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Abstract

Background: Systemic sclerosis is a disease that has significant clinical heterogeneity. This study aims to determine
the causes and risk factors of death in a single center European League Against Rheumatism Scleroderma Trials and
Research Group (EUSTAR) cohort at the Peking Union Medical College Hospital (PUMCH) in China.

Methods: Patients clinically diagnosed with systemic sclerosis (SSc) between Feb 2009 and Dec 2015 were
prospectively recruited from the EUSTAR database and Chinese Rheumatism Data Center (CRDC) of the PUMCH.
Baseline and follow-up data were collected. Kaplan-Meier analysis was used to estimate survival, and Cox
proportional hazards regression analysis was used to identify factors associated with mortality.

Results: A total of 448 patients were included in the cohort, of whom 56.7% had limited cutaneous systemic
sclerosis (lcSSc). The average age at diagnosis was 42.8 ± 12.1 years. The prevalence of interstitial lung disease (ILD)
was 382/447 (85.5%). Among 402 patients, 348 of them took glucocorticoid during the disease course; 374 patients
received immunosuppressors. Across 2167 patient-years, 40 patients died. Of these, 27 deaths were attributable to
SSc, with pulmonary arterial hypertension (PAH) being the leading cause of death. The median survival time was
53 months. Survival rates from disease diagnosis were 97.0%, 94.6%, 91.1% and 87.8% at 1, 3, 5 and 10 years,
respectively. Independent prognostic factors for mortality were PAH (HR 6.248, 95% CI 2.855, 13.674) and arrhythmia
(HR 4.729, 95% CI 1.588, 14.082). Tripterygium wilfordii Hook F (TwHF) (log-rank test 7.851, p 0.005) and
methotrexate (MTX) (log-rank test 7.925, p = 0.005) were found in survival analysis to be protective treatments
against mortality. Patients who used cyclophosphamide (CTX) during the disease course had poorer prognosis
(log-rank test 5.177, p = 0.023).

Conclusions: In china, although there is a high prevalence of ILD in patients with SSc (85.5%), most of them have
reserved pulmonary function, which means that interstitial lung disease (ILD) is not the most important factor in
the death of patients with SSc and also is not a risk factor for poor prognosis. Only ILD with pulmonary dysfunction
is associated with poor outcome. The 10-year cumulative rate (87.8%) in patients with SSc in China is slightly lower
than the Europe, and pulmonary arterial hypertension (PAH) and arrhythmia at baseline are independent prognostic
factors, whereas PAH instead of ILD is the leading cause of death in patients with SSc. Interestingly, the Chinese
traditional medicine TwHF, as a protective factor for survival deserves further study.
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Background
Systemic sclerosis (SSc) is an autoimmune disease of un-
known etiology that is characterized by microvasculopa-
thy, immune system disturbances and increased tissue
deposition of collagen in the skin and internal organs.
The disease course is unpredictable and can remain rela-
tively stable or rapidly progress. Several clinical cohort
studies of SSc have been carried out in many countries
to determine the clinical features and survival prognosis
of patients with SSc [1, 2].
A number of studies suggest that SSc pathogenesis is

influenced by multiple factors such as geography and
ethnicity, whereas SSc prognosis is closely related to dis-
ease subtypes, antibody profile and visceral involvement
[3]. Some studies have revealed that the incidence of SSc
and diffuse cutaneous SSc (dcSSc) is higher in
African-Americans who have worse disease prognosis
[4]. A retrospective analysis compared clinical manifesta-
tions between Canadian patients of different descent and
showed that those of Chinese descent have less severe
disease, with less frequent gastrointestinal involvement
and less severe vasculopathy than patients of European
descent [5]. However, there have been limited clinical
and prognostic large-scale clinical analyses of patients
with SSc in China. A multicenter study conducted by
Jiucun Wang [6], including 419 Chinese patients with
SSc in Shanghai, Hebei Province, Sichuan Province and
Hunan Province, showed that there are significant differ-
ences in the proportion of clinical subsets and frequen-
cies of SSc-related autoantibodies compared to patients
of US Caucasian descent. Another study recruited 1479
Taiwan patients based on the health insurance data-
base and showed a lower incidence of SSc in Asian
countries than in the USA or Europe [7]. However, nei-
ther of these studies had analyzed the clinical character-
istics of patients with SSc in China.
Our previous study found that digital ulcers and tel-

angiectasia were common in Chinese patients with SSc,
with a prevalence of approximately 30% and 41.7%, re-
spectively, which was similar to those reported abroad
[8–11]. The differences in visceral involvement and
autoantibody spectrum will determine the prognosis of
Chinese patients with SSc. The aim of this study was to
determine the prognosis, the cause of death and the risk
factors for patients with SSc at a single Chinese center.

Methods
Patients
Patients clinically diagnosed with SSc between Feb 2009
and Dec 2015 were prospectively recruited from the
European League Against Rheumatism (EULAR) Sclero-
derma Trials and Research Group (EUSTAR) and Chin-
ese Rheumatism Data Center (CRDC) database of the
Peking Union Medical College Hospital (PUMCH).

Diagnosis of SSc was fulfilled according to the 2013
American College of Rheumatology (ACR)/EULAR cri-
teria. Ethics committee approval was obtained for the
EUSTAR and CRDC study and all subjects provided in-
formed written consent.

Data collection
Patients were mainly followed up by outpatient visits at
intervals of 6 months to 1 year. Demographic, clinical
and laboratory data were collected and entered into a
database according to consolidated regulations. Patients
whose last follow-up date was more than 1 year from
May 2016 were followed up by telephone.
Patients were classified into limited and diffuse cuta-

neous subsets based on the definition of Leroy et al.
[12]. Identification of peripheral vascular involvement
included Raynaud’s phenomenon (RP), fingertip ulcer,
loss of finger pads/pitting scars and telangiectasia. Iden-
tification of lung involvement included interstitial lung
disease (ILD) and pulmonary arterial hypertension
(PAH). ILD was defined as ground glass opacification or
fibrosis on high-resolution computed tomography
(HRCT). PAH was defined as a mean pulmonary arterial
pressure > 25 mmHg at rest, together with pulmonary
capillary wedge pressure < 15 mmHg determined by
right heart catheterization or pulmonary artery systolic
pressure (PASP) > 40 mmHg at rest based on an echo-
cardiogram test. Those who only took echocardiogram
test and hadn't taken right heart catheterization once in
series and had maximum tricuspid regurgitant velocity
(TRV) and pulmonary artery systolic pressure (PASP) of
2.9–3.4 m/s and 37–50 mmHg, respectively, were ruled
out as diagnosis of PAH could not be confirmed [13].
Cardiac involvement included arrhythmia, left ventricu-
lar dysfunction (LVEF< 50%), decline of left ventricular
diastolic function, pericardial effusion and valvular
disease that could not otherwise be explained. Gastro-
intestinal involvement, according to the definition in
the EUSTAR database, including esophageal (based on
the presence of heartburn, regurgitation or dysphagia
symptoms), gastric (based on clinical symptoms of
early satiety, flatulence and vomiting) and intestinal
involvement (diarrhea or constipation together with
pseudo-obstruction secondary to small bowel involve-
ment), in the absence of other explainable causes like
treatment, cancer, etc.
Age at disease onset was defined as the age at first

non-RP SSc manifestation, and age at disease diagnosis
was defined as the age when SSc was diagnosed by a
specialist. Length of follow up was defined as the time
between the date of SSc diagnosis and last visit or death.
Disease duration was defined as the time between the
first non-RP SSc manifestation and last visit or death.
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Patients who were ≥ 60 years old at the time of disease
onset were defined as having late-onset SSc.
Survival status was determined through the end of

May 2016 based on database records or telephone tra-
cing of patients for whom no data in the database had
been entered for ≥ 12 months. The final status of loss to
follow up was defined as having no data entered for ≥
12 months with a failure to contact the patient on least
two attempts. Data on cause of death were collected via
medical records for patients who died in the PUMCH or
for whom death certification was provided by relatives of
patients who died in other hospitals. Deaths attributable
to SSc were based on evaluation by three experienced
rheumatologists from PUMCH.

Statistical analysis
The data were analyzed using SPSS 19.0 and differences
between groups were analyzed by analysis of variance
(ANOVA), the Mann-Whitney test or the chi-square
(χ2) test, depending on the distribution of the variables.
Bivariate odds ratios with 95% confidence intervals (CI)
were calculated. Kaplan-Meier analysis was used to esti-
mate survival from the date of diagnosis, with the
Mantel-Haenszel statistic (log-rank test) used to analyze
differences in survival. Cox analysis and logistic regres-
sion analysis were used to obtain independent risk fac-
tors for SSc prognosis.

Results
Clinical and laboratory characteristics
A total of 448 patients with SSc were recruited for this
study and 90.4% (405) were female. Limited cutaneous
SSc (lcSSc) (254, 56.7%) was more common than dif-
fused cutaneous SSc (dcSSc) (194, 43.3%). Overlap syn-
drome was present in 36 patients (8%). The mean age at
disease onset and diagnosis was 39.0 ± 12.5 (8–75 years)
and 42.8 ± 12.1 years, respectively. A significantly greater
number of patients experienced disease onset at age<
60 years (427 vs. 21). Across 2167 patient-years, the me-
dian disease duration and length of follow up was
7.0 years (0.01, 49.4) and 53.5 months (0.25, 365), re-
spectively. The majority of the cohort was Han Chinese,
but 11 ethnic minorities were also included (4 Manchus,
5 Mongolian and 2 Korean). Past history of cardiovascu-
lar and respiratory diseases was as follows: 47 patients
had a history of hypertension, 9 had previous coronary
heart disease, 6 had previous cerebrovascular disease, 1
had rheumatic heart disease and 1 had silicosis.
Raynaud’s phenomenon was the most common per-

ipheral vascular involvement in patients with SSc in this
cohort (424, 94.6%), 72.3% of whom (315) presented
with Raynaud’s phenomenon as the first disease mani-
festation at disease onset. More than half of the patients
(271 patients, 60.5%) had different respiratory symptoms,

with shortness of breath after exercise (250, 55.8%) being
the most common, followed by cough (106, 23.7%) and
dyspnea (38, 8.5%). Most (358 patients, 80.1%) were diag-
nosed as having SSc-ILD at baseline, whereas 55 had con-
current ILD and PAH.
Pulmonary function test (PFT) had been undertaken

in 80.8% of patients (n = 362) at baseline, and the mean
± SD for forced expiratory volume in 1 s (FEV1), total
lung capacity (TLC), forced vital capacity (FVC), diffus-
ing capacity for carbon monoxide (DLCO)% on PFT
were 82.1 ± 15.4, 7.8 ± 17.5, 81.2 ± 17.0, and 62.2 ± 20.0,
respectively. Other organs involved at baseline are
shown in Table 1. Elevated erythrocyte sedimentation
rate (ESR) occurred in 121 patients (30.9%). C3 and C4
levels at baseline were 1.03 ± 0.25 g/L (in 314 cases)
and 0.20 ± 0.09 g/L (in 312 cases), respectively. The
average immunoglobulin G (IgG) level was 15 mg/dl
(6.5, 52.2). Antinuclear antibodies (ANA) were seen in
97.7% of patients (336/344), whereas the presence of

Table 1 Clinical features at baseline and during follow up

Total Incident

N = 448 N = 448

Baseline, number (%) Follow up, number

Vascular involvement 430 (96.0) 10

Raynaud phenomenon 424 (94.6) 11

Fingertip ulcer 128 (28.6) 19

Loss of finger pad 137 (30.6) 20

Telangiectasia 153 (34.2) 39

Arthritis 121 (27.0) 66

Muscle involvement 44 (9.8) 11

Pulmonary interstitial
disease (ILD)a

358/447 (80.1) 24

Pulmonary arterial
hypertension (PAH)

67/359 (18.7) 11

Gastrointestinal involvement 274 (61.2) 38

Esophagus 243 (54.2) 40

Gastric 115 (25.7) 20

Intestinal 67 (15.0) 13

Cardiac involvement 177/397 (44.6) 97/411

Arrhythmia 16/396 (4.0) 13/412

LVEF < 50% 1/396 (0.3) 3/411

Left ventricular diastolic
dysfunction

69/396 (17.4) 70/411

Pericardial effusion 57/396 (14.4) 53/411

Valvular disease 88/396 (22.2) 70/412

Renal crisis 5 (1.1) 0

Skin Rodnan score 6 (0, 43) –

LVEF left ventricular ejection fraction
aPulmonary interstitial disease: one patient diagnosed with silicosis at first visit
was excluded
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anti-ribonucleoprotein (RNP) antibody was less fre-
quent (90/344, 26.2%). Anti Scl-70 and anticentromere
antibody (ACA) were present in 46.8% (169/361) and
16.5% (48/291), respectively, of patients, 3 of whom
were double positive for anti Scl-70 and ACA.
During follow up (53 months (0.25, 365)), 24 patients

developed pulmonary interstitial diseases, and the preva-
lence of ILD reached 85.5%. PAH was identified in 78/
361 patients, accounting for 21.6% of the cohort, and 63
patients had both PAH and ILD. Arrhythmia was
present in 29 patients: among those with arrhythmia,
only 5 patients experienced palpitations and other
symptoms. At baseline, one patient had ovarian can-
cer and one had thyroid carcinoma, whereas two pa-
tients developed tumors during the follow-up period,
including one with lung adenocarcinoma and one
with leukemia.
Among 402 patients, 348 of them took glucocorticoid

during the disease course: 374 patients received immuno-
suppressors and 43 of them took only immunosuppressors;
11 patients took neither glucocorticoid nor immunosup-
pressors. Among patients who used immunomodulators
during follow up, 250 patients took cyclophosphamide
(CTX), 2 took cyclosporin (CsA), 28 took mycophenolate
mofetil (MMF), 5 took tacrolimus, 2 took azathioprine
(AZA), 9 took leflunomide (LEF), 103 took TwHF,
108 took MTX and 29 took hydroxychloroquine
(HCQ); 102 patients used two immunomodulators at
the same time and 19 used three immunomodulators
at the same time.

Survival analysis
The 448 patients with SSc were followed up for a total
of 2167 patient-years. The median survival time for the
patient cohort was 53 months (0.25, 365). Survival rates
from disease diagnosis were 97.0%, 94.6%, 91.1% and
87.8% at 1, 3, 5 and 10 years, respectively (Fig. 1). The
cumulative survival rates at 1, 3, 5 and 10 years in pa-
tients with lcSSc were 97.6%, 94.2%, 91.1% and 89.1%,
respectively, whereas for patients with dcSSc the rates
were 96.3%, 95.1%, 91.2% and 87.0%, respectively.
No significant differences were seen in subgroup sur-

vival analysis according to subtypes (log-rank test 0.002, p
= 0.968), baseline vascular (log-rank test 2.407, p = 0.121),
joint (log-rank test 2.868, p = 0.090), muscular (log-rank
test 1.009, p = 0.315), gastrointestinal (GI) involvement
(log-rank test 0.027, p = 0.870), gender (log-rank test
0.014, p = 0.907) and age of disease onset (log-rank test
0.249, p = 0.618) (Additional file 1: Figure S2).
The median modified Rodnan skin score (mRSS) was

6 points (0, 43) in this cohort. According to the distribu-
tion of skin scores, 87.5% of patients had a skin score <
16 points. Patients with higher skin score (mRSS > 15)
had a poorer prognosis (log-rank test 7.977, p = 0.005).
However, survival was better in patients who had no re-
spiratory symptoms (Additional file 1: Figure S1) and
less pulmonary dysfunction (FVC% < 70%, log-rank test
14.58, p = 0.000, DLCO% < 60%, log-rank test 23.58, p =
0.000) (Fig. 2).
No significant differences were seen in subgroup sur-

vival analysis according to use of HCQ (log-rank test

Fig. 1 Survival curve and subgroup study of patients with systemic sclerosis (SSc) in the Peking Union Medical College Hospital (PUMCH) cohort.
lcSSc, limited cutaneous SSc; dcSSc, diffuse cutaneous SSc; ACA, anticentromere antibody
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1.186, p = 0.276) or MMF (log-rank test 0.016, p = 0.9).
TwHF (log-rank test 7.851, p = 0.005) and MTX (log--
rank test 7.925, p = 0.005) were found to be protective
against mortality in survival analysis. Patients who took
CTX during the disease course had a poorer prognosis
(log-rank test 5.177, p = 0.023).
Patients who had PAH (log-rank test 32.96, p = 0.000),

arrhythmia (log-rank test 14.28, p = 0.000) and pericar-
dial effusion (log-rank test 6.879, p = 0.009) at baseline
had a poorer prognosis than those who did not. However,
there was no significant difference between patients with
or without ILD at baseline (log-rank test 0.303, p = 0.582).
Among 288 patients who had both HRCT-confirmed ILD
and PFT simultaneously, those who had pulmonary dys-
function (defined as FVC < 70% or DLCO < 60%) had a
poorer prognosis (log-rank test 16.266, p = 0.000) (Fig. 2).
Among 358 patients who had ILD at baseline, 217 of

them had continuous monitoring by HRCT. We qualita-
tively assess disease progression according to the de-
scription in the radiology reports: 64 patients had
radiographic evidence of aggravation (median disease
duration at baseline was 0 (0, 132) months) during the

disease course, and 153 patients remained stable or im-
proved (median disease duration at baseline was 1 (0,
165) month). A poor prognosis was not confirmed
among patients with ILD who had radiographic aggrava-
tion (log-rank test 2.629, p = 0.105). There were 89 pa-
tients who did not have ILD at baseline, and 24 of them
developed ILD during the disease course. New onset of
ILD was not associated with a poor prognosis (log-rank
test 0.111, p = 0.740).
Patients with scleroderma renal crisis (SRC) were rare

in this cohort. Despite the rarity, patients with SRC at
baseline had a poor outcome compared to those patients
that did not have SRC (log-rank test 11.36, p = 0.001).

Risk factors for prognosis
Univariate survival analysis suggested that SRC, PAH,
arrhythmia, pericardial effusion, skin score > 15,
FVC% < 70% and DLCO% < 60% on pulmonary func-
tion tests (PFT), and respiratory symptoms at baseline
were associated with poor prognosis. Further Cox
multivariate analysis confirmed that PAH (hazard ratio

Fig. 2 Survival analysis based on interstitial lung disease (ILD), pulmonary arterial hypertension (PAH), cardiac involvement and pulmonary dysfunction.
SSc, systemic sclerosis; FVC, forced vital capacity; DLCO, diffusing capacity for carbon monoxide
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(HR) 6.248, 95% CI 2.855, 13.674) and arrhythmia (HR
4.729, 95% CI 1.588, 14.082) at baseline are independent
risk factors for poor outcome in patients with SSc.

Cause of death
Among the cohort, 40 patients with SSc died (Table 2):
27 deaths (67.5%) were related to SSc. PAH was the
leading cause of death, accounting for 55% of all deaths.
The mortality rate in patients who had PAH during the
disease course was 28.2% (22/78 patients). Of the 63 pa-
tients in this cohort who had both PAH and ILD, 17
died (mortality rate, 27.0%). Among the four patients
who died from myocardial infarction and stroke, only
one had no history of cardiovascular involvement or
hypertension. The two patients who died of lung infec-
tion both had SSc-related lung involvement, one had
PAH, and the other had ILD. One patient died of
bacteremia due to cholecystitis. Two patients who died
had tumors and one died of leukemia 5 years after the
SSc diagnosis. The other patient was first treated for
hemoptysis and within one year of SSc diagnosis this pa-
tient died from lung adenocarcinoma that had metasta-
sized to the bone, meninges and liver.

Discussion
Systemic sclerosis is a disease that has significant clinical
heterogeneity. Some patients progress rapidly and even
die, whereas others remain stable and have limited
symptoms such as finger sclerosis and minimal visceral
involvement. Therefore, treatment strategies for SSc
would benefit from the ability to predict prognosis based
on clinical manifestations or laboratory parameters in
the early stage of the disease.
Earlier studies reported a 10-year survival rate for SSc

that was as low as 50% [14], whereas more recent stud-
ies including the EUSTAR registry reported 5-year and
10-year survival rates of 90% and 84%, respectively [15]
(Clinical manifestation and survival rates published for
different countries since 2008 are listed in (Additional
file 2) [16–23]). In recent years, the SSc survival rate has
improved. Indeed, Ferri et al. analyzed prognostic co-
horts of SSc worldwide at different times and found that
the median values of cumulative 10th-year survival rates
in patients with SSc increased from 54% to 83.5% [24].
Unfortunately, we could not make comparisons with the
EUSTAR study, because no specific organ involvement
was mentioned. Compared with two contemporary
European studies and one Asian study, the incidence of
ILD and PAH in Chinese patients with SSc were much
higher than those in Spain, which might partially explain
the reduction in 3-year and 5-year survival rates. Com-
pared with the Italian study in 2010, despite a higher in-
cidence rate of PAH in Chinese patients, the 3-year
survival rate was similar. The 5-year survival rate in Italy
was lower than in China, which might be related to
the significant increase in SRC and GI involvement;
the latter may result in malnutrition and susceptibility
to infection. Although having a high incidence of ILD
and PAH, as in China, Thailand had a slightly lower
survival rate due to there being a greater proportion
of patients with dcSSc in the cohort. Therefore, it can
be seen that the characteristics of organ involvement
in patients with SSc in different countries determine
diverse prognoses.
Survival among patients with dcSSc in our cohort was

consistent with that in a Spanish report [2], but was
higher than that reported in other studies conducted
during the same period [21]. The mortality rate can be
underestimated due to the failure to capture data on
early death in patients with dcSSc, which could result in
overestimation of survival in these patients [25]. More-
over, patients with dcSSc were reported to have worse
outcomes [16, 17, 19, 20] relative to patients with lcSSc,
due to their predisposition toward internal organ in-
volvement, specifically lung and renal involvement. Our
study confirmed that a higher mRSS, which manifests as
more extensive skin involvement, was a risk factor for
mortality in patients with SSc, but no significant

Table 2 Causes of death in the patient cohort

Cause of death Deaths, N = 40 (%)

All causes of death 40

SSc-related deaths 27 (67.5)

Lungs 23 (57.5)

ILD 1

PAH 22

Heart 1 (2.5)

Arrhythmia –

Heart failure 1

Renal crisis 3 (7.5)

Non-SSc-related deaths 10 (25.0)

Infection 3 (7.5)

Pulmonary infection 2

Bacteremia 1

Malignant tumor 2 (5.0)

Adenocarcinoma of lung 1

Leukemia 1

CCVd 4 (10.0)

Mi 1

Cerebral apoplexy 3

Digestive tract bleeding 1 (2.5)

Unknown cause of death 3 (7.5)

Results are presented as number (percentage) of patients
ILD interstitial lung disease, PAH pulmonary arterial hypertension, SSc systemic
sclerosis, CCVd chronic cerebrovascular disease, Mi myocardial infarction
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difference in 1, 3, 5 and 10-year survival rates was seen
between disease subtypes.
In this study, we found that vital organ involvement

such as renal crisis, PAH, cardiac involvement (especially
arrhythmia and pericardial effusion), severe skin involve-
ment, presence of respiratory-related symptoms and de-
creased FVC% and DLCO% on PFT were risk factors for
poor prognosis. Multivariate Cox analysis confirmed that
PAH and arrhythmia at baseline were independent prog-
nostic factors in this cohort. Arrhythmia can have several
origins that are related to primary heart involvement such
as cardiac conductive tissue fibrosis and myocardial fibro-
sis [26, 27], pericardial disease or PAH [28], and was asso-
ciated with poor outcome [15]. In this study, confirming a
diagnosis of arrhythmia during the early disease stage was
challenging, as the majority of patients had no clinical
symptoms or signs on standard electrocardiogram (ECG)
at rest [28].
Although ILD was an independent prognostic factor in

a previous study [4], our study did not confirm this,
which might be due to the large proportion of patients
with ILD and the inclusion of patients with more early
or mild interstitial lesions in our study due to the reli-
ance on HRCT imaging features to define ILD. Our
study did not confirm a poor prognosis among patients
with ILD who had radiographic evidence of aggravation,
partially due to individual differences among radiologists
in the assessment of images and lack of quantitative as-
sessment. Our findings suggest that ILD with pulmonary
dysfunction (FVC < 70% or DLCO < 60%), rather than
the presence of ILD alone, is associated with poor
prognosis.
Patients who took CTX during the disease course had

poorer prognosis. It was probably because patients re-
quiring CTX were more prone to significant organ in-
volvement and they could have been affected by
combined medication and side effects. TwHF, a trad-
itional Chinese herbal medicine, had been widely used in
autoimmune diseases, including rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE) and SSc etc.,
mainly due to their anti-inflammatory immunoregula-
tion and favorable cost-benefit ratio. Our previous study
showed that TwHF treatment for more than 1 year
could improve FVC (0.11 ± 0.25) and FVC% (3.83 ±
8.58%) (p < 0.05) (not published). The protective effect
of TwHF on survival in patients with SSc deserves fur-
ther study.
The median follow-up time of the 40 patients who

died was 31.5 months, but the average follow-up time of
the survivors was 56 months, indicating that there was
no bias associated with a longer observation period
among the patients with SSc who died.
A meta-analysis of death in patients with SSc showed

that heart and lung involvement had replaced renal crisis

as the leading cause of death in patients with SSc [29].
SSc-related deaths, especially lung involvement, were the
leading cause of death in patients with SSc in this study,
accounting for 67.5% of deaths, which was similar to
results for a multinational inception cohort (patients
recruited within 4 years of disease onset, 62.1%) [25].
The death rate attributable to lung involvement in pa-
tients with SSc increased over time [30]. In the
EULAR cohort, 19% of the patients died of ILD,
which was higher than that for PAH (14%), but in the
study cohort here, only one patient died of ILD, and
thus PAH was the leading cause of death, consistent
with some other studies [16, 25, 31]. This outcome
might also be related to coexisting ILD in 17 out of
22 patients with SSc who died of PAH. To determine
the cause of non-sudden cardiac death in patients
with both PAH and ILD can be indistinguishable, as
the accuracy of the physician’s judgment might affect
the result and underestimate deaths due to ILD. Only
one patient died of cardiac involvement among the
SSc related deaths, and this small number was related
to the small number cases of patients who had severe
cardiac involvement.
With the progress of disease screening and treatment,

patients with SSc can have longer life expectancy, and
thus long-term complications could become particularly
important later in the disease course. Cardiovascular
and cerebrovascular disease, infections and tumors were
the main causes of non-SSc related deaths in this cohort,
as was also seen in a study by Hao et al. [25]. A number
of reports confirmed that the incidence of cancer SSc in
patients was elevated [32]. The incidence of malignant
tumors in patients with SSc is 3–11%, which was 1.5–5
times [33] higher than that for the healthy population.
In this cohort, the two patients with malignant tumors
during follow up were female, had the lcSSc subtype and
were positive for anti scl-70 antibody. Patients with SSc
had fewer hematologic malignancies compared with
solid tumors, with only a few case reports of
hematologic tumor such as multiple myeloma, chronic
lymphocytic and myeloid leukemia (CLL and CML),
Hodgkin’s and non-Hodgkin’s lymphoma and hairy cell
leukemia [34].
There is no consensus about the incidence of coronary

heart and cerebrovascular disease among patients with
SSc compared with the general population. A study from
the Australian Scleroderma Cohort Study (ASCS) re-
ported that after adjusting for age, sex and traditional
risk factors for atherosclerosis, patients with SSc were
3.2 times more likely to have coronary heart disease than
the general population [19], whereas studies by Nordin
et al. [35] and Hettema et al. [36] concluded that athero-
sclerosis was not more prevalent in patients with SSc
than in controls.

Hu et al. Arthritis Research & Therapy          (2018) 20:235 Page 7 of 9



Conclusion
In china, although there is a high prevalence of ILD in
patients with SSc (85.5%), most patients have reserved
pulmonary function, which means that ILD is not the
most important factor in the death of patients with SSc
and is also not a risk factor for poor prognosis. Only
ILD with pulmonary dysfunction is associated with poor
outcome. The 10-year cumulative rate (87.8%) in pa-
tients with SSc in China is slightly lower than in Europe,
and PAH and arrhythmia at baseline are independent
prognostic factors, whereas PAH instead of ILD is the
leading cause of death in patients with SSc. Interestingly,
the Chinese traditional medicine TwHF deserves further
study as a protective factor in survival. This is the first
study of prognosis in Chinese patients with SSc, and a
study involving multiple centers in China is in progress.
The results from this and future studies should help elu-
cidate the influence of various ethnic differences on SSc
disease phenotype and prognosis.

Additional files

Additional file 1: Figure S1. Survival analysis based on respiratory
symptoms. Figure S2. Survival analysis based on organ involvement.
(DOCX 550 kb)

Additional file 2: Clinical manifestation and survival rates published by
different countries since 2008. (DOCX 19 kb)

Abbreviations
ACA: Anticentromere antibody; ACR: American College of Rheumatology;
ANA: Antinuclear antibody; ANOVA: Analysis of variability; ASCS: Australian
Scleroderma Cohort Study; CCVd: Chronic cerebrovascular disease;
CI: Confidence intervals; CLL: Chronic lymphocytic; CML: Chronic myeloid
leukemia; CRDC: Chinese Rheumatism Data Center; CTX: Cyclophosphamide;
dcSSc: Diffuse cutaneous systemic sclerosis; DLCO: Diffusing lung capacity for
carbon monoxide; ESR: Erythrocyte sedimentation rate; EUSTAR: European
League Against Rheumatism Scleroderma Trials and Research Group;
FEV1: Forced expiratory volume at 1 min; FVC: Forced vital capacity;
GI: Gastrointestinal; HRCT: High-resolution computed tomography;
IgG: Immunoglobulin G; ILD: Interstitial lung disease; lcSSc: Limited
cutaneous systemic sclerosis; LVEF: Left ventricular ejection fraction;
Mi: Myocardial infarction; mRSS: Modified Rodnan skin score;
MTX: Methotrexate; PAH: Pulmonary arterial hypertension; PASP: Pulmonary
artery systolic pressure; PFT: Pulmonary function test; PUMCH: Peking Union
Medical College Hospital; SRC: Scleroderma renal crisis; SSc: Systemic sclerosis;
TRV: Tricuspid regurgitant velocity; TwHF: Tripterygium wilfordii Hook F

Acknowledgements
The authors thank Dr Yanhong Wang (PUMC) for data processing.

Funding
This work was supported by the Center for Rare Diseases Research, Chinese
Academy of Medical Sciences, Beijing, China (grant number 2016ZX310174–4).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
All authors participated in design and acquisition of patients’ data. SSH
analyzed and interpreted the data and drafted the manuscript. DX was a
major contributor in revising the manuscript. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
Ethical review committee of PUMCH gave approval for this study, and all
participants gave informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 1 August 2018 Accepted: 26 September 2018

References
1. Al-Dhaher FF, Pope JE, Ouimet JM. Determinants of morbidity and mortality

of systemic sclerosis in Canada. Semin Arthritis Rheum. 2010;39(4):269–77.
2. Simeón-Aznar CP, Fonollosa-Plá V, Carles TV, et al. Registry of the Spanish

Network for Systemic Sclerosis: survival, prognostic factors, and causes of
death. Medicine. 2015;94(43):e1728.

3. Ranque B, Mouthon L. Geoepidemiology of systemic sclerosis. Autoimmun
Rev. 2010;9(5):311–8.

4. Nashid M, Khanna PP, Furst DE, et al. Gender and ethnicity differences in
patients with diffuse systemic sclerosis–analysis from three large
randomized clinical trials. Rheumatology. 2011;50(2):335–42.

5. Low AH, Johnson SR, Lee P. Ethnic influence on disease manifestations and
autoantibodies in Chinese-descent patients with systemic sclerosis. J
Rheumatol. 2009;36(4):787–93.

6. Wang J, Assassi S, Guo G, et al. Clinical and serological features of systemic
sclerosis in a Chinese cohort. Clin Rheumatol. 2013;32(5):617–21.

7. Kuo CF, See LC, Yu KH, et al. Epidemiology and mortality of systemic
sclerosis: a nationwide population study in Taiwan. Scand J Rheumatol.
2013;333(5):e401.

8. Xu D, Li MT, Hou Y, et al. Clinical characteristics of systemic sclerosis
patients with digital ulcers in China. Clin Exp Rheumatol. 2013;31(2 Suppl
76):46.

9. Sunderkötter C, Herrgott I, Brückner C, et al. Comparison of patients with
and without digital ulcers in systemic sclerosis: detection of possible risk
factors. Br J Dermatol. 2010;160(4):835–43.

10. Hachulla E, Clerson P, Launay D, et al. Natural history of ischemic digital
ulcers in systemic sclerosis: single-center retrospective longitudinal study. J
Rheumatol. 2007;34(12):2423.

11. Zhang S, Xu D, Li M, et al. Telangiectasia as a potential clinical marker of
microvascular lesions in systemic sclerosis patients from EUSTAR data in
China. Clin Exp Rheumatol. 2015;33(4 Suppl 91):S106.

12. LeRoy EC, Medsger TA. Criteria for the classification of early systemic
sclerosis. J Rheumatol. 2001;28:1573–6.

13. Gali N, Hoeper MM, Humbert M, et al. Guidelines for the diagnosis and
treatment of pulmonary hypertension. Eur Heart J. 2009;30:2493–537.

14. Bennett R, Bluestone R, Holt PJ, Bywaters EG. Survival in scleroderma. Ann
Rheum Dis. 1971;30:581–8.

15. Tyndall AJ, Bannert B, Vonk M, Airò P, Cozzi F, Carreira PE, et al. Causes and
risk factors for death in systemic sclerosis: a study from the EULAR
Scleroderma Trials and Research (EUSTAR) database. Ann Rheum Dis. 2010;
69:1809–15.

16. Joven BE, Almodovar R, Carmona L, et al. Survival, causes of death, and risk
factors associated with mortality in Spanish systemic sclerosis patients:
results from a single university hospital. Semin Arthritis Rheum. 2010;39(4):
285–93.

17. Vettori S, Cuomo G, Abignano G, et al. Survival and death causes in 251
systemic sclerosis patients from a single Italian center. Reumatismo. 2010;
62(3):202.

18. Walker UA, Tyndall A, Czirják L, et al. Clinical risk assessment of organ
manifestations in systemic sclerosis: a report from the EULAR Scleroderma
Trials And Research group database. Ann Rheum Dis. 2007;66(6):754–63.

19. Hashimoto A, Tejima S, Tono T, et al. Predictors of survival and causes of
death in Japanese patients with systemic sclerosis. J Rheumatol. 2001;38(9):
1931–9.

Hu et al. Arthritis Research & Therapy          (2018) 20:235 Page 8 of 9

https://doi.org/10.1186/s13075-018-1735-4
https://doi.org/10.1186/s13075-018-1735-4


20. Sampaiobarros PD, Bortoluzzo AB, Marangoni RG, et al. Survival, causes of
death, and prognostic factors in systemic sclerosis: analysis of 947 Brazilian
patients. J Rheumatol. 2012;39(10):1971–8.

21. Hoffmannvold AM, Molberg Ø, Midtvedt Ø, et al. Survival and causes of
death in an unselected and complete cohort of Norwegian patients with
systemic sclerosis. J Rheumatol. 2013;40(7):1127–33.

22. Poormoghim H, Andalib E, Jalali A, et al. Survival and causes of death in
systemic sclerosis patients: a single center registry report from Iran.
Rheumatol Int. 2016;36(7):925–34.

23. Wangkaew S, Prasertwitayakij N, Phrommintikul A, et al. Causes of death,
survival and risk factors of mortality in Thai patients with early systemic
sclerosis: inception cohort study. Rheumatol Int. 2017;37(12):1–8.

24. Ferri C, Sebastiani M, Monaco AL, et al. Systemic sclerosis evolution of
disease pathomorphosis and survival. Our experience on Italian patients’
population and review of the literature. Autoimmun Rev. 2014;13(10):1026–34.

25. Hao Y, Hudson M, Baron M, et al. Early mortality in a multinational systemic
sclerosis inception cohort. Arthritis Rheumatol. 2017;69(5):1067–77.

26. Chen F, Lu X, Shu X, et al. The predictive value of serum markers for the
development of interstitial lung disease in patients with polymyositis and
dermatomyositis - a comparative and prospective study. Intern Med J. 2015;
45(6):641–7.

27. Draeger HT, Assassi S, Sharif R, et al. Right bundle branch block: a predictor
of mortality in early systemic sclerosis. PLoS One. 2013;8(10):e78808.

28. Vacca A, Meune C, Gordon J, et al. Cardiac arrhythmias and conduction
defects in systemic sclerosis. Rheumatology. 2014;53(7):1172–7.

29. Elhai M, Meune C, Avouac J, Kahan A, Allanore Y. Trends in mortality in
patients with systemic sclerosis over 40 years: a systematic review and
meta-analysis of cohort studies. Rheumatology. 2012;51(6):1017–26.

30. Rubio-Rivas M, Royo, Simeón CP, et al. Mortality and survival in systemic
sclerosis. systematic review and meta-analysis. Semin Arthritis Rheum. 2014;
44(2):208–19.

31. Lefèvre G, Dauchet L, Hachulla E, et al. Survival and prognostic factors in
systemic sclerosis–associated pulmonary hypertension: a systematic review
and meta-analysis. Arthritis Rheum. 2013;65(9):2412–23.

32. Derk CT, Rasheed M, Artlett CM, Jimenez SA. A cohort study of cancer
incidence in systemic sclerosis. J Rheumatol. 2006;33(33):1113–6.

33. Szekanecz É, Szamosi S, Horváth Á, et al. Malignancies associated with
systemic sclerosis. Autoimmun Rev. 2012;11(12):852–5.

34. Kaşifoğlu T, Korkmaz C, Yaşar Ş, Gülbaş Z. Scleroderma and chronic myeloid
leukemia: a sheer coincidence, a consequence of long lasting D-
penicillamine therapy or a plausible relationship of both diseases?
Rheumatol Int. 2006;27(2):175–7.

35. Nordin A, Jensen-Urstad K, Björnådal L, et al. Ischemic arterial events and
atherosclerosis in patients with systemic sclerosis: a population-based case-
control study[J]. Arthritis Research & Therapy. 2013;15(4):1–12.

36. Hettema ME, Zhang D, de Leeuw K, Stienstra Y, Smit AJ, Kallenberg CG, et
al. Early atherosclerosis in systemic sclerosis and its relation to disease or
traditional risk factors. Arthritis Res Ther. 2008;10:R49.

Hu et al. Arthritis Research & Therapy          (2018) 20:235 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Data collection
	Statistical analysis

	Results
	Clinical and laboratory characteristics
	Survival analysis
	Risk factors for prognosis
	Cause of death

	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

