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Prevalence, Incidence, Survival, and Disease Characteristics of
Systemic Sclerosis in a Large US Population
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Brenda Cooper,5 Timothy J. Laing,6 and David Schottenfeld3

Objective. To estimate the prevalence, incidence,
survival, and disease characteristics of systemic sclero-
sis (SSc) in the Detroit tricounty area.

Methods. A census of SSc cases for the period
1989–1991 was conducted in the Detroit area, using
multiple sources for case identification. Diagnoses were
verified by medical record review. Capture-recapture
analysis was used to estimate the total SSc population.
Cases of localized scleroderma (morphea and linear
disease) were excluded.

Results. Based on 706 verified cases of SSc,
prevalence was initially estimated to be 242.0 cases per
million adults (95% confidence interval [95% CI] 213–
274), with an annual incidence of 19.3 new cases per
million adults per year (95% CI 12.4–30.2). Capture-
recapture analysis, based on the degree of overlap of
verified cases among multiple sources, resulted in a
revised prevalence estimate of 276 cases per million
adults (95% CI 245–310). Sex- and race-specific preva-
lence estimates were significantly higher for women
than for men, and for blacks than for whites. The
average age at diagnosis was significantly younger for
blacks than for whites. Compared with white patients,
black patients were almost twice as likely to have diffuse

disease (prevalence proportion ratio 1.86, 95% CI 1.48–
2.35). Median survival was �11 years. Factors nega-
tively affecting survival included male sex (hazard ratio
1.81, 95% CI 1.29–2.55) and older age at diagnosis
(hazard ratio 1.04, 95% CI 1.03–1.05).

Conclusion. This study establishes baseline esti-
mates of SSc occurrence and characteristics in a large
US cohort consisting primarily of black adults and
white adults. These data should facilitate research
regarding the role of geographic, ethnic, racial, and
environmental factors for this disease in comparison
populations.

Published estimates of the prevalence and inci-
dence of systemic sclerosis (SSc; scleroderma) vary
widely depending on the period of observation, methods
of case ascertainment, and the geographic area of study
(1–6; for review, see ref. 7). Reported US incidence
rates vary between 2.7 cases per million per year for the
time period 1947–1968 (2) and 18.7 cases per million per
year for the time period 1972–1982 (6). Similarly, US
prevalence estimates have varied from 138 cases per
million for the period 1950–1979 (4) to 286 cases per
million in 1985 (5). These discrepancies may reflect true
variation in disease occurrence among different popula-
tions or may be related to methodologic differences,
such as the degree of scrutiny applied or the classifica-
tion of disease.

Although survival in patients with SSc has im-
proved in the past several decades, it remains consider-
ably diminished compared with that in age- and sex-
matched populations (8–18; for review, see ref. 19).
Reliable estimates of overall survival as well as survival
by disease subtypes are important in order to gauge
effects of new treatment modalities or to document the
changing natural history of this disease. Dependable
incidence, prevalence, and mortality statistics are neces-
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sary to evaluate the health impact of this disease on the
population.

The aim of this study was to determine the
prevalence and incidence of SSc and survival rates in
patients with SSc by conducting a census of all patients
with SSc in the Detroit tricounty metropolitan area for
the years 1989–1991. This metropolitan area, consisting
of the counties of Wayne, Oakland, and Macomb, has a
large overall population with a substantial black compo-
nent (2.917 million adults, of whom 75.0% are white,
21.9% are black, and 3.1% are of other races [according
to 1990 US census data]).

PATIENTS AND METHODS

Case ascertainment and identification. Patients were
identified from the following sources: 1) the patient population
of hospitals and outpatient clinics affiliated with Wayne State
University/Detroit Medical Center, 2) the patient population
of the University of Michigan Medical Center, 3) patients from
the practices of Detroit area rheumatologists, 70% of whom
participated in this study, 4) a computer search of medical
records from all 55 area hospitals (including those in the
counties adjacent to the tricounty area) for patients discharged
with the diagnosis of SSc (International Classification of
Diseases [ninth version] code 710.1 [20]), and 5) the Southeast
Michigan chapter of the Scleroderma Foundation (formerly,
the United Scleroderma Foundation), a patient support group.

Verification of diagnosis. All cases were verified by
medical record review. Patients with definite SSc were defined
as those who met the American College of Rheumatology
(formerly, the American Rheumatism Association) criteria for
the classification of SSc (21). Patients defined as having
probable SSc had a rheumatologist diagnosis of SSc, docu-
mented sclerodactyly, and at least 2 other features of the
CREST syndrome (calcinosis, Raynaud’s phenomenon, esoph-
ageal dysfunction, sclerodactyly, and telangiectasia) and did
not meet the criteria for systemic lupus erythematosus (SLE)
(22). In the course of this study, several patients who initially
were classified as having probable SSc were seen at one of the
academic centers, and the features necessary for a diagnosis of
definite SSc were documented. In most cases of probable SSc,
the medical record was lacking documentation of features that
indicated a diagnosis of definite SSc. Subjects with either
definite or probable SSc were counted as cases. Additional
medical records were sought if a diagnosis could not be
determined from the first source.

SSc was designated as limited or diffuse on the basis of
the extent of skin involvement as documented in the medical
chart, according to the method described by LeRoy et al (23).
Limited disease was defined as skin thickness confined to areas
of the extremities below the elbows and below the knees.
Diffuse disease was defined as skin thickness involving the
proximal extremities or the trunk below the clavicles. If the
medical record did not include a description of the extent of
skin involvement but the above criteria were met, the case was
counted as SSc, but a designation of limited or diffuse was not

assigned. Cases of localized scleroderma (morphea and linear
disease) were excluded from this study.

Chart abstraction and data collection. Medical records
were abstracted by study personnel using a coding form
containing 74 clinical and laboratory variables (24). Each of
these variables was recorded as normal, abnormal, or not
performed. Autoantibody assessments were also recorded as
normal, abnormal, or not performed, except that the pattern
and titer of antinuclear antibodies were noted. All abstractors
were trained by study rheumatologists and were given several
practice charts to review while under the direct supervision of
the rheumatologists. The final diagnosis and eligibility for
inclusion were determined by one of the study rheumatologists
after reviewing the information on the abstract form. If the
diagnosis, eligibility, or other elements of the clinical data were
unclear, additional chart sources were sought and/or the
patient’s physician was contacted by telephone. The date of
diagnosis was defined as the date when scleroderma was first
mentioned in the medical record or the date when the first
non-Raynaud’s SSc-related symptom was documented in the
medical record.

The data abstracted from the charts were also used to
identify internal organ system involvement. Renal involvement
was defined as a serum creatinine level �1.8 mg/dl or a history
of hypertensive crisis. Pulmonary involvement consisted of
pulmonary fibrosis (defined as bibasilar fibrosis on a chest
radiograph or a chest computed tomography scan) or pulmo-
nary hypertension (if labeled as such in the chart or docu-
mented by Doppler echocardiography). Gastrointestinal in-
volvement was considered to be present if either esophageal
dysmotility or malabsorption was documented. Cardiac in-
volvement was not assessed due to incomplete documentation
and difficulty attributing cardiac disease to SSc rather than
other causes.

Determination of vital status. For all cases in which the
patient was not shown to be deceased according to the hospital
discharge database or medical chart review, a search of the
National Death Index through 1998 was performed to deter-
mine the patient’s vital status.

Criteria for inclusion. Patients were included accord-
ing to the following criteria: 1) a diagnosis of definite or
probable SSc according to the above classification system; 2)
not deceased prior to January 1, 1989, and SSc diagnosed prior
to January 1, 1992; and 3) resident in the Detroit tricounty
area for at least part of the time from January 1, 1989, through
December 31, 1991, according to their address as listed in the
medical record and/or as listed in a commercial guide of
household residences with dates of occupancy (Bresser’s
Guide, Detroit, Michigan). In addition, to be considered an
incident case, the patient had to reside in the area at the time
of diagnosis.

Statistical analysis. Prevalence and incidence esti-
mates were calculated using sex- and race-specific census data
provided by the 1990 US census for the Detroit metropolitan
area adult population (ages 18 years and older). Confidence
intervals (CIs) were obtained by assuming that the number of
cases followed a binomial distribution. Statistical tests for
equality of proportions were performed using standard chi-
square analysis.

Survival analysis was performed using a left-truncated
Kaplan-Meier estimate (25). We estimated the probability of
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survival as a function of time since diagnosis but included only
people “at risk” of death while they were under observation,
i.e., after January 1, 1989. This method adjusts for a bias
inherent in prevalence studies; that is, people with long
survival are more likely to be included than are those with
short survival. Expected survival probabilities for an age-,
race-, and sex-matched Michigan population were calculated
using published hazard data for the Michigan population (26).
Survival time comparisons, adjusted for age at diagnosis, were
performed using left-truncated Cox proportional hazards re-
gression (27,28). The model included age at diagnosis, race,
sex, and extent of disease (limited versus diffuse). Age at
diagnosis was included as a continuous variable in all models.

Using a method based on that described by Wittes et al
(29), capture-recapture analysis was performed to adjust for
case underestimation by evaluating the degree of overlap
among sources (number of cases captured by all 5 sources, by
4 sources, etc.) to estimate the total number of persons with
SSc in the population.

Human subjects approval. This study was approved by
the Institutional Review Boards of the University of Michigan
and Wayne State University.

RESULTS

Case ascertainment and verification. From our
multiple sources, 1,596 potentially eligible, unique pa-
tients were identified (Figure 1). This number excludes
duplicates, patients who may have been initially identi-
fied but later were determined to have died prior to
1989, and Scleroderma Foundation members who re-
ported themselves either as having localized sclero-
derma or as being friends and family members rather
than patients.

Of the 1,596 potentially eligible patients, 1,155
(72.4%) had medical records available for review. Med-
ical records of the other 441 patients (27.6%) were not

available for one of the following reasons: permission to
review records could not be obtained (365 patients
[22.9%]), the record was not provided in spite of multi-
ple requests (61 patients [3.8%]), or the hospital had
closed (15 patients [0.9%]).

Of the 1,155 patients whose records were re-
viewed by study personnel, 706 (61.1% of those reviewed
and 44.2% of the total pool of potential patients) were
eligible. Reasons for the ineligibility of the other 449
patients included a date of diagnosis of SSc after 1991
(88 patients [5.5% of total potential pool]), residence
outside the tricounty area during the prevalence period
(61 patients [3.8%]), residence not verified (18 patients
[1.1%]), localized scleroderma (either morphea or the
linear form of this disease) (48 patients [3.0%]), avail-
able records inadequate to establish the diagnosis (43
patients [2.7%]), or other diagnoses (usually, but not
always, related to connective tissue diseases, including
SLE, mixed connective tissue disease, or undifferenti-
ated connective tissue disease) (191 patients [12.0%]).

Of the 706 eligible patients identified, 595
(84.3%) met the classification criteria for definite SSc
(21), and 111 (15.7%) were considered as having prob-
able SSc. A comparison of definite versus probable cases
of SSc indicated no significant differences in the demo-
graphic characteristics of sex and race, the frequency of
CREST features, the frequency of anticentromere anti-
bodies (ACAs), or overall survival (data not shown).

The contributions of each of the 5 sources to the
final patient pool are shown in Table 1. The total for
each category represents the number of individual pa-
tients identified by that source; however, many patients
were identified by more than one source. A total of 328
eligible patients were identified by 1 source only, 255
were identified by 2 sources, 108 were identified by 3
sources, and 15 patients were identified by 4 sources. No
case was captured by all 5 sources. Of the 706 unique
patients included in this study, 603 (85.4%) were iden-
tified in the hospital database. Less than half of the
eligible subjects identified were patients from the aca-
demic centers (Wayne State University and the Univer-
sity of Michigan), with the remainder coming from the
hospital discharge search, private practices, and the
Scleroderma Foundation.

Prevalence of SSc. Table 2 shows the overall
age-adjusted prevalence of SSc, as well as the prevalence
by sex and race, in the study population. Based on the
706 verified cases, the overall prevalence of SSc was
determined to be 242.0 cases per million adults (95% CI
213–274). The female-to-male ratio was 4.6:1.0, with a
sex-specific prevalence of 389.8 cases per million female

Figure 1. Flow chart of systematic approach to case ascertainment
and verification.
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adults (1 case per 2,618 women), compared with 84.1
cases per million male adults (1 case per 11,905 men).
SSc prevalence was higher among blacks compared with
whites, with an adjusted prevalence ratio of 1.15 (95%
CI 1.02–1.30). Differences in prevalence between white
women and black women and between white men and
black men did not reach statistical significance (P �
0.089 and P � 0.179, respectively).

Although the mean (�SD) age at diagnosis was
not different for female and male patients (46.0 � 15.8
years versus 46.7 � 16.9 years; P � 0.692), the age at
diagnosis for black patients was significantly younger
than that for white patients (P � 0.001), among both
men and women. This correlates with the finding that
diffuse disease, which is characterized by both a younger
age at onset and a shorter interval between symptom
onset and diagnosis, was more common in the black
population.

Incidence of SSc. Table 3 presents the character-
istics of the incident cases (those newly diagnosed during
the period 1989–1991). One hundred sixty-nine patients
were identified, for an estimated annual incidence in the
US of 19.3 new cases of SSc per million adults. The

female-to-male ratio for incident cases (3.2:1.0) is dif-
ferent from that for prevalent cases (4.6:1.0), most likely
due to the survival differential between men and women
with this disease (see survival curves, below). The overall
age-adjusted incidence also differed between the black
population (23.7 cases per million) and the white popu-
lation (18.3 cases per million), but this difference did not
reach statistical significance. The adjusted incidence
ratio was 1.05 (95% CI 0.79–1.38).

Among incident cases, the mean age of patients
at diagnosis did not differ according to sex (P � 0.334).
However, age at diagnosis did differ by race, with SSc
occurring earlier in black patients compared with white
patients (P � 0.001). This difference was significant for
the comparison of age at diagnosis for all white patients
compared with all black patients (P � 0.001) and for
white women compared with black women (P � 0.001).
Age at diagnosis was not significantly different between
black male patients and white male patients, but the
number of patients in these subgroups was small.

The age-specific incidence of SSc according to
race and sex is illustrated in Figure 2. Among black
women, the peak incidence occurred between the ages

Table 1. Sources of eligible patients with scleroderma in Michigan*

Source

No. of patients
potentially

eligible
No. of patients

eligible

Academic centers (Wayne State University and University of
Michigan)

533 310

Hospital discharge search (Health Care Investment Analysts) 1,428 603
Scleroderma Foundation 464 236
Non-university rheumatologists 155 124
Other physicians and self-referrals 22 13

* Within a single source category, the patients are unique. However, there are overlaps among categories:
328 eligible cases were identified by only 1 source, 255 by 2 sources, 108 by 3 sources, and 15 by 4 sources.
No case was captured by all 5 sources.

Table 2. Prevalence and mean age at diagnosis of SSc in the Detroit tricounty area for the period 1989–1991*

Group

All subjects Women Men

No. (%)
Prevalence
(95% CI)

Age at
diagnosis,
mean �
SD years

No. (%
of all

subjects)
Prevalence
(95% CI)

Age at
diagnosis,
mean �
SD years

No. (%
of all

subjects)
Prevalence
(95% CI)

Age at
diagnosis,
mean �
SD years

Total 706 (100) 242.0 (213–274) 46.1 � 15.8 591 (83.7) 389.8 (353–430) 46.0 � 15.8 115 (16.3) 84.1 (68–104) 46.7 � 16.9
Black 186 (26.3) 315.1 (282–352) 41.0 � 14.6 157 433.5 (395–476) 40.8 � 14.5 29 103.9 (86–126) 40.4 � 15.5
White 505 (71.5) 224.7 (197–256) 48.1 � 15.9 423 370.6 (335–410) 48.1 � 15.7 82 78.4 (63–98) 48.3 � 17.0
Unknown/other

race
15 (2.1) – – 11 – – 4 – –

* Prevalence values are age-adjusted based on the Detroit tricounty area adult population of 2.917 million according to 1990 US census: 75.0% white
(2.189 million), 21.9% black (638,700), and 3.1% other (90,400). SSc � systemic sclerosis; 95% CI � 95% confidence interval.
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of 45 and 54 years, whereas the peak incidence among
white women occurred in the 65–74-year-old age group.
The peak incidence for black men paralleled that for
black women. The pattern for white men was less
distinct, with a gradually increasing incidence until the
ages of 75 to 84 years.

To estimate the extent to which this study was not
able to identify all incident and prevalent cases of SSc, a
capture-recapture analysis was performed (30,31). Ac-
cording to this analysis, an estimated 103 SSc cases were
not identified by our multiple sources. Therefore, the
revised prevalence estimate for the Detroit area was 809
cases, and the revised prevalence estimate for the US
was 276 cases per million adults (95% CI 245–310). The
revised estimate of the annual incidence was 21 new
cases per million adults per year (a 12% increase).

Survival. Two hundred fifteen deaths occurred in
this study population; median survival after diagnosis
was �11 years. Absolute survival was 77.9% at 5 years,
55.1% at 10 years, 37.4% at 15 years, and 26.8% at 20
years. As illustrated in Figure 3, the observed survival
was considerably less than the expected survival for a
population matched for age, sex, and race. Relative
survival (the ratio of observed to expected survival) was
62.6% at 10 years and only 35% at 20 years.

Figure 2. Age-specific incidence of systemic sclerosis by race and sex.

Figure 3. Overall survival from the time of diagnosis of systemic
sclerosis. Overall survival was considerably diminished from that
expected in a population matched for age and race. The percent
survival represents absolute survival at the time points listed.

Table 3. Annual incidence and mean age at diagnosis of SSc in the Detroit tricounty area, 1989–1991*

Group

All subjects Women Men

No. (%)

Annual
incidence
(95% CI)

Age at
diagnosis,
mean �
SD years No. (%)

Annual
incidence
(95% CI)

Age at
diagnosis,
mean �
SD years No. (%)

Annual
incidence
(95% CI)

Age at
diagnosis,
mean �
SD years

Total 169 (100) 19.3 (12.4–30.2) 52.2 � 15.2 133 (78.7) 28.5 (19.7–41.1) 53 � 14.9 36 (21.3) 9.0 (4.7–17.3) 51.8 � 16.4
Black 38 (22.5) 23.7 (15.8–35.4) 43.8 � 12.3 33 31.1 (21.9–44.1) 43.4 � 12.7 5 6.2 (2.8–13.6) 46.8 � 10.8
White 127 (75.1) 18.3 (11.6–28.9) 55.5 � 15.2 97 27.0 (18.5–39.4) 56.5 � 14.4 30 9.7 (5.2–18.2) 52.4 � 17.4
Unknown/other race 4 – – 3 – – 1 – –

* Incidence values are age-adjusted based on the Detroit tricounty area adult population. SSc � systemic sclerosis; 95% CI � 95% confidence
interval.
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Age at diagnosis significantly influenced survival
(P � 0.001). The risk of death increased 5% for each
1-year increase in age at diagnosis (hazard ratio [HR] �
1.04, 95% CI 1.03–1.05).

As illustrated in Figure 4A, survival for female
patients was better than that for male patients (for male
sex, HR � 1.81, 95% CI 1.29–2.55, P � 0.001), and this
difference became apparent early in the course of the
disease. Survival for black patients versus non-black
patients (Figure 4B) was marginally worse during the
first 12 years after diagnosis, but in general, survival for
both groups was comparable (for black race, HR � 1.15,

95% CI 0.82–1.61, P � 0.419). As illustrated in Figure
4C, diffuse disease appeared to be associated with a
poorer outcome than did limited skin involvement, but
this comparison did not reach statistical significance (for
diffuse disease, HR � 1.23, 95% CI 0.85–1.78, P � 0.28).
Figure 4D shows survival according to organ system
involvement. Renal involvement had a considerable
impact on both short-term (�5 years) and longer-term
(�10 years) survival. Pulmonary disease also contrib-
uted substantially to mortality, as did gastrointestinal
involvement. Even those individuals without involve-
ment of these specific organs had reduced survival. As

Figure 4. Survival plots, comparing patients with systemic sclerosis according to sex (A), race (B), skin involvement (C), and organ involvement
(patients with involvement of multiple organ systems were considered redundantly in these calculations) (D).
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noted above, cardiac disease was not included in our
record review.

Extent of disease. Among the 706 prevalent
cases, 473 patients (67.0%) could be characterized as
having either limited or diffuse disease. As illustrated in
Figure 5, diffuse disease occurred less commonly than
did limited disease among incident cases (33.8% versus
66.2%) as well as among prevalent cases (34.9% versus
65.1%), suggesting that this difference is not attributable
to the survival advantage of patients with limited disease.
In addition, we found a difference between racial groups
in the extent of disease. Overall, 60.3% of black patients
were designated as having diffuse disease, and 39.7%
were designated as having limited skin involvement. In
contrast, 26.6% of non-black patients had diffuse dis-
ease, compared with 73.4% with limited disease. The
proportion of black patients for whom the extent of
disease was not recorded was not different from that of
non-black patients with unknown disease extent (data
not shown).

Expressed as a prevalence proportion ratio, the
prevalence of diffuse disease among black patients was
1.86 (95% CI 1.48–2.35) compared with that among
white patients. However, the prevalence odds ratio
(POR) based on these data indicated that black patients
were 4.30 times more likely than white patients to have
diffuse disease (95% CI 2.77–6.69). There was no dif-
ference between the sexes with regard to disease extent,
and the proportions of disease type were roughly equal
in men and women (POR � 0.98, 95% CI 0.56–1.70).

Serology. Table 4 lists the serologic characteris-
tics of the prevalent cases according to race and sex.
Anticentromere antibodies (ACAs) were observed in

22.1% of the patients tested, and anti–Scl-70 (anti–
topoisomerase I) antibodies were found in 19.6%. No
individual had documentation of the presence of both
autoantibodies. ACA positivity was less common among
black patients than among white patients (P � 0.001), as
noted by other investigators (32,33), and was less com-
mon among male patients than among female patients
(P � 0.001). As expected with this autoantibody pattern
and as noted above, diffuse disease was more common in
the black population compared with the non-black pop-
ulation.

DISCUSSION

This study of prevalence and incidence is based
on the largest SSc population in the US assembled to
date. Multiple methods of case ascertainment were used,
and cases included both inpatients and outpatients iden-
tified from university referral sources, community phy-
sicians, and patient support groups. The observed prev-
alence (based on the 706 identified and verified cases) is
242.0 cases per million adults. The estimated prevalence,
using capture-recapture analysis of 809 presumed cases,
is 276 cases per million adults. A major assumption of
this method is that the sources of case ascertainment are
independent; that is, that identification by one source
(e.g., hospital discharge database) is not related to
identification by another source (e.g., physician office).
Although this assumption frequently is not valid, correc-
tion for dependency results in a larger estimate of total
cases was not done for this study (30,31).

Large population studies are necessary to provide
reliable estimates of the prevalence and incidence of
rare diseases. This approach, however, relies on avail-
able medical records, which frequently lack documenta-

Figure 5. Distribution of diffuse and limited disease in patients with
systemic sclerosis.

Table 4. Serologic findings*

Group

% ANA
positive (no.
positive/no.

tested)

% ACA
positive (no.
positive/no.

tested)

% Scl-70
positive (no.
positive/no.

tested)

Total 89.3 (482/540) 22.1 (112/506) 19.6 (39/199)
Race

White 90.1 (345/383) 27.0 (97/359) 18.1 (26/144)
Black 86.8 (125/144) 9.7 (13/134)† 22.0 (11/50)
Other/unspecified 92.3 (12/13)

Sex
Female 89.7 (410/457) 25.1 (107/427) 19.4 (32/165)
Male 86.7 (72/83) 6.3 (5/79)‡ 20.6 (7/34)

* ANA � antinuclear antibody; ACA � anticentromere antibody.
† P � 0.001 versus white race.
‡ P � 0.001 versus female sex.
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tion of key clinical, laboratory, or other diagnostic
testing. In clinical practice, a description of SSc features
such as digital pitting scars or scars of old ulcers may not
be documented in the physical findings but contribute to
the diagnostic impression. As noted above, this study
included probable as well as definite cases: probable
cases included patients in whom SSc was diagnosed by a
rheumatologist and who had documented sclerodactyly
plus at least 2 additional features of the CREST syn-
drome.

Even using this approach, an additional source of
potential underestimation was involved in case ascer-
tainment. Among the 1,596 unique individuals identified
as potentially eligible, medical records for 441 of these
patients (27.6%) were unavailable for review. Assuming
that the proportion of eligible individuals in this nonre-
viewed group would be the same as that in the group
whose medical records were reviewed (61.1% of patients
whose records were reviewed were eligible), an addi-
tional 265 cases would be added to our total. The 103
additional cases predicted by the capture-recapture ana-
lysis may be included in this group but would not
account for the entire number of potentially eligible
nonreviewed cases. Had the capture-recapture analysis
used less stringent assumptions, the predicted number of
cases would be greater but unlikely to increase by more
than double. The prevalence estimate reported here
should be interpreted as a conservative value.

Our estimate of an annual incidence of 19.3 new
cases per million adults per year (95% CI 12.4–30.2) is
similar to the incidence estimate of 18.2 per million
reported by Steen et al (6) for the period 1978–1982 in
Allegheny County, Pennsylvania. For the earliest study
period (1963–1967) in the same area of Pennsylvania,
these investigators reported a lower incidence of only 9.7
cases per million but speculated that the apparent
increase in SSc may have been attributable to improved
case detection rather than a true increase in incidence.
Our data would suggest that the annual incidence of SSc
has not increased but has been relatively stable, at least
during the period 1978–1991.

Our predicted prevalence of 242.0 cases per
million adults based on our 706 verified cases is similar
to the prevalence estimate of 286 cases per million
reported by Maricq et al (5), based on 2 cases of definite
SSc in a South Carolina population. However, the small
number of cases in the Maricq study precludes much
confidence in this estimate. Our capture-recapture ana-
lysis suggests that the true population prevalence is at
least 276 cases per million adults (95% CI 245–310), with

an annual incidence of 21 new cases per million adults
per year.

In contrast to this relative agreement among
recent US reports, similar epidemiology studies in other
countries suggest far lower SSc prevalence and incidence
estimates. In England, the prevalence of SSc has been
reported as 30.8 cases per million (based on 156 cases)
(34), in Japan the prevalence estimate is 38 cases per
million (based on 357 cases) (35), and in Iceland the
prevalence estimate is 71 cases per million (based on 37
cases) (36). These studies included both limited and
diffuse forms of SSc. Although methods of case ascer-
tainment and verification and the length of the study
period vary among these reports, it is unlikely that
methodologic differences alone account for this consid-
erable disparity. For example, the difference in point
prevalence between the British study and the current
report is 8-fold (30 cases per million versus 242 cases per
million). It would therefore appear that SSc occurs more
commonly in the US than in other countries in which it
has been systematically investigated.

Estimates of SSc occurrence similar to those in
our study were reported among residents of the Austra-
lian state of South Australia, by Roberts-Thomson et al
(37). Those investigators estimated the point prevalence
of SSc to be 233 cases per million (based on 348 cases),
with an annual incidence of 16 cases per million. In
contrast, a lower prevalence of SSc was reported in the
Australian city of Sydney (state of New South Wales)
(86 cases per million for 1988) (38). Reasons for the
difference between these 2 adjacent regions are not
clear. Similar female-to-male ratios and similar propor-
tions of limited and diffuse disease were reported in
both studies. The racial and ethnic backgrounds of
patients were not described in either report.

The highest prevalence of SSc has been reported
in a Choctaw Native American group in Oklahoma (660
cases per million, based on 14 cases) (39). Genetic
influences have been proposed to account for this in-
crease but have not yet been definitively identified (39;
for review, see ref. 40). In addition, no specific environ-
mental factors have been recognized (39).

In terms of serology, ACAs were found more
frequently in women than in men, a finding that has not
been reported previously. As in other studies, ACAs
were less frequent in black patients than in non-black
patients (32,33). Of the 20 prevalent cases involving
black men (5 of whom had limited disease), no individ-
ual had ACA positivity. Due to the retrospective nature
of this study and the fact that individuals were seen by
various physicians, a complete autoantibody profile was
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not available for all patients, nor was the designation in
the medical record regarding the extent of skin involve-
ment always clear enough to permit classification of the
disease as limited or diffuse.

For patients in this cohort, median survival from
the time of diagnosis was �11 years. This represents an
improvement in survival compared with the 35% survival
at �10 years from diagnosis reported by Medsger and
Masi in 1971 (2). The survival rates reported in different
studies vary widely, depending to a large extent on the
proportion of limited and diffuse disease in the cohort
(for review, see ref. 19). In the current study, survival
from the time of diagnosis was 77.9% at 5 years, 55.1%
at 10 years, 37.4% at 15 years, and 26.8% at 20 years.
Observed survival was substantially less than expected
for the case population overall as well as for all sub-
groups. The deleterious effect of renal involvement on
long-term survival likely does not reflect the new onset
of renal crisis late in the course of the disease, but rather
the fact that individuals who have experienced renal
crisis, most of whom are left with impaired renal func-
tion, have a poorer prognosis.

It should be noted that the mean age at diagnosis
for the prevalent case patients was 46.1 years (Table 2),
which is younger than that for the incident case patients
(52.2 years) (Table 3). This apparent discrepancy in age
at diagnosis between incident cases and prevalent cases
may be attributable to the survival advantage of younger
individuals in terms of all-cause mortality; that is, pa-
tients diagnosed at an earlier age have a greater likeli-
hood of surviving to be counted in the prevalence
period. Alternatively, older prevalent case patients
might have been systematically excluded if they were no
longer being followed up by rheumatologists or were not
hospitalized.

Both the prevalence and incidence of SSc were
higher in blacks than in whites, although the comparison
for incidence did not reach statistical significance. Inci-
dent cases in black patients may have been missed more
frequently than were incident cases in white patients if
there was a longer delay before diagnosis or a delay
before specialist referral for black patients compared
with patients of other races. Also, and as noted above,
because the mean age at diagnosis was younger among
black patients than among white patients, more black
patients may have survived to be counted in the preva-
lence group.

We found a rather marked difference in the
proportion of diffuse and limited disease between racial
groups (black patients were 1.86 times more likely than
non-black patients to have diffuse disease), suggesting

that disease expression is different between racial
groups. Alternatively, we could have missed cases of
limited disease among black patients due to a delayed
diagnosis or specialist referral compared with that in
other racial groups. If this were the case, then the
black/white differential in prevalence and incidence is
even higher than we report here. Although our data do
not permit us to resolve this issue, it is an important
consideration, because it affects our interpretation of
the role of genetic influences on disease occurrence and
expression.

In summary, both sex and race appear to have a
strong influence on the incidence (i.e., disease suscepti-
bility) of SSc, whereas race additionally influences dis-
ease expression, particularly age at onset and extent of
skin involvement. This implies that sex-related risk fac-
tors (e.g., hormonal, reproductive, sex-specific environ-
mental exposures and the like) may serve as or amplify
the initiating trigger for the disease, whereas genetic
factors may exert a stronger influence on disease
severity.

This study firmly establishes baseline estimates of
SSc disease occurrence and expression in a large US
population consisting primarily of black adults and white
adults residing in a metropolitan area. These data should
facilitate research regarding the role of geographic,
ethnic, racial, genetic, and environmental factors in SSc
susceptibility and disease expression in comparison pop-
ulations.
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