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Abstract Systemic sclerosis (SSc) is a systemic autoim-
mune disease characterized by fibrosis of the skin and
internal organs, which can cause significant morbidity and
mortality. The prognostic factors for survival were not fully
evaluated in Asian population. We investigated the prog-
nostic factors for survival of SSc among Korean patients. A
total of 243 SSc patients were enrolled from Seoul National
University Hospital between 1972 and 2007. Age at onset,
gender, cutaneous subset, autoantibody status, major organ
involvement, and occurrence of malignancy were evaluated
with all-cause mortality as the end point. A multivariate
Cox proportional hazard model was used to retrieve the
prognostic factors for survival. During the follow-up of
1,967 person-years, 33 patients died. Old age at onset

(hazard ratio [HR] 7.4, 95% confidence interval [95% CI]
1.9–28.1), diffuse cutaneous subset (HR 2.5, 95%CI 1.1–5.9),
presence of anti-Scl-70 antibody (HR 3.0, 95% CI 1.2–7.1),
forced vital capacity less than 70% (HR 2.8, 95% CI 1.3–6.2),
and heart involvement (HR 4.2, 95% CI 1.7–10.2) were found
to be significant risk factors for mortality in multivariate
analysis. In Korean SSc patients, old age, diffuse cutaneous
involvement, anti-Scl-70 antibody, and internal organ in-
volvement are risk factors for mortality.
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Introduction

Systemic sclerosis (SSc) is a systemic autoimmune disease
characterized by fibrosis of the skin and internal organs,
possibly caused by genetic, environmental, and immuno-
logic dysregulation [1]. It is a very rare disease, affecting
1.96–22.8 persons per million per year, occurring mostly in
middle-aged women [2, 3]. Despite the significant
improvement of prognosis in these patients with the
introduction of angiotensin converting enzyme inhibitors,
the 10-year survival rate for those with disease is still less
than 70% [4–6].

The major cause of death in SSc is the involvement of
the internal organs, including lungs, pulmonary arteries,
and kidneys [6–11]. Several survival analyses performed in
Caucasian SSc patients showed that the presence of a
diffuse cutaneous subset, anti-Scl-70 antibody, pulmonary
vascular disease, interstitial lung disease, renal involve-
ment, and anemia are the risk factors for mortality [5–14].
Prognostic factors among Asian patients have been reported
for Japanese and Thai populations [15, 16]. The significant
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risk factors in the Japanese study [15] were Barnett type III
(diffuse), positive anti-Scl-70 antibody, and negative anti-
centromere antibody, while in the Thai study [16],
significant risk factors were age >45 years and cardiac
involvement. However, true survival risk factors are still
not apparent in Asian populations because interrelation-
ships among the clinical factors were not fully evaluated in
either study. Therefore, we decided to investigate the
survival risk factors in our single center cohort of Korean
SSc patients.

Patients and methods

Study population

This is a retrospective cohort study. A total of 243 SSc
patients were diagnosed as SSc in Seoul National
University Hospital (SNUH) between January 1972 and
2007, and all of them fulfilled the American College of
Rheumatology (ACR) preliminary classification criteria
for SSc [17]. Of these, we excluded 13 patients with

missing information regarding age and skin subset.
Finally, 230 study subjects were analyzed. The patients
were not limited to those visiting rheumatology clinic but
all the patients who were cared at SNUH under the
diagnosis of SSc were included.

The information for prognostic factors was collected as
follows: age at enrollment and at diagnosis, gender,
cutaneous subset, autoantibody status (anticentromere anti-
body, anti-Scl-70 antibody, and antiribonucleoprotein
antibody), and major organ involvement including kidneys,
heart, and lungs. The history of malignant diseases was
collected from the National Central Cancer Registry by
December 31, 2003. All SSc patients whose cancer status
was not recorded in that registry were actively followed up
for their cancer status in our outpatient department by June
2007. The survival status of patients was ascertained from
National Death Certificate database by December 31, 2005,
and the surviving SSc patients were actively followed up
for their disease status in our outpatient department by June
2007. Therefore, we could ascertain survival status of all
patients at June 2007. Among the 230 patients, 149 patients
were actively followed up at our institute until the end point

Table 1 Clinical and laboratory features of patients with systemic sclerosis

Variables Total (n=230) Deceased (n=33) Surviving (n=197) p valuea

N (%) N (%) N (%)

Age of diagnosis (years, mean ± SD) 43.7±14.0 47.4±13.5 43.0±14.0 0.001

Follow-up time (years, mean ± SD) 8.6±6.2 7.8±6.7 8.7±6.1 0.53

Gender Female 205 (89.1) 26 (78.8) 179 (90.9) 0.12
Male 25 (10.9) 7 (21.2) 18 (9.1)

Skin subset Limited 129 (56.1) 9 (27.3) 120 (60.9) 0.01
Diffuse 101 (43.9) 24 (72.7) 77 (39.1)

Anti-Scl-70 Positive 118 (53.6) 20 (62.5) 98 (52.1) 0.046
Negative 102 (46.4) 12 (37.5) 90 (47.9)

Anticentromere Positive 31 (13.6) 1 (3.0) 30 (15.4) 0.08
Negative 197 (86.4) 32 (97.0) 165 (84.6)

Anti-RNP Positive 41 (27.5) 4 (23.5) 37 (28.0) 0.85
Negative 108 (72.5) 13 (76.5) 95.(72.0)

FVC <70% 89 (38.7) 19 (57.6) 70 (35.5) 0.006
≥70% 141 (61.3) 14 (42.4) 127 (64.5)

Radiographic ILD Present 134 (60.1) 22 (71.0) 112 (58.3) 0.48
Absent 89 (39.9) 9 (29.0) 80 (41.7)

Heart involvement Present 20 (10.3) 11 (34.4) 9 (5.6) 0.001
Absent 174 (89.7) 21 (65.6) 153 (94.4)

Pulmonary hypertension Present 41 (27.3) 14 (53.8) 27 (21.8) 0.004
Absent 109 (72.7) 12 (46.2) 97 (78.2)

Renal crisis Present 6 (2.7) 2 (6.1) 4 (2.1) 0.38
Absent 218 (97.3) 31 (93.9) 187 (97.9)

Malignancy Present 13 (5.6) 4 (12.1) 9 (4.6) 0.33
Absent 217 (94.4) 29 (87.9) 188 (95.4)

RNP ribonucleoprotein, FVC forced vital capacity, ILD interstitial lung disease
a Cox proportional hazard model adjusted for age and sex between the deceased and the survivors
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of the study. Since it is difficult to define when the disease
begins, age at onset was defined as the age when the SSc
was diagnosed.

The cutaneous subset was classified as diffuse or limited
subsets based on the classification by LeRoy et al., focusing
on the extent of skin involvement; limited subset was
defined as those whose scleroderma was limited to the
hands, face, feet, and forearms [18]. Major organ involve-
ment was classified as follows: interstitial lung disease was
defined as the presence of bibasilar pulmonary fibrosis in
chest radiograph or high-resolution computed tomography

without any evidence of other lung disease. Lung involve-
ment was also analyzed based on forced vital capacity
(FVC) [19]. Renal involvement was defined as serum
creatinine over 1.2 mg/dl with elevation of blood pressure
simultaneously or with the presence of microangiopathic
hemolytic anemia. Heart involvement was defined as the
presence of major conduction disturbance, ventricular
arrhythmia, heart failure, or persistent pericardial effusion
≥2 months. Pulmonary hypertension was defined as systolic
pulmonary artery pressure >35 mmHg with echocardio-
graphic examination.

Fig. 1 Survival curves of sys-
temic sclerosis stratified by
significant prognostic factors.
a Age at onset (≤33, 34–44,
45–53, ≥54 years old). b Skin
subset (diffuse versus limited).
c Anti-Scl-70 antibody. d Lung
function (forced vital capacity
<70% versus≥70% of predicted
value). e Heart involvement
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The Institutional Review Board of Seoul National
University Hospital approved the study. Informed consent
was exempted due to minimal risk for patients.

Statistical analysis

The frequency and means for clinical characteristics
between the live and deceased patients were compared by
Cox proportional hazard model adjusted for age and sex.
Based on the backward elimination of the multivariate Cox
regression model with the options of SLstay (significance
level for the backward methods in SAS)=0.1 and SLentry
(value that is specified in the model statement in SAS)=0.1,
we selected the significant prognostic factors. The variables
with more than 10% missing value (anti-Scl-70 antibody,
antiribonucleoprotein antibody, pulmonary hypertension,
and heart involvement) were also included in the multivar-
iate analyses as a categorical variable to avoid distortion of
real associations due to nonresponse. All values were
presented as a hazard ratio with a 95% confidence interval.
The survival curves were made by the Kaplan–Meier
methods on the strata of specific variables. The 5-year
and 10-year survival times were calculated by the life table
method. All statistical tests were performed using SAS
Version 9.1 for Windows. The survival graph was obtained
with SPSS version 12 for Windows.

Results

Among the 230 SSc patients, 33 (14.3%) were deceased.
Cumulative 5-year survival and 10-year survival rates were
85.4% and 80.1%, respectively. Median survival time was
27.4 years. Total follow-up time was 1,967 person-years.
Mean age at onset was 43.7±4.0 years old, and the male to
female ratio was 1:8.

Clinical characteristics of the live and deceased patients
are compared in Table 1. Age at onset, cutaneous subset,
anti-Scl-70 antibody, impaired lung function (FVC<70% or
≥70%), heart involvement, and pulmonary artery hyperten-
sion were significantly different between the live and
deceased patients in univariate analyses adjusted for age
and gender. The survival curve of each condition is
described in Fig. 1. Mean survival times were significantly
different depending on the age at onset (Age<33 years,
28.3 years versus Age>54 years, 12.5 years, p=0.005),
cutaneous subsets (limited, 31.8 years versus 20.0 years,
p=0.002), FVC (FVC≥70%, 29.8 years versus FVC<70%,
21.4 years, p=0.034), or heart involvement (absence
26.6 years versus presence 12.5 years, p<0.001).

The multivariate Cox proportional hazard model
revealed old age at onset, diffuse cutaneous involvement,
the presence of anti-Scl-70 antibody, heart involvement,

and FVC<70% as the risk factors associated with mortality
(Table 2).

Discussion

In this study, we found that age, diffuse cutaneous subset,
the presence of anti-Scl-70 antibody, FVC<70%, and heart
involvement are the risk factors for mortality in Korean
patients with SSc. The results of our study are generally
consistent with the previous Caucasian cohort studies in
that aging, diffuse subset, presence of anti-Scl70 antibody,
and involvement of the internal organs are the survival risk
factors for SSc [5–14].

For lung involvement, FVC<70%, not radiologic lung
involvement, was a significant risk factor for survival in our
cohort. Although interstitial lung disease can cause signif-
icant morbidity and mortality [4], it has diverse clinical
courses ranging from stable, minimal involvement to severe
progressive respiratory failure [20]. These results suggest
that impaired lung function or the rate of decline might be
genuine risk factors of mortality rather than the simple
presence of any kind of impaired lung function [5, 21].

In this study, we could not find a significant association
for the presence of anticentromere antibody, scleroderma
renal crisis, or pulmonary hypertension with survival risk
factors in Koreans. This does not indicate that these clinical
variables are unimportant, but merely that they are
important for very few of our patients. Korean SSc patients
show low prevalence of anticentromere antibody (13.6% in
this study), renal crisis (2.7%), and isolated pulmonary
hypertension (2.1%) [22–24]. Low mortality (3.2%) of the

Table 2 Multivariate analysis for prognosis of systemic sclerosis
patients based on the Cox proportional hazards modela

Variables HR (95% CI) p value

Age (years)

≤33 1.0

34–44 1.7 (0.5–6.4) 0.408

45–53 3.0 (0.8–11.2) 0.095

≥54 7.4 (1.9–28.1) 0.003

Diffuse skin subset 2.5 (1.1–5.9) 0.038

Anti-Scl-70 antibody 3.0 (1.2–7.1) 0.015

FVC<70% 2.8 (1.3–6.2) 0.011

Heart involvement 4.2 (1.7–10.2) 0.002

Malignancy 3.6 (0.9–13.9) 0.062

HR hazard ratio, CI confidence interval, FVC forced vital capacity
a Backward elimination from the full model of age, sex, skin subset,
anti-Scl-70, anticentromere, anti-RNP, FVC70, pulmonary involve-
ment, heart involvement, pulmonary hypertension, renal crisis, and
malignancy
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patients with anticentromere antibody and high mortality of
the patients with renal crisis (33.3%) suggest that these
variables may contribute to survival. The pulmonary
hypertension was associated with mortality in univariate
analysis but failed to fit into the multivariate model since it
was tightly related with lung involvement.

In this study, 5-year and 10-year survival rates of Korean
patients were 85.4% and 80.1%, respectively. These values
are comparable to the reported 75–90% and 64–81% in
other populations [5–8]. Different survivals from different
studies may reflect the population structure or prevalence of
complication rates. The difference may also arise from the
different definition of survival. Some defined it from
diagnosis [6, 7] and others from the initial appearance of
symptoms [8, 9].

In this study, only those who fulfilled the ACR criteria
were included [17]. It has been reported that 15–39% of
SSc patients, especially patients in the limited cutaneous
subset, fail to satisfy the ACR criteria [18, 25]. Survival
rates of Korean patients would improve if we applied more
inclusive criteria for limited subset [18, 25].

There are several caveats in this study. First, the
population in this study was a single center patient cohort.
While a single center cohort often has the advantage of
collecting a homogeneous population with the same
diagnostic tools, it may not represent the Korean population
as a whole. Although our population includes more patients
who live in the Seoul area than in other areas, it does
include a nationwide population, and the epidemiologic,
clinical, and serologic characteristics of our cohort are very
similar to the reports from other cohorts studied in Korea
[22, 23] Second, this study has several limitations indige-
nous to retrospective study such as missing data and
misclassification. Since the pulmonary artery pressure was
not measured in all patients, some patients who had
dyspnea or chest pain might have been classified into
cardiac complications. Third, prevalence of anticentromere
antibody was very low in our population. The prevalence of
autoantibodies in systemic sclerosis can be different
geographically and ethnically. For example, the prevalence
of anticentromere antibody was reported to be lower in non-
Caucasian than Caucasian [26]. Our lower prevalence of
anticentromere antibody (13.6%) was consistent with
prevalences of anticentromere antibody in other Korean
studies (1.9–3.6%) [22, 23]. Fourth, prevalence of renal
crisis is low in our population. In addition to low
prevalence of anticentromere antibodies, rare renal crisis
seems to be another feature of Korean patients with SSc.
The previous Korean studies also reported 1.9~3.5% rate of
SRC [22, 23]. In conclusion, the risk factors for mortality in
Korean patients with SSc were age at onset, presence of
anti-Scl-70 antibody, diffuse cutaneous subset, forced vital
capacity of lung less than 70.0%, and cardiac involvement.

Our results suggest that patients with SSc have similar
prognostic factors regardless of their ethnic group.

Disclosures None
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