white and
83 were African American. The African American patients with
scleroderma manifested the diffuse subtype of disease to a greater
extent (72% vs. 43%, p < 0.0001) than their white counterparts.
Overall, echocardiography was performed on 72% and right heart
catheterization on 7% of the cohort. On this basis, the authors
found that 18% of the white patients compared to 23% of the
African American patients developed pulmonary hypertension, a
difference that was not statistically significant. However, an in-
teresting observation was that the African American patients
were a full decade younger when their pulmonary hypertension
was diagnosed (49 vs. 61 yr; p < 0.001). A limitation of the
study is that the serologic status of the study participants was
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not identified, in terms of topoisomerase, centromere auto-
antibodies, or otherwise. As a result, one cannot ascertain the
contribution of race, above and beyond seropositivity for charac-
teristic scleroderma-associated autoantibodies, to the develop-
ment of pulmonary hypertension.

Assassi et al, Arthritis & Rheumatism, 2009

Molecular developments in recent years have facilitated
high volume human leukocyte antigen (HLA) allele genotyping
in clinical cohorts. These markers have been examined as poten-
tial predictors of clinical outcomes, including mortality. A prime
example is the Genetics versus Environment in Scleroderma
Outcomes Study (GENISOS), a prospective collaborative cohort
assembled from Houston, Galveston, and San Antonio, Texas.?
The GENISOS investigators focused on the influence of eth-
nicity on disease features, and assembled a cohort of 250 total
patients, among whom 122 patients where white (48.8%), 47 were
African American (18.8%), and 71 were Hispanic (28.4%). Ten
others consisted of 1 Native American and 9 Asian patients. The
cohort members underwent serologic evaluation for ANA, anti-
centromere antibody, antitopoisomerase antibody, and anti-RNA
polymerase III antibody as well as genotyping for HLA class II
alleles. Vital status was ascertained using the National Death
Index, and then 3 years later, in 2008, was reassessed using the
Social Security Death Index.

During the follow-up period, there were a total of 52 (20.8%)
deaths. Whereas in the age-adjusted models, African American
and Hispanic groups did not individually portend a heightened
risk of mortality, when categorized in aggregate as nonwhite
versus white patients, the nonwhite group demonstrated an
87% increase in mortality risk. Notably, the HLA 1II alleles,
DRB1*¥0802 and DQA1*0501, did not confer further risk in
mortality profile above and beyond the contribution of ethnic-
ity. Moreover, in the fully adjusted model, there were 7 variables
that were significant predictors of mortality, including older age,
reduced FVC, electrocardiogram evidence of arrhythmia, absence
of anticentromere antibody, hypertension, chest radiograph evi-
dence of pulmonary fibrosis, and body mass index below the
lower limit of normal. Interestingly, when the HLA II alleles were
added to this final fully adjusted model, they did, in fact, confer an
increase in risk of mortality, whereas the risk conferred by the
race/ethnicity categories (of African American and Hispanic
groups) were no longer statistically significant. Thus, it seems that
the risk associated with ethnicity operates, in large part, through
the HLA 1II gene alleles. Stated differently, the ethnicity status and
class II HLA alleles appear to operate via a common biologic
mechanism, as opposed to contributing via independent mecha-
nisms, to the mortality risk of the GENISOS scleroderma cohort.

Sharif et al, Journal of Rheumatology, 2011

Subsequently, the GENISOS investigators extended their
work regarding the association of HLA alleles and serologic
status by expanding the number of patients under study. A total
of 3033 patients with scleroderma enrolled in 3 specific cohorts
were examined in aggregate.3® Sera from the GENISOS study,
the National Institutes of Health/National Institute of Arthritis
and Musculoskeletal and Skin Diseases (NIH/NIAMS) Sclero-
derma Family Registry and DNA Repository, and the University
of Texas Health Science Center at Houston cohorts underwent
serotyping for antifibrillarin (or anti-U3-RNP) antibody and geno-
typing for HLA class II alleles. Given that fibrillarin antibodies
and HLA-DRB1*08 and DQB1*03:01 alleles are differentially
expressed at high levels in African American patients with
scleroderma, these parameters were examined in relation to sur-
vival outcomes.
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The primary analysis compared the mortality profile of
278 African American patients with scleroderma seropositive to
those seronegative for antifibrillarin antibodies; a third group of
328 African American controls without scleroderma was also
examined. At follow-up, 30% of the 50 antifibrillarin seropos-
itive African American patients compared to 29.5% of the
221 seronegative patients had died. Given the similarity of these
event rates, it was not surprising that in the survival analyses,
antifibrillarin antibody did not confer an increase in risk of mor-
tality (RR, 0.79; p = 0.49). In fact, none of the examined HLA
class II conferred an increase in mortality risk, either. Thus, nei-
ther antifibrillarin antibody nor the studied MHC class II ac-
counted for why some African American patients experience a
heightened risk of mortality. Lastly, the survival rate of the
50 antifibrillarin seropositive patients did not differ from that
of the 61 African American patients who were antitopoisom-
erase antibody positive.

Steen et al, Arthritis & Rheumatism, 2012

Steen et al3” presented their extended experience with 3148
consecutive patients with scleroderma evaluated at the Univer-
sity of Pittsburgh over 35 years, from January 1972 to December
2007; 203 patients were African American and 2945 were white.
Organ system involvement was ascertained at initial and follow-
up visits, upon review of managing physicians’ office records,
and via annual/biannual patient-completed questionnaires and
phone interviews. Each patient underwent ANA testing. The fol-
lowing serologic assays were performed on a subset of the co-
hort: anticentromere, antitopoisomerase I, anti-U1-RNP, anti-RNA
polymerase III, anti-U3-RNP, Ku, and anti-Th/To antibodies.
Vital status was assessed through the Social Security Death
Index. A higher prevalence of antitopoisomerase antibodies was
identified in African American patients compared to white pa-
tients (26% vs. 17%; p = 0.01), similarly observed for anti-U3-RNP
(19% vs. 3%, respectively; p <0.0001) and U1-RNP (18% vs. 5%,
respectively; p < 0.0001) antibodies. In contrast, anticentromere,
anti-RNA polymerase III, and anti Th-To antibodies were each
more prevalent among white patients (p value for anticentro-
mere antibody and RNP polymerase III each < 0.01). Of note,
skeletal muscle, pulmonary parenchymal, and gastrointestinal or-
gan system involvement were each more frequent among African
American patients. In contrast, pulmonary hypertension, cardiac,
and renal organ involvement did not differ by race. With regard
to survival, at both 5 years and 10 years after cohort entry, there
was an approximate 10% higher mortality rate among African
American patients compared to white patients, corresponding to
66% and 75% survival in African American and white patients,
respectively, at 5 years, and 51% and 60%, respectively, at 10 years;
p = 0.0063. Moreover, in age, sex, and disease subtype-adjusted
multivariate analysis, African American patients experienced a
68% increase in risk of mortality at 5 years after their initial eval-
uation at the University of Pittsburgh compared to their white
counterparts (RR, 1.68; 95% CI, 1.30-2.16).

Among the stratum of the cohort seropositive for anti-
topoisomerase antibody, the proportion with pulmonary fibrosis
was substantially higher, at 44%, among African American
patients compared to 18% (p = 0.0001) among white patients.
As such, even among patients seropositive for topoisomerase
antibody, a known predictor of pulmonary parenchymal involve-
ment, African American patients experience an excess and
statistically significant increase in pulmonary fibrosis and a
heightened risk of mortality. In contrast, in the strata of patients
seropositive for UI-RNP and those seropositive for U3-RNP
antibody, race did not confer a heightened risk of mortality.
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Although the proportion of patients with a high school or
higher education was higher among white than African American
patients (58% vs. 52%, respectively), this result was not statisti-
cally significant. It would still be of interest to know if adjust-
ing for socioeconomic status, via education or another measure,
in the multivariate modeling might have an impact on the risk of
mortality associated with race.

DISCUSSION

In the current study we review the largest cohort yet pub-
lished, to our knowledge, of well-characterized African American
patients at a single university center (Table 5). The study results
confirm and highlight that African Americans face an increase
in risk of severe scleroderma and its consequences. Across the
spectrum of the autoimmune rheumatologic disorders, a new
diagnosis of scleroderma too often augurs a challenging course
coupled with a poor prognosis.

The heightened risk of mortality observed in scleroderma
was emphasized in a seminal report?® consisting of 223 patients
diagnosed with scleroderma at the University of Pittsburgh be-
tween 1955 and 1969, together with 86 patients discharged from
a Memphis, Tennessee, area hospital from 1947 to 1968 with a
diagnosis of scleroderma. During this period, cumulative survi-
val at 7 years of follow-up was only 35%. Subsequently, among
237 patients enrolled from 1979 through 1990 and prospectively
followed at the Scleroderma Clinic at The Wellesley Hospital in
Toronto, the survival rates were 76%, 76%, and 61% at 3, 6, and
9 years of follow-up, respectively.!> A major interval develop-
ment contributing to this favorable trend in survival was the ad-
vent of angiotensin-converting enzyme inhibitor agents to treat
scleroderma renal crisis.*®#® Before the introduction of these
medications, death following the onset of renal crisis was essen-
tially universal within a year; in contrast, with the use of this vital
therapy, fatality may be averted and restoration of renal function
achieved in a subset of patients.*® Subsequently, among 706 ver-
ified cases of scleroderma identified in the Detroit area from
1989 to 1991, survival rates were 78% at 7 years and 55% at
10 years of follow-up.?>

Several demographic and clinical variables have been ex-
amined in the epidemiologic literature and identified as impor-
tant determinants of outcome in scleroderma. Such parameters
include the extent of cutaneous and visceral disease involve-
ment, as well as patient’s sex.'>152372529 Patients with the dif-
fuse cutaneous subset of disease faced a greater risk of mortality
as did those with renal, pulmonary, or cardiac organ involve-
ment.>>* Men who developed scleroderma had a more severe
prognosis than affected women.?>?> Yet, until the middle of the
20th century, reference to the association of race with phenotypic
features of scleroderma and to clinically relevant outcomes, in-
cluding survival, was absent from the medical literature. Earlier
studies were most informative for elucidating the characteristic
cutaneous subsets of disease and for describing the manifesta-
tions of internal organ involvement, but did not, to our knowl-
edge, address the role of race in relation to outcomes in
scleroderma.!4!

In contrast, over the last 50 years, several recurrent themes
have emerged regarding the role of race in the expression of
disease. These include the observations that compared to white
patients, African American patients experience a younger age
at disease onset, greater incidence and prevalence of disease,
a predilection to more severe disease manifestations, a distinct
serologic profile, and a worse prognosis.!'*22724 However, the
number of African American patients studied in prior re-
ports has often been relatively small (see Table 5), precluding
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completely reliable estimates. It remains important to ascertain
definitively whether race is independently related to disease
severity and mortality in scleroderma, above and beyond the
known contribution of the aforementioned key demographic,
clinical, and serologic predictors.

The research infrastructure of the Johns Hopkins Sclero-
derma Center provides a valuable opportunity to expand upon
prior reports and examine these clinically relevant questions.
The relatively unique aspect of this effort is the chance to ex-
amine these associations in a large disease cohort, consisting of
2217 patients assembled at a single university medical center over
a 20-year period, from January 1990 to December 2009. Impor-
tantly, 18% of the cohort was African American. To our knowl-
edge this is the largest single-center report of African American
patients with scleroderma (see Table 5), whose phenotypic pro-
filing includes dichotomization into limited versus diffuse dis-
ease, and ascertainment of each major organ system for potential
sclerodermatous infiltration, as ascertained in the context of the
medical care received at the center. The high proportions of
patients who underwent serologic evaluation and determination
of educational attainment and health insurance status are ad-
ditional major strengths, enabling determination in multivariate
analysis of the independent contribution of each of these known
risk factors for disease burden and outcome. The relatively large
cohort size further enables analysis of organ system involvement
and of mortality profile, with stratification by key demographic,
clinical, and serologic subsets, including cohort members who
are both seropositive and seronegative for scleroderma-specific
autoantibodies.

In the current Johns Hopkins Scleroderma Center cohort,
there were 409 African American and 1808 white patients with
scleroderma. African American patients presented to the center
at a younger mean age than white patients, developed their first
non-Raynaud symptom of disease earlier in life than white
patients, and experienced a briefer duration of time before es-
tablishment of a physician-diagnosis of disease. Whereas two-
thirds of white patients manifested the limited cutaneous subset
of disease, the majority of African Americans (56%) displayed the
diffuse subtype. As expected, based on these phenotypic differ-
ences, white patients had a 3-fold higher proportion seropositive
for anticentromere antibody compared to African American
patients, 31% of African American patients had autoantibodies
to topoisomerase compared to only 19% of white patients.

Overall, a total of 700 patients (159 African American and
541 white patients) died. The cumulative incidence of mortality
during 10 years of follow-up was higher, at 43% versus 35%, in
African American compared to white patients with scleroderma.
After adjustment for age and disease duration, African American
patients experienced an 80% increase in risk of mortality com-
pared to white patients. Further adjustment by sex, disease sub-
type, and scleroderma-specific autoantibody status, and for the
socioeconomic measures of educational attainment and health
insurance status, diminished these risk estimates. Yet, in the
fully adjusted multivariate model, relative to white race, African
American race was associated with a 30% increase in mortality
risk, although the risk estimate was of borderline statistical sig-
nificance. Further, the excess mortality associated with race per-
sisted in strata defined by age at disease onset, diffuse cutaneous
disease, anticentromere seropositivity, decade of care at the cen-
ter, and among women.

Limitations of the present report include first the relatively
small number of other racial and ethnic groups represented in
the cohort, including Native American, Asian, and Hispanic
American patients, and the inability to perform meaningful
statistical analyses in these groups. However, the large number
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of well-defined African American patients evaluated over the
20 years at a single center provided sufficient statistical power
to conduct informative multivariate analyses, often lacking in
many prior reports. Second, our experience is derived at a single
center, which has a potential impact on generalizability to other
regions of the country or to practice patterns at other facilities.
Third, although the majority of the cohort underwent serolo-
gic testing for topoisomerase, centromere, and U1-RNP auto-
antibodies, which is a major strength of the study design, we
were nevertheless unable to ascertain serologic status within
the cohort for other scleroderma-associated autoantibodies,
such as Th/To and anti-U3-RNP (antifibrillarin) antibodies.
HLA class II alleles were similarly not performed, which pre-
cluded examination of the contribution of these genetic markers
to clinical phenotype and outcome in our cohort. Further, alhough
we systematically evaluated phenotypic features of disease and
survival on all patients evaluated at our center, a first visit to the
center necessitated, by definition, survival long enough to be
referred for evaluation at a tertiary care facility. This referral
pattern may skew the severity, or clinical composition of the co-
hort, in relation to studies that are community-based and are
able to capture all incident cases at the population level.

We further note that the heightened risk estimates for re-
strictive lung disease in African Africans are based on spiro-
metric assessment of FVC. Given that national survey data in
the United States demonstrate that African Americans of par-
ticular height have, on average, lower lung function than whites,
the elevated estimates of restrictive lung disease in African
American patients with scleroderma must take into account the
known lower lung volumes observed among African American
people in the general American population.*'? As such, our find-
ings may overestimate the prevalence of restrictive lung disease
among African American patients with scleroderma. Further, in
the survival analyses, we are able to report only on vital status,
rather than on organ-specific causes of death. Lastly, whereas
several organ system manifestations of disease were more preva-
lent, and overall mortality was higher, among African American
patients with scleroderma compared to white patients, the present
observational cohort, notwithstanding its large size and diverse
composition, precludes a definitive attribution of causality
between scleroderma-dependent and scleroderma-independent
mechanisms.

In summary, in this large university-based scleroderma cen-
ter, African American patients experienced an increased preva-
lence of internal organ involvement, particularly of the heart,
renal, muscular, and pulmonary systems, and a heightened risk of
mortality. Given the younger age at diagnosis and at referral to
the Johns Hopkins Scleroderma Center, and the briefer dura-
tion of disease relative to the white counterparts, the heightened
risk estimates among African Americans were accentuated after
adjustment for these parameters in the cohort. It is noteworthy
that this excess risk persists, and is not fully explained, after
taking into account racial differences in frequency of the dif-
fuse cutaneous disease subset and in serologic status for topo-
isomerase and centromere autoantibodies. Yet, the excess in
risk associated with African American race is partially attenu-
ated by imbalance in measures of socioeconomic status, as
ascertained in this cohort, specifically health insurance status
and educational attainment. Our results support the notion that
African Americans face a more severe prognosis when afflicted
by scleroderma compared to white patients. Greater vigilance
and intensified screening efforts for visceral disease manifes-
tations ought to be considered in African American patients
with scleroderma, enabling the potential for earlier and more
intensive therapeutic intervention.
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APPENDIX 1.

The Association of African American Compared with White Race with Major Organ System Involvement in Scleroderma Among
2217 African American and White Patients at the Johns Hopkins Scleroderma Center, 1990-2009, Overall and According to
Serologic and Disease Subtype Strata

Organ System (by MSS) Univariate OR 95% CI Multivariate* OR 95% CI
Heartt n = 1962 1.3 1.0-1.7 1.6 1.3-2.2
Among those with diffuse SSc (n = 751) 1.1 0.8-1.6 1.2 0.8-1.8
Among those with limited SSc (n = 1211) 1.6 1.1-2.3 2.2 1.5-33
Among those +Scl-70 (n = 279) 1.9 1.0-3.5 2.1 1.1-3.9
Among those —Scl-70 (n = 1019) 1.4 1.0-2.0 1.8 1.2-2.6
Among those +ACA (n = 417) 2.2 1.0-4.6 2.0 0944
Among those —ACA (n = 983) 1.3 1.0-1.9 1.7 1.2-24
Muscle n = 1941 1.9 1.5-2.5 1.7 1.3-2.3
Among those with diffuse SSc (n = 735) 1.6 1.2-2.3 1.6 1.1-2.3
Among those with limited SSc (n = 1206) 1.6 1.1-2.4 1.9 2.3-2.8
Among those +Scl-70 (n = 285) 1.5 0.8-2.7 1.4 0.8-2.7
Among those —Scl-70 (n = 1066) 2.1 1.5-2.9 23 1.6-3.2
Among those +ACA (n = 438) 1.2 0.5-3.0 0.9 0.3-2.4
Among those —ACA (n = 1010) 1.8 1.3-2.4 1.8 1.3-2.5
Digital ischemiaf n = 2211 1.7 1.4-2.2 1.5 1.2-19
Among those with diffuse SSc (n = 829) 1.6 1.2-2.2 1.4 1.0-1.9
Among those with limited SSc (n = 1382) 1.6 1.2-2.2 1.6 1.1-2.2
Among those +Scl-70 (n = 294) 1.2 0.7-2.2 1.2 0.7-2.1
Among those —Scl-70 (n = 1098) 2.1 1.5-2.9 2.0 1.4-2.8
Among those +ACA (n = 452) 1.1 0.5-2.2 1.1 0.5-2.3
Among those —ACA (n = 1057) 23 1.7-3.2 2.1 1.5-3.0
Gastrointestinal tract n = 2214 0.9 0.7-1.1 0.9 0.8-1.1
Among those with diffuse SSc (n = 830) 0.9 0.6-1.2 0.8 0.6-1.1
Among those with limited SSc (n = 1384) 0.9 0.6-1.2 0.9 0.6-1.2
Among those +Scl-70 (n = 294) 0.8 0.5-1.3 0.8 04-1.3
Among those —Scl-70 (n = 1097) 0.9 0.7-1.3 1.0 0.7-1.3
Among those +ACA (n = 450) 0.6 0.3-1.3 0.6 0.2-1.3
Among those —ACA (n = 1058) 0.9 0.7-1.2 0.9 0.7-1.2
Kidney n=1999 1.4 1.0-1.8 1.6 1.2-2.1
Among those with diffuse SSc (n = 766) 1.1 0.7-1.6 1.3 0.9-2.0
Among those with limited SSc (n = 1233) 1.6 1.1-2.3 1.9 1.3-2.9
Among those +Scl-70 (n = 273) 24 1.0-5.5 24 1.0-5.6
Among those —Scl-70 (n = 1030) 1.0 0.7-1.5 1.2 0.8-1.9
Among those +ACA (n = 415) 3.0 1.4-6.7 2.6 1.1-6.1
Among those —ACA (n = 986) 1.0 0.7-1.5 1.3 0.8-1.9
Pulmonary hypertension} (RHC only) n = 2217 1.0 0.6-1.8 0.8 0.5-1.5
Among those with diffuse SSc (n = 830) 1.1 0.4-3.0 0.6 0.2-1.8
Among those with limited SSc (n = 1387) 1.1 0.6-2.3 0.9 0.4-1.9
Among those +Scl-70 (n = 294) 6.9 1.7-27.3 3.5 0.8-15.5
Among those —Scl-70 (n = 1099) 0.8 0.3-1.7 0.5 0.2-1.3
Among those +ACA (n = 452) 1.0 02423 0.7 0.1-3.1
Among those —ACA (n = 1059) 1.3 0.6-2.5 0.8 0.4-1.7
Pulmonary hypertensionf (echo or RHC) n = 2217 1.4 1.1-1.7 1.0 0.8-1.3
Among those with diffuse SSc (n = 830) 1.4 1.0-1.9 1.0 0.7-1.5
Among those with limited SSc (n = 1387) 1.4 1.0-1.9 0.9 0.7-1.4
Among those +Scl-70 (n = 294) 1.6 0.9-2.6 0.9 0.5-1.7
Among those —Scl-70 (n = 1099) 1.6 1.2-2.3 1.2 0.8-1.7
Among those +ACA (n = 452) 22 1.1-4.6 1.5 0.7-3.5
Among those —ACA (n = 1059) 1.6 1.2-2.1 1.1 0.8-1.5

(Continued on next page)
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APPENDIX 1. (Continued)

Organ System (by MSS) Univariate OR 95% CI Multivariate* OR 95% CI

Restrictive lung diseaset§ n = 1976 7.3 5.5-9.9 6.9 5.1-94
Among those with diffuse SSc (n = 765) 6.5 4.2-10.3 6.7 4.2-10.6
Among those with limited SSc (n = 1211) 6.7 4599 7.1 4.7-10.6
Among those +Scl-70 (n = 269) 6.4 2.8-14.6 6.2 2.7-14.2
Among those —Scl-70 (n = 1009) 5.8 3.9-8.6 5.7 3.9-8.6
Among those +ACA (n = 413) 7.0 3.1-15.7 6.8 3.0-15.5
Among those —ACA (n = 965) 4.9 3.3-7.1 4.8 3.3-7.1

FThis organ system involvement was further adjusted for smoking status.
{This organ system involvement was further adjusted for FVC.
§Restrictive lung disease is defined as those patients with FVC <70% predicted, without spirometric evidence of obstruction.

Abbreviations: ACA = anticentromere antibody, RHC = right heart catheterization, SSc = systemic sclerosis (scleroderma).
*Risk of organ system involvement adjusted for age at disease onset, sex, disease subtype, and disease duration.
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