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Abstract The aims of the study were to determine prog-
nostic factors for survival and causes of death in a cohort
of patients with systemic sclerosis (SSc). This was a cohort
study of SSc patients in single rheumatologic center from
January 1998 to August 2012. They fulfilled the American
College of Rheumatology classification criteria for SSc or
had calcinosis Raynaud’s phenomenon, esophageal dysmo-
tility, sclerodactyly, telangiectasia or sine sclerosis. Causes
of death were classified as SSc related and non-SSc related.
Kaplan-Meier and Cox proportional hazard regression
models were used in univariate and multivariate analysis
to analyse survival in subgroups and determine prognos-
tic factors of survival. The study includes 220 patients
(192 female, 28 male). Out of thirty-two (14.5 %) who
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died, seventeen (53.1 %) deaths were SSc related and in
nine (28.1 %) non-SSc-related causes, and in six (18.8 %)
of patients causes of death were not defined. Overall sur-
vival rate was 92.6 % (95 % CI 87.5-95.7 %) after 5 years
and 82.3 % (95 % CI 73.4-88.4 %) after 10 years. Pulmo-
nary involvement was a major SSc-related cause of death,
occurred in seven (41.1 %) patients. Cardiovascular events
were leading cause of in overall death (11) 34.3 % and 6 in
non-SSc-related death. Independent risk factors for mortal-
ity were age >50 at diagnosis (HR 5.10) advance pulmo-
nary fibrosis (HR 11.5), tendon friction rub at entry (HR
6.39), arthritis (HR 3.56). In this first Middle Eastern series
of SSc registry, pulmonary and cardiac involvements were
the leading cause of SSc-related death.

Keywords Systemic sclerosis - Survival - Causes of death

Introduction

The natural history of systemic sclerosis (SSc) varies in dif-
ferent cases and depends on demographic and severity of
organ involvement. Previous studies indicated that demo-
graphic factors such as male gender [1-7], older age at dis-
ease presentation [1, 2, 8—10] and black race [1] are associ-
ated with poor survival rate.

Moreover, diffuse and greater extension of skin involve-
ment [4, 6, 11-13] as well as internal organs including lung
[4, 6], heart (pericarditis, clinical right side heart failure) [6,
12, 14-18], kidney [6-8, 13, 14], gastrointestinal tract [19]
and joint [20] contracture are all associated with poor prog-
nosis. Markers such as anti-topoisomerase antibody [16],
anemia [13, 21], increased erythrocyte sedimentation rate
(ESR) [6, 8, 13] and C-reactive protein (CRP) level [22],
proteinurea without scleroderma, renal crisis and abnormal
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urine sedimentation are also showed to be associated with
poor prognosis [23, 24].

Disease prognosis in SSc is highly variable. Different
studies have reported different survival rates. Five-year sur-
vival rates are reported as 77, 85 and 90 %. The 10-year
survival rates have also been variably reported as 59, 77
and 82 % [24-26].

It is important to note that the reported survival rates in
clinical studies on SSc patients may encounter selection
bias (4). Survival rate analysis could be affected by selec-
tion of the time of the first symptom, the first diagnosis or
the entry time into the study. As an example in retrospec-
tive cohort study of scleroderma in which the time of first
onset of symptom (Raynaud) is selected as starting point
of a study, instead of the time of diagnosis (a result in
time interval difference of >5 years or more), no mortality
occurred as predicted and 5-year survival may even be bet-
ter than general population. In cohort studies that starting
point could not be precisely selected, immortality bias may
arise. In addition, loss of follow-up with incomplete ascer-
tainment of vital status could be another reason that would
result in survival rate reports’ variability.

Variances in prognostic factors in survival studies, how-
ever, may result from differences in statistical analysis and
applied models such as univariate Kaplan—Meier or multi-
variate Cox proportional hazards analysis.

Our cohort is unique for two reasons: Firstly, it repre-
sents mortality and survival data in relatively large popula-
tion of scleroderma patients in the Middle East region; sec-
ondly, we used the data collected from the very first locally
established systemic sclerosis registry in Iran.

Methods
The CRIS database

Patients’ data were obtained from Scleroderma Regis-
try which is part of Clinical and Research Rheumatology
Information System (CRIS). This is a single-center elec-
tronic database which is designed locally for prospective
cohort study and is used to record information on patient
demographic, disease progression and laboratory findings.
In our center in clinic of rheumatology, referred patients
are initially visited by a rheumatologist. If their diagnosis
is confirmed, after obtaining an informed written consent,
the physician takes the patients’ complete history and per-
forms appropriate physical examination and paraclinical
data are then saved for follow-up visits.

Data related to six groups of rheumatic disease includ-
ing SSc, rheumatoid arthritis, seronegative arthropathy,
inflammatory muscle disease, systemic lupus and vasculitis
are recorded in CRIS. The registry has been in use since
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February 2008 when we initiated an open cohort study on
SSc. Data for patients who visited before February 2008
were transferred from paper-based records to CRIS data-
bank. Additional data that were registered in the sclero-
derma registry include onset of symptoms, date of diag-
nosis, date of first visit in the clinic, demographic, clinical
and paraclinical findings at the baseline and throughout the
study. All radiographic images are saved for prospective
follow-ups. Frequency of clinical features, disease outcome
in regard to other organs and systemic involvements, cumu-
lative survival data across patients groups with specific
antibody are also recorded in CRIS. In the scleroderma reg-
istry, we specified subtypes of SSc such as limited cutane-
ous (1cSSc), diffuse cutaneous (dcSSc) [27], overlap syn-
drome [28] and sine scleroderma [29, 30].

Inclusion and exclusion criteria

From 247 patients who were visited at Firoozgar Hospi-
tal, from January 1998 to August 2012, and followed until
August 2013, we included 220 patients who had fulfilled
the inclusion criteria.

Of those, 207 patients fulfilled the American Col-
lege of Rheumatology classification [31] or had calcinosis
Raynaud’s phenomenon, esophageal dysmotility, sclerodac-
tyly, telangiectasia [27], and 13 patients diagnosed sine scle-
roderma according to established criteria [29, 30] and cate-
gorized under limited SSc group as suggested in other study.
[29, 30]. Patients with skin involvement were subdivided
into two subtypes of 1cSSc and dcSSc according to LeRoy
et al. [27]. Endpoint of study was time of death or time to
make a phone call or last visit for patients who survived.

We exclude 27 patients, 9 patients who were diagnosed
as early Scleroderma or overlap and 18 (7.2 %) patients
who had completely missed follow-up visits, and we lost
contact with them.

The disease onset was defined as the time when
Raynaud’s phenomenon or non-Raynaud’s scleroderma-
related sign or symptoms were noticed by patients. The
time that a patient was first diagnosed recorded as time
of diagnosis, even in those patients who were diagnosed
months or years before their first visit. In order to do the
survival analysis, the first time the diagnosis is performed
is considered as the starting point. Patients who did not
come back for their follow-up visits after 12 months were
contacted via phone to check on their well-being.

Survival prognostic factors and causes of death

In addition to demographic and serological factors, visceral
involvements have been also depicted as prognostic factor
and cause of death in the previous studies [5, 6, 8, 32]. In
this study, we followed SSc-related cause of death based on
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visceral organ involvement according to Steen and Medsger
[32] with some modifications;

1. Advanced Pulmonary fibrosis determined by demon-
stration of more than 20 % fibrosis on high-resolution
computerized tomography (HRCT) of chest and/or
restrictive pattern on pulmonary function test that is
forced vital capacity (FVC) of lower than 70 % of pre-
dicted value or <60 % of predicted carbon monoxide
diffusing capacity (DLCO).

2. Pulmonary hypertension (PH); Right heart catheteriza-
tion was not performed on all patients; therefore, we did
not consider pulmonary arterial hypertension (PAH) in
our series. But in this study, we assessed relation of pul-
monary arterial pressure (PAP) >50 mmHg in echocar-
diography with survival as a prognostic factor.

3. Cardiac involvement includes pericardial effusion as
per echocardiographic evidence or HRCT, left ventric-
ular systolic ejection fraction <55 % by echocardiogra-
phy (Echo) and conduction disease, or arrythmia.
Clinical heart failure and left ventricular failure were
defined as ejection fraction of <50 % in echocardi-
ography (in the absence of systemic or pulmonary
hypertension and without significant renal involvement
or nodal or ventricular arrhythmia) and conduction
defects (not attributable to other cardiac conditions)
requiring treatment. All of the above were consid-
ered as cardiac prognostic factor or cause of death. In
addition, we considered smoking and hypertension as
attributing causes of death.

4. Renal involvement was defined as scleroderma renal
crisis (SRC) and renal abnormalities independent of
renal crisis (proteinuria, hematuria, cellular cast, BUN
>25, or creatinine >1.2 mg/dl) mild isolated hyperten-
sion requiring medication (but without typical renal
crisis) during the course of the disease. Scleroderma
renal crisis (SRC) was defined as malignant hyperten-
sion and/or rapidly progressive renal insufficiency and/
or microangiopathic hemolytic anemia.

5. Gastrointestinal involvement was defined as gastroin-
testinal reflux, esophageal hypo motility that is diag-
nosed either by manometery, esophageal dilation on
HRCT or cineradiographic. Small bowel involvement
defined as diarrhea due to bacterial overgrowth that
needed antibiotics. Body mass index <18.5 kg/m? is
considered as an index of malnutrition.

6. Multiorgan failure is defined as severe simultaneous
damage from >1 SSc-related organ involvement for
which it was difficult to determine the primary organ
failure that was the cause of death, for example patients
with interstitial lung disease who also presented PH
in the follow-up were considered into both categories
causing death.

A patient is considered to have non-SSc-related death
if they had died of infection, cancer, stroke, myocardial
infarction, sudden death without prior scleroderma heart
disease. If infection occurs in setting of scleroderma-related
organ failure (severe PAH, right heart failure or renal cri-
sis), we assigned cause of death as SSc related.

In the event of a death report in our center, hospital
records were reviewed to document the date and cause of
death. If death occurred outside our center, information on
the time and cause of death was obtained by following up
phone calls to the family or treating physician.

Cause of death was determined in 21 patients. In 5
patients, review of patient’s history and family description
of the events around the death led us to determining the
cause of death. However, neither if the above method could
help defining the cause of death in 6 of our patients.

Serology study

Sera of all patients visited from 1998 to 2013 were col-
lected and stored at —80 °C until use. For analysing the
pattern of ANA in sera, indirect immunofluorescence tech-
nique was used via Mosaic HEp-20-10 Liver (monkey),
(EUROIMMUN, Liibeck Germany). In order to detect
anti-centromere, Anti-TOPO I, Enzyme link Immunosorb-
ent Assay (ELISA) Orgentec kit was used according to
the manufacturer’s instructions. Absorbances were read at
450 nm on an ELISA plate reader.

Statistical analysis

The statistical methods that were used in univariate anal-
ysis all demographic and clinical characteristic of SSc
patients assessed by univariate Cox regression model, the
variables with p < 0.2 in univariate analysis and prog-
nostic factors suggested by other studies were conducted
by backward stepwise multivariate Cox-proportional
hazards regression model with entry and removal prob-
abilities equal to 0.05 and 0.1, respectively. The effect
of all demographic and clinical variables on survival of
SSc patients was assessed by univariate Cox regression
model. The variables with p<= 0.2 in univariate analy-
sis as well as prognostic factors suggested by other stud-
ies were included in backward stepwise multivariate Cox
proportional hazard regression model (with entry and
removal probabilities set at 0.05 and 0.1, respectively) to
identify multiple predictors of overall survival. Propor-
tional hazards assumption was evaluated using the Chi
square test of correlation coefficient between transformed
survival time and scaled Schoenfeld residuals. Survival
curves were estimated by Kaplan—Meier method and
were compared between different subgroups using log-
rank test.
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Results
Characteristic of samples

The study includes 220 patients (192 females, 28 males).
Female-to-male ratio was 6.9 to 1. Mean age at onset of
disease was 36.2 (SD = 13.1). Mean age of all patients
at the time of diagnosis was (mean £ SD) 38.9 £ 13.2,
and mortality rate was higher in patients who were older
at the time of diagnosis 47.9 + 13.1 than those who sur-
vived 37.4 £+ 12.6 (p = 0.001). Forty-five patients were
>50 years old at the time of diagnosis. Overall, 20 patients
(62.5 %) who died and 46 (24.5 %) of those who survived
were >50 years old.

A total of 119 (54.0 %) patient presented limited cuta-
neous subtype, 88 (40 %) were of diffuse cutaneous sub-
type and 13 (5.9 %) were of sine scleroderma subtype of
SSc. We bundled the two sine scleroderma and limited SSc
groups as one group under limited SSc subtype.

Time interval from onset of first symptom to diag-
nosis of SSc was (mean & SD) 2.9 + 4.3 years. This
interval was 4.1 £ 5.5 years in deceased and 2.7 £ 4.0
in survived patients (p = 0.17). At the time of analysis,
the mean disease follow-up time until death or censored
at last visit or last call was 6.6 &+ 5.5 years. Mean dis-
ease follow-up in those who deceased and survived were
8.0 & 6.8 and 6.4 £ 5.5, respectively, with no significant
difference.

Total follow-up time was 1456 person-years. Patients
in our study had a wide range of disease duration from a
minimum of 12 months to maximum of 27.9 years (Range
26.9 years). The baseline and clinical characteristics and
paraclinical data are shown in Table 1.

Causes of death and survival rate

A total of 32 (14.5 %) patients died during follow-up.
The primary causes of death in 17 patients (53.1 %) who
died were SSc related. From those, lung involvement was
leading cause of death in 7, cardiomyopathy in 4 patients,
multi organ involvement in 3, SRC in 2 and gastrointestinal
bleeding due to watermelon stomach in 1 patient.

Non-scleroderma-related causes of death were found
in 9 of died patients. Of those, 6 patients die due to car-
diovascular event, 2 due to malignancy (1 esophageal
adenoma and 1 patient because of metastatic bone cancer
of unknown origin) and 1 death was related to infection.
Cause of death in 6 other patients (18.8 %) was not found
(Table 2).

Kaplan—Meier analysis showed a survival rate of 92.6 %
(95 % CI 87.5-95.7 %) after 5 years and 82.3 % (95 %CI
73.4-88.4 %) after 10 years. Survival rate after 5, 10 years
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Table 1 Clinical, demographic and immunological data in 220
patients with SSc

Characteristic

Women: Men no (%) 192 (87.3): 28 (12.7)

Interval from first symptom of to diagnosis/ 29+43
year mean (SD)
Interval of diagnosis to event/year mean (SD) 6.4 £5.6
Age at time of diagnosis years mean (SD) 38.8£13.2
Skin score
<20 187 (85.0)
>20 33 (15.0)
Diffuse/limited 88 (40.0)/132 (60.0)
Smoker no (%) 16 (7.3)
Raynaud’s phenomenon as first symptom 198/220 (90.0)

29/209 (61.7)
152/215 (70.7)
81/221 (36.8)

Raynaud’s phenomenon seen by physician
Telangiectasia (hands/face/lips)
Digital pitting ulcer

Digital ulcer/gangrene 49/217 (22.6)
Calcinosis 54/220 (24.5)
Friction rub at first visit 15/220 (6.8)
Friction rub at follow up visits 54/212 (25.5)
Arthritis 46/220 (20.9)
Muscular involvement 18/216 (8.3)
Esophageal reflux by history 192/219 (87.7)
Esophageal hypomotility 138/202 (68.3)
Bacterial overgrowth need therapy 42/220 (19.1)
weight loss >10 % 36/220 (16.4)
Pulmonary fibrosis on HRCT 134/214 (62.2)
Advanced pulmonary fibrosis 69/214 (32.2)
Elevated PAP in echocardiography 33/204 (16.2)
Cardiac involvement® 50/205 (24.4)
Renal involvement® 86/200 (43.0)
Scleroderma renal crisis 4/214 (1.9)
ANA 183/201 (91.0)
ACA 16/191 (8.4)

134/191 (70.2)
6/220 (2.7)

Anti-topoisomerase I
Malignancy

ANA antinuclear antibody, ACA anticentromer antibody

# Cardiac involvement includes pericardial effusion in echocardiog-
raphy or HRCT, left ventricular systolic ejection fraction <55 % by
echocardiography (Echo) and conduction disease, or arrythmia

" Renal involvement was defined as scleroderma renal crisis (SRC)
and renal abnormalities independent of renal crisis (proteinuria,
hematuria, cellular cast, BUN >25, or creatinine >1.2 mg/dl, mild
isolated hypertension requiring medication but without typical renal
crisis) during disease course

in diffuse was 91.3 % (95 % CI 81.4-96.0), 79.9 %
(95 % CI 64.3-89.2) and in the limited 93.4 % (95 % CI
86.6-96.8), 83.7 % (95 % CI 71.7-90.9) subtypes of dis-
ease was not differed (p = 0.71) (Fig. 1).
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Table 2 Causes of death in 220 SSc Iranian patients

All cause of death No (%)
SSc related No (%)

32 (14.5)

17 (53.1)
Cardiomyopathy 4
Pulmonary 7
PAP >50 % by echocardiography 3
Pulmonary fibrosis 4
Multi-organ (cardiac + pulmonary) 3
Renal crisis 2
GI involvement 1

Non-SSc related 9(28.1)
Cardiovascular 6
Sudden death to cardiovascular event 5
Cardiac coronary surgery 1
Malignancy 2
Metastatic unknown origin 1
Esophageal ca 1
Infection 1
6

Unknown (18.8)

No (%) number (percentage), PAP pulmonary arterial pressure in
echocardiography

Univariate analysis

Analyses by univariate Cox analysis method are showed in
Table 3.

Analysis revealed that the patients with age of over
50 at time of diagnosis, tendon friction rub, FVC <70 %,

DLCO <60 %, advance pulmonary hypertension and
pulmonary arterial pressure in echocardiography (PAP)
>50 mmHg associated with poor outcome (p value <0.05).
In Fig. 2, the Kaplan—Meier survival curves are shown for
parameters with significant impact on dying in univariate
analysis.

Moreover, other variables including gender, calcino-
sis, arthritis, pericardial effusion, scleroderma renal cri-
sis which in univariate analysis had p values <0.2 were
included in the multivariate Cox proportional hazard
model. The parameters with p > 0.20 that had no signif-
icant impact on dying were not considered in multivari-
ate analysis, including the time interval from the first
symptom (Raynaud, or non-Raynaud) to diagnosis, dis-
ease subtypes, smoking status, vascular manifestations
[Raynaud seen by physician, telangiectasia (hands/face/
lips), digital pitting ulcer, digital ulcer/gangrene/ampu-
tation body mass index (BMI) <18.5, ESR, hemoglobin
and autoantibodies (ACA, TOPO, ANA)].

Multivariate analysis

When using Cox-proportional hazard model, we
observed that Age > 50 years at time of diagnosis, fric-
tion rub at entry, arthritis and advanced pulmonary
fibrosis were significant contributor factors in worsen-
ing prognosis. In our study, we could conclude these
factors as independent prognostic factors for poor sur-
vival (Table 4).

Fig. 1 Pairs of survival curve 2
for 220 patients with systemic
sclerosis, by subgroups showed.
Horizontal axis represents dura- %
tion from the diagnosis of SSc, S
and the number of events was =
shown. Survival rate after 5, 2
10, 15, 20 years in diffuse and E g -
limited subset of disease was g
not differed (p = 0.71) 2
5}
=4
O
N
(=3
Limited
Diffuse
<
(=3
T T T T T T T
0 5 10 15 20 25 30
Years from diagnosis
Number at risk
Limited 131 73 29 10 5 2 0
Diffuse 88 44 22 11 3 1 0
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Table 3 Univariate analysis of prognostic factors of 220 patients

with systemic sclerosis (SSc)

HR (95 % CI) p value
Age at diagnosis >50 years 5.23 (2.50-10.8)  0.001
Time interval between symptom to 1.21 (0.53-2.73) 0.64
diagnosis >5
Male sex 2.04 (0.83-5.30) 0.10
Diffuse disease subsets 1.20 (0.60-2.50)  0.60
Smoking 0.86 (0.20-3.63) 0.83
Raynaud seen by physician 1.10 (0.50-2.39)  0.60
Telangiectasia (hands/face/lips) 1.44 (0.49-4.20) 0.50
Digital pitting ulcer 0.88 (0.42-1.86) 0.74
Digital ulcer/gangrene/amputation 0.72 (0.34-1.53) 0.40
Calcinosis 0.47 (0.19-1.14)  0.10
Esophageal hypomotility 1.40 (0.62-3.24) 0.40
Bacterial overgrowth 097 (0.33-2.88) 0.97
Body mass index BMI <18.5 1.63 (0.57-4.66) 0.34
Arthritis 1.74 (0.82-3.71)  0.15
Tendon friction rub 3.36 (1.14-9.90) 0.02
Myopathy 1.37 (0.32-5.90) 0.70
FVC <70 % 442 (1.75-11.1)  0.002
DLCO <60 % 5.10 (1.90-13.7)  0.001
Advance pulmonary fibrosis 2.98 (1.36-6.55) 0.006
PAP by echocardiography >50 elevated  2.83 (1.22-6.58) 0.02
CHF EF <50 % heart failure 1.06 (0.31-3.63) 0.90
Hypertension >130/90 mmHg 1.55(0.70-3.50)  0.30
Pericardial effusion 2.20 (0.85-5.60) 0.10
Renal involvement all 0.88 (0.39-1.98) 0.76
Scleroderma renal crisis 2.65(0.61-1.51) 0.17
FANA+ 1.41 (0.19-10.90) 0.71
Anti-TOPO+ 1.44 (0.48-4.34) 0.51
Anti-centromere 1.23 (0.28-5.37) 0.77
ESR >30+ 1.35(0.61-2.98) 0.45
Het <33 1.40 (0.54-3.75) 0.48

Univariate Cox regression analysis was used for analysis

HR (95 % CI) hazard ratio (95 % confidence interval), FVC force
vital capacity, DLCO diffusing lung capacity for Co, FANA fluores-
cent antinuclear antibodies, ESR Erythrocyte sedimentation rate, HCT
hematocrite

Discussion
Baseline characteristic

Compared to previous report from European and Ameri-
can studies and published figures of scleroderma patients,
patients included in this cohort had some baseline differ-
ences in regard to clinical features and serology, also earlier
disease onset and diagnosis. Our patients were younger at
the disease onset compared to a Hungarian study in which
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mean age at the diagnosis was 44 (range 33-53) years,
and in a separate meta-analysis [33] 44.4 £ 3 years in the
limited group and 47.8 + 4.3 years in the diffuse group
of patients [8]. However, a Canadian study reported older
age range at the disease onset in their study population,
50.7 £ 2.3 years in deceased and 47.8 £ 1.3 years in sur-
vived patients [11].

In contrast to other studies [5, 8, 10], anti-Topo abs were
the most prevalent antibodies in our series, and there was
low prevalence of malignancy and scleroderma renal crisis.
These differences may be attributed to the genetic and geo-
graphic background.

Survival and causes of death

In this cohort, cumulative 5- and 10-year survivals from diag-
nosis were 93, 83 % with a mortality rate of 14.5 %. This is
consistent with studies that had shown improvement of SSc
survival in the last decade [8, 9, 11, 26, 32, 34, 35]. Survival
rates varied in different studies. Overall, 5- and 10-year sur-
vivals have been reported as 81, 71 % in Danish [35], 85,
72 % in Hungarian [8], 90, 84 % in Brazilian [5], 90, 82 % in
Canadian [13] and 85.4, 80 % in Korean [9] studies.

The survival rates in previous studies depended on the
selected age at disease onset, age at diagnosis or age at the
study entry. As well as disease stage at time of entry (early
vs late), ethnicity, number of patients with diffuse subtype
of disease, severity of organ involvement and country-spe-
cific healthcare policies.

A total of 32 deaths have been occured in our study pop-
ulation. Seventeen deaths were considered SSc related and
9 were non-SSc related. Similar to other studies, pulmonary
[16, 32, 34] and cardiac [3, 5, 6] involvements are the most
common causes of death. Our finding is consistent with the
previous studies in that cardiovascular diseases also repre-
sent the major cause of non-SSc-related death [34, 35].

In our cohort, cardiovascular (CV) events caused 31.2 %
of overall mortalities. In patients with SSc disease, the UK
study showed 30 % of deaths [36] and in a Swedish study
20 % of deaths were due to CV events [4]. These findings
may support the previously described association between
SSc and macrovascular disease [35, 37].

In this cohort, scleroderma renal crisis represent the
cause of death in 6.4 % of all deaths which is also con-
sistent with other studies in Asia and the US [9, 32, 38].
The SRC was rare in Iranian SSc patients with event rate
of 1.8 %, and its prevalence was lower than reported rates
from Korean 2.7 %, [9] Japanese 2.8 % [38] and EUSTAR
cohort 2.3 % [39].

Malignancy was the cause of death in 6.4 % of patients
and had occured during first year after disease diagnosis.
None of the patients who developed cancer had received
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Fig. 2 Kaplan—-Meier graph for survival of systemic sclerosis (SSc)
on 220 patients of whom 32 died. Horizontal axis represents dura-
tion from the diagnosis. Better survival was seen in patients with
a age lower than 50 (p = 0.001), b patients without friction rub at

Table 4 Independent risk factors for reduced survival in SSc patients
by Cox regression modeling

Risk factor HR (95 % CI) p value

Age > 50 years at time of diagnosis 5.10 (1.63-15.62) 0.005
6.39 (1.50-27.28) 0.01
3.56 (1.10-11.53) 0.03

11.5(3.14-42.13)  0.001

Friction rub at entry
Arthritis

Advanced pulmonary fibrosis

Variables with p < 0.2 in univariate analysis were included multivari-
ate analysis in a stepwise

Cox-proportional model. B score indicate to what extent each factor
predictive of mortality

There was no violation of proportional hazards assumption (p = 0.57)

cyclophosphamide before diagnosis of malignancy. In the
two patients who died because of cancer, anti-Topo I anti-
bodies were positive and had diffuse subtype of the dis-
ease. The incidence of malignancy in SSc patients have

entry (p = 0.02). ¢ Patient without pulmonary fibrosis or mild fibrosis
(p = 0.001) and d *patients without Pulmonary arterial hypertension
>50 in echocardiography (p = 0.02). Graph for FVC and DLCO was
not shown

been reported from 3.6 % in Pitsburgh to 10.7 % in south
Australian studies [40]. A Danish population-based cohort
showed that SSc increases the risk of smoking and alco-
hol-related cancer [41]. Additionally, male gender in SSc
patients was a risk factor for cancer [41].

We did not find a consistency between the organ involve-
ments at the time of diagnosis with organ system involve-
ment in the course of the disease that ultimately could be a
cause of death.

Predictors of death in SSc

Results of our cohort in Cox proportional hazards mode
were consistent with the reports from previous studies that
have delineated the pulmonary fibrosis, [34] elderly age [1,
2, 8, 9], friction rub [42], which were among the independ-
ent predictors of mortality. We found survival rate corre-
lated with the age; patients who developed the disease and
diagnosed at younger age had better survival than those
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who died. In other words, age over 50 year was an inde-
pendent risk factor of death.

The current study demonstrated no relation with mor-
tality and the time interval between symptoms to diagno-
sis and disease subtypes. We speculate this may be due to
death occurring in patients with severe diffuse before their
referral to the clinic.

In our study, arthritis was an independent predictive fac-
tor of mortality. It has been supposed that arthritis might
be a predictive factor of the diffuse scleroderma and may
carry with poor prognosis. This issue is under investigation
in EUSTAR database [43].

We did not find FVC <70 % and DLCO <60 % as inde-
pendent mortality risk factor which could indicate that
advanced pulmonary disease was a better predictor of death
than each of the above-mentioned factors.

We checked autoantibodies in 91.4 % of patients
in cohort study whose patients entered the study since
many years ago; presence of missing data is inevitable as
depicted in Italian survival study in one-quarter of patients
autoantibodies were not evaluated [6].

According to population studied, there is a variation
prevalence of ANA across different population. ANA are
reported in range of 84 % in Sweden study [4] to 98.7 % of
patients in EULAR scleroderma trial and Research group
database [39].

It was previously shown that anti-Topoisomerase I anti-
bodies are an independent survival prognostic factor [3,
11, 16] But we did not find such association which might
be due to high prevalence of anti-Topo abs and low preva-
lence of ACA abs in sera of patients in this cohort. Low
prevalence of ACA abs in our study is consistent with the
results from our own previous study [44] and other Asian
study [9, 45].

Among 230 SSc patients included in a Korean study
(56 % had 1cSSc, 43.9 % dcSSc form of disease), ACA
was detected in sera of 31 (13.6 %) and anti-Topo in 118
(53.6 %) patients [9]. Similarly, 31 Malaysian ACA was
detected in 5 (16.1 %) patients [45]. Our center is running
studies to evaluate the role of genetic background on preva-
lence of autoanibodies in Iranian patients.

In our study, among ACA-positive SSc patients, there
were 14 patients (93.8 %) with 1cSSc and (6.2 %) dcSSc
subtype of disease anti-Topo abs were found in 82.1 %
dcSSc patients and 60.9 % patients with 1cSSc. Although
this finding may disconcord with studies that supposed
anti-Topo and ACA abs are classically associated with dif-
fuse and limited subtype of disease [4, 39], but our results
concordant with study in Iran [44] and recent Chinese
cohort that ACA was found in 55.4 % patients with dcSSc
form of disease and in Malaysian study that anti-TOPO abs
is found in 50 % of 1cSSc patients [45, 46].

@ Springer

Limitations

Current study had some limitations in determining causes
of death. Our study included patients from single center and
therefore cannot represent all patients in our country; the
short number of deaths and similar survival in deSSC an
1cSSC patients may be due to selection bias in single center
study. This is the first study of its kind in Iran and Middle East
region and we hope that this study could be looked at future
investigators. We were not able to properly evaluate pulmo-
nary arterial hypertension (PAH). This was due to right heart
catheterization, which was not conducted as a part of diagno-
sis of PH in the patients with high PAP in echocardiography.

As referred to in other literatures, causes of death are
hard to retrospectively be confirmed. To determine causes
of death in 4 patients, we considered the family description
of the events surrounding the death and then recorded data
for severity of organ involvement [34, 47].

In cases with more certain causes of death, the bias in
coding the death certification could occur due to chronic
known disease and that none of our patients were submit-
ted to autopsy. This might contribute to a low incidence of
infection and sepsis in the setting of severe organ failure
and not being considered as causes of death.

It is sometimes impossible to estimate the exact rela-
tion of death to SSc, for example in ischemic heart disease
cases; SSc disease itself is a contributing factor to micro-
vascular [48, 49] and macrovascular changes [4, 35, 37]
that might aggravate the problem.

The mean disease duration from first time of diagnosis
to last visit or death was 6.6 &+ 5.5 years. Our conclusion
may change over time as we follow survived patients for
longer duration. The SMR the most reliable mortality rate
was not estimated in this study.

In summary, results from analysis of the data from
this cohort demonstrated cardiac and pulmonary involve-
ment (pulmonary fibrosis or pulmonary arterial pressure
>50 mmHg) which were the leading causes of SSc-related
death. Among clinical and immunological variables, age,
tendon friction rub, advances pulmonary and arthritis were
independently associated with poorer prognosis in patients
with SSc.
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