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Abstract
Objective: To conduct an exploratory cluster analysis of systemic sclerosis patients from the baseline data of the Indian 
systemic sclerosis registry.
Methods: Patients satisfying American College of Rheumatology-European League Against Rheumatism classification 
criteria for systemic sclerosis were included. The clusters formed using clinical and immunological parameters were 
compared.
Results: Of the 564 systemic sclerosis registry participants, 404 patients were included. We derived four clusters of 
which three were anti-topoisomerase I predominant and one was anti-centromere antibody 2 dominant. Cluster 1 (n-
82 (20.3%)) had diffuse cutaneous systemic sclerosis patients with the most severe skin disease, anti-topoisomerase I 
positivity, males, younger age of onset and high prevalence of musculoskeletal, vasculopathic and gastrointestinal features. 
Cluster 2 (n-141 (34.9%)) was also diffuse cutaneous systemic sclerosis and anti-topoisomerase I predominant but with 
less severe skin phenotype than cluster 1 and a lesser prevalence of musculoskeletal, vasculopathic and gastrointestinal 
features. Cluster 3 (n-119 (29.5%)) had limited cutaneous systemic sclerosis patients with anti-topoisomerase I positivity 
along with other antibodies. The proximal muscle weakness was higher and digital pitting scars were lower, while other 
organ involvement was similar between clusters 2 and 3. Cluster 4 (n-62 (15.30%)) was the least severe group with 
limited cutaneous systemic sclerosis and anti-centromere antibody predominance. Age of onset was higher with low 
musculoskeletal disease and a higher presence of upper gastrointestinal features. The prevalence of interstitial lung 
disease was similar in the three anti-topoisomerase I predominant clusters.
Conclusion: With exploratory cluster analysis, we confirmed the possibility of subclassification of systemic sclerosis 
along a spectrum based on clinical and immunological characteristics. We also corroborated the presence of anti-
topoisomerase I in limited cutaneous systemic sclerosis and the association of interstitial lung disease with anti-
topoisomerase I.
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Key message

1. The exploratory cluster analysis revealed four clus-
ters, demonstrating the heterogeneity of systemic 
sclerosis.

2. Anti-topoisomerase I occurs in a significant pro-
portion of limited cutaneous systemic sclerosis.

3. Anti-topoisomerase I is strongly associated with 
interstitial lung disease.

Introduction

Systemic sclerosis (SSc) is a systemic autoimmune disease 
characterized by small vessel vasculopathy, autoantibody 
production and fibroblast dysfunction leading to increased 
deposition of extracellular matrix. It is chronic, progressive 
and heterogenous in its course. Recently, the European 
League Against Rheumatism (EULAR) and the American 
College of Rheumatology (ACR) classification criteria for 
SSc have expanded the clinical phenotype and the autoan-
tibody spectrum.1 However, the subclassification of SSc 
remains a challenge owing to its heterogeneity. Even today, 
the most accepted and prevailing system of subclassifica-
tion remains to be the 1988 LeRoy’s dichotomous subsets 
revised in 2001, based on the extent of cutaneous involve-
ment. It defines two groups: diffuse cutaneous systemic 
sclerosis (dcSSc) associated with skin changes affecting the 
trunk and proximal limbs, and limited cutaneous systemic 
sclerosis (lcSSc) where skin fibrosis is limited to the hands, 
face, feet and forearms. Moreover, these two groups were 
demonstrated to differ in terms of severity and frequency of 
organ involvement, autoantibody profiles and mortality.2–4 
However, an ‘inverted phenotype’ is well described wherein 
the disease process does not fall into these specified catego-
ries ushering to dissolve the binary system and give way to 
a continuous or expanded spectrum of categories.5 Several 
intermediate subtypes such as patients with skin involve-
ment extending proximally but excluding the trunk with 
intermediate risks of interstitial lung disease (ILD), unique 
autoantibody profile and survival, or lcSSc patients with 
anti-topo I antibodies and severe ILD have been 
described.6–10 Large registries have called attention to this 
heterogeneity within the classical dcSSc and lcSSc sub-
types.11–14 Cluster analysis can provide valuable insight in 
this regard and is being utilized to group similar patients to 
predict the course and outcome of SSc, thereby guiding 
clinical management.11,15

Geographical differences in the clinical phenotype and 
the autoantibody profile have been well described, further 
highlighting the diversity of this complex disease.16,17 
There is sparse data from the Indian subcontinent in this 
respect.18–20 We report an exploratory cluster analysis uti-
lizing all relevant clinical parameters and the autoantibody 
profile from the baseline data of the prospective SSc regis-
try in India.

Methods

The Indian Progressive Systemic Sclerosis Registry 
(IPSSR) was established in 2018 involving five specialist 
rheumatology referral centres across India with the inten-
tion of creating a nationwide cohort of SSc patients. This 
is a prospective registry in which all consenting prevalent 
and incident SSc patients are included. All patients undergo 
a detailed clinical assessment and appropriate laboratory 
evaluation as per clinician judgement at least every 
6 months. The information is recorded into a prespecified 
article case record form and transcribed into an electronic 
database (Supplemental material 1). From this registry, all 
patients satisfying the 2013 ACR-EULAR classification 
criteria at recruitment were considered for the study and 
those with incomplete assessments were excluded.1 
Patients were classified into lcSSc and dcSSc as per 
LeRoy’s classification.2,3 SSc overlap cases were excluded. 
This study complies with the Declaration of Helsinki. The 
research protocol was approved by the locally appointed 
ethics committee, and written informed consent was 
obtained from all patients included in this registry.

This study is cross-sectional in nature, since for the 
current analysis, we used baseline data from the registry, 
which is the data recorded at the time of patient recruit-
ment into the registry. Most clinical variables (including 
forced vital capacity (FVC)) are recorded as ‘ever-pre-
sent’ at the time of recruitment. Some exceptions include 
the modified Rodnan skin score (mRSS), physician global 
assessment (PGA), patient global assessment (PtGA) and 
body mass index (BMI) which were recorded as examined 
by the clinician at the time of recruitment. For variables 
that change serially (FVC and mRSS), only the value 
recorded at the time of recruitment (i.e. baseline) was 
used. Prior serial changes for these values have not been 
used in the current analysis. Overall, 34 clinical variables 
were used for the cluster analysis. Variable selection was 
based on their relevance to the understanding of the disease 
spectrum; redundant variables and variables with a higher 
proportion of missing values were removed. Skin thicken-
ing was assessed by the mRSS method which was homog-
enized across the participant centres.21 The autoantibody 
profile was assessed by the Euroimmun antinuclear anti-
bodies (ANA) EUROLINE assay (EUROLineScan) and 
included anti ribonucleoprotein (anti-RNP/Sm), anti smith 
(anti-Sm), anti-Sjogren’s syndrome A (anti-SSA), anti-
Ro52, anti-Sjogren’s syndrome B (anti-SSB), anti-topoi-
somerase I (anti-topo I/anti-Scl-70), anti-polymyositis/
scleroderma (anti-PM/Scl-100), anti-Jo-1, anti-centromere 
B(ACA), anti-proliferative cell nuclear antigen (PCNA), 
anti-dsDNA, antinucleosome, antihistones, anti-ribosomal-
P-protein and anti-mitochondrial antibody M2 (AMA-
M2) autoantibodies.22 A value of 1+ or more was considered 
positive. Suspected pulmonary hypertension (PH) was 
diagnosed based on transthoracic echocardiographic 
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evidence of right ventricular systolic pressure (RVSP) 
>40 mm Hg. None of the patients had PH confirmed by 
right heart catheterizations.23 Pul-monary function tests 
(PFT) were performed according to standard protocol, and 
the FVC alone was considered for analysis.24 ILD was 
diagnosed based on radiographic evidence (chest radio-
graph and/or high-resolution computed tomography 
(HRCT) chest).25 Cardiac conduction defects were 
recorded as ever-present as per electrocardiograms and 
large joint contractures (defined as a restricted range of 
movement in shoulder joints, elbow joints and/or knee 
joints) were recorded as ever-present by the recruiting cli-
nician at baseline. PtGA and PGA were assessed on a 
numerical rating scale (NRS) of 1 to 10 at the time of 
recruitment.

The unsupervised two-step cluster analysis method was 
performed to identify subgroups in patients with SSc based 
on all relevant immunological and clinical characteristics. In 
the first step, the algorithm produced preclusters in which the 
patients were sequentially clustered by constructing a cluster 
feature tree. In the second step, these pregroups were grouped 
into the final number of clusters using the hierarchical cluster-
ing method where the preclusters were recursively merged. 
The number of clusters was fixed as four taking into account 
the sample size, the average silhouette value which deter-
mines the quality of the cluster and the clinical relevance of 
the clusters, with the objective to explore possible clusters 
based on the available characteristics. Both continuous and 
categorical variables were analysed using this method. The 
clusters formed were then compared between the clinical 
characteristics and analysed using chi-square, analysis of 
variance (ANOVA) or Kruskal–Wallis test as appropriate. 
The internal consistency of the clusters was examined using 
Spearman’s rank correlation or Pearson’s correlation test for 
clinical parameters. A silhouette index was used for cluster 
validations. All analyses were performed using statistical 
package for the social sciences (SPSS) version 25.0 (SPSS 
Inc., Chicago, IL, USA). Statistical significance was consid-
ered at p < 0.05.

Results

Of the 564 SSc registry participants till November 2021, we 
included 404 patients with complete assessments in this 
analysis (Figure 1). The cohort consisted of predominantly 
prevalent SSc cases (97%). A case was defined as an inci-
dent case if the year of diagnosis and year of recruitment 
were the same; otherwise, it was considered a prevalent 
case. The cohort was female predominant (93.8%), and the 
mean age was 42.6 ± 11.4 years. The median duration of 
disease defined as the time since the onset of the first non-
Raynaud’s symptom to cohort entry was 6 (4,11) years, and 
the median age at disease onset was 35 (26, 43.7) years. A 
diffuse pattern of skin involvement was noted at recruitment 
in 214 (53.2%) patients, and the median mRSS was 9 (4,18).

The predominant antibody in our cohort was anti-topo I 
(49.0%), followed by ACA (17.8%), anti-SSA/anti-SSB 
(12.6%) and anti-PM/Scl-100 (6.2%). The prevalence of 
scleroderma renal crisis was 0.7%. The baseline clinical 
characteristics of the cohort are reported in Table 1.

For cluster analysis, we used 34 clinically relevant vari-
ables (data as recorded at baseline at the time of recruit-
ment into the registry were used). Preliminary analysis 
clustered patients into two groups, which partially corre-
sponded to the dichotomous classification of limited and 
diffuse SSc. Cluster A was composed of lcSSc, multiple 
autoantibodies with a higher prevalence of ACA while 
Cluster B consisted of dcSSc with a higher prevalence of 
anti-topo I. These two clusters were driven by the severity 
and the extent of skin involvement, and the two autoanti-
bodies, namely ACA and anti-topo I. There were no sig-
nificant differences in the pattern of organ involvement or 
vasculopathy.

On exploratory analysis, we derived four clusters. The 
proportion of patients distributed into clusters 1, 2, 3 and 4 
was 20.3%, 34.9%, 29.5% and 15.3%, respectively. The 
associations between the clusters and the various clinical 
and immunological characteristics are presented in Table 2 
and Figure 2. Cluster 1 and cluster 2 presented diffuse skin 
fibrosis, whereas cluster 3 and cluster 4 had a limited pat-
tern of cutaneous involvement. While clusters 1, 2 and 3 
were found to have anti-topo I as the predominant anti-
body (84.1%, 56.0% and 37.0%, respectively), cluster 4 
had a predominance of ACA (51.6%). One hundred and 
twelve patients (27.5%) tested negative for the autoanti-
bodies studied. These patients were distributed throughout 
the four clusters, and there was no significant difference in 
their prevalence between the clusters.

The quality of the cluster was described to be fair by the 
Silhouette measure of cohesion and separation. The overall 
importance of predictors in cluster formation is presented in 
Figure 3. Of the 34 variables considered, dcSSc, lcSSc, ten-
don friction rubs, FVC <70%, proximal muscle weakness, 

Figure 1. Schematic representation of screening process.
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Table 1. Baseline clinical characteristics (n = 404).

Characteristics n (%)/mdn (IQR) Characteristics n (%)/mdn (IQR)

Gender – Females 379 (93.8) Digital pitting scars 267 (66.1)
Age at disease onset (years) 35 (26, 43.7) Digital Gangrene 15 (3.7)
Disease duration (years) 6 (4, 11) Tendon friction rubs 35 (8.6)
PtGA (NRS of 1–10) 4 (3, 5) Large joint contractures 26 (6.4)
PGA (NRS of 1–10) 4 (2, 5) Arthritis 95 (23.5)
BMI (kg/m2) 21.9 (19.5, 25.2) Proximal muscle weakness 101 (25.0)
lcSSc 163 (40.3) Hypertension 79 (19.6)
dcSSc 214 (53.2) Pericardial effusion 41 (10.1)
mRSS 9 (4, 18) Suspected PH 44 (10.9)
ANA 354 (86.8) ILD 257 (63.6)
Anti-topo I 198 (49.0) SpO2 >94% 319 (79.0)
ACA 72 (17.8) FVC predicted >70% 164 (40.6)
Anti-SSA/SSB 51 (12.6) Anal incontinence 19 (4.7)
Anti-PM/Scl-100 25 (6.2) Diarrhoea 35 (8.7)
Negative for antibodies studied 112 (27.5) Heartburn 209 (51.7)
History of Raynaud’s phenomenon 340 (84.2) Dysphagia 125 (30.9)
Digital ulcers 51 (12.6) Constipation 46 (11.4)

IQR: interquartile range; PtGA: patient global assessment; PGA: physician global assessment; NRS: numerical rating scale; BMI: body mass index; SSc: 
systemic sclerosis; mRSS: modified Rodnan skin score; anti-SSA/SSB: anti-Sjogren’s syndrome A/Sjogren’s syndrome B; anti-PM/Scl-100: anti-poly-
myositis/scleroderma; PH: pulmonary hypertension; ILD: interstitial lung disease; SpO2: saturation of peripheral oxygen; FVC: forced vital capacity; 
lcSSc: limited cutaneous systemic sclerosis; dcSSc: diffuse cutaneous systemic sclerosis; ANA: anti-nuclear antibodies; anti-topo I: anti-topoisomerase 
I; ACA: anti-centromere antibodies;

Table 2. Association of various characteristics with different clusters and their respective proportions.

Characteristics Cluster 1 Cluster 2 Cluster 3 Cluster 4 p

n-82 (20.3%) n-141 (34.9%) n-119 (29.5%) n-62 (15.30%)

n (%)

Gender – Femalesb 71 (86.6) 137 (97.2) 111 (93.3) 60 (96.8) 0.011
lcSSca 0 0 110 (92.4) 53 (85.5) <0.0001
dcSSca 79 (96.3) 135 (95.7) 0 0 <0.0001
Anti-topo Ib,e 69 (84.1) 79 (56.0) 44 (37.0) 6 (9.7) <0.0001
ACAb 2 (2.4) 13 (9.2) 25 (21.0) 32 (51.6) <0.0001
Anti-SSA/SSBd,e 6 (7.3) 14 (9.9) 21 (17.6) 10 (16.1) 0.091
Anti-PM/Scl-100 6 (7.3) 7 (5.0) 11 (9.2) 1 (1.6) 0.196
History of RPd,e 77 (93.9) 126 (89.4) 91 (76.5) 46 (74.2) <0.0001
Digital ulcersb 24 (29.3) 6 (4.3) 17 (14.3) 4 (6.5) <0.001
Digital pitting scarsd,e 72 (87.8) 93 (66.0) 67 (56.3) 35 (56.5) <0.0001
Digital Gangrene 7 (8.5) 0 6 (5.0) 2 (3.2) 0.01
Tendon friction rubsb 32 (39.0) 0 2 (1.7) 1 (1.6) <0.0001
Large joint contracturesb 22 (26.8) 2 (1.4) 1 (0.8) 1 (1.6) <0.0001
Arthritise 32 (39.0) 26 (18.4) 31 (26.1) 6 (9.7) <0.0001
Proximal muscle weaknessa 48 (58.5) 14 (9.9) 39 (32.8) 0 <0.001
Hypertensionb 12 (14.6) 20 (14.2) 26 (21.8) 21 (33.9) 0.001
Cardiac conduction defectsb,d 0 1 1 0 0.768
Pericardial effusiond,e 6 (7.3) 8 (5.7) 19 (16.0) 8 (12.9) 0.033
Suspected PHb 2 (2.4) 16 (11.3) 17 (14.3) 9 (14.5) 0.04
ILDe 68 (82.9) 94 (66.7) 87 (73.1) 8 (12.9) <0.0001
SpO2 >94%b 55 (67.1) 116 (82.3) 93 (78.2) 55 (88.7) <0.0001
FVC predicted >70%a 25 (30.5) 60 (42.6) 20 (16.8) 59 (95.2) <0.01
Renal crisis 1 (1.2) 0 2 (1.7) 0 0.363
Anal incontinence 7 (8.5) 3 (2.1) 2 (1.7) 7 (11.3) 0.004

(Continued)
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Cluster 1

This cluster consisted of patients with diffuse skin involve-
ment, a younger age of onset and a significantly higher 
prevalence of male patients (13.4%) compared with the 
other subtypes. The predominant antibody was anti-topo I, 
which was significantly higher in proportion compared 
with the other clusters. With respect to clinical features, 
this cluster seemed to represent severe skin involvement 

Figure 2. Distribution of characteristics within each cluster in 
descending order of importance in clustering.
The left bar indicates the distribution of the absence of the charac-
teristic (darker segment) relative to that in the overall cohort (lighter 
segment).
dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous 
systemic sclerosis; FVC: forced vital capacity; mRSS: modified Rodnan 
skin score; ILD: interstitial lung disease; anti-topo I: anti-topoisomerase 
I; PGA: physician global assessment; ACA: anti-centromere antibody; 
PtGA: patient global assessment; PH: pulmonary hypertension; anti-
SSA/SSB: anti-Sjogren’s syndrome A/Sjogren’s syndrome B; anti-PM/Scl: 
anti-polymyositis/scleroderma.

Characteristics Cluster 1 Cluster 2 Cluster 3 Cluster 4 p

n-82 (20.3%) n-141 (34.9%) n-119 (29.5%) n-62 (15.30%)

n (%)

Diarrhoeab 16 (20.0) 4 (2.8) 7 (5.9) 8 (12.9) <0.0001
Heartburna 60 (73.2) 60 (42.6) 48 (40.3) 41 (51.7) <0.0001
Dysphagiab,e 48 (58.5) 29 (20.6) 27 (22.7) 21 (33.9) <0.0001
Constipatione 20 (24.4) 9 (6.4) 14 (11.8) 3 (4.8) <0.001
Continuous variables*
Age at disease onset (years)b,e 32.6 ± 10.8 32.9 ± 11.6 37.3 ± 9.88 37.2 ± 10.8 <0.0001
Disease duration (years)d 7 (4, 11) 5 (3, 10) 5 (3, 9) 10 (6, 14) 0.09
mRSSa 16 (7, 25.0) 14 (6, 23.0) 7 (2, 11.0) 4 (2, 8.0) <0.001
PtGA (NRS)e 5 (4, 7) 3 (2, 5) 4 (2, 5) 2 (1, 3.25) <0.0001
PGA (NRS)e 6 (5, 7) 4 (3,5) 4 (3, 5) 3 (2, 4) <0.0001
BMI (kg/m2)e 21.2 ± 4.75 21.5 ± 4.07 22.6 ± 3.86 23.3 ± 3.74 0.018

aEach cluster is significantly different from other clusters; bcluster 1 is significantly different from other groups; ccluster 2 is significantly different 
from other groups; dcluster 3 is significantly different from other groups; ecluster 4 is significantly different from other groups. Statistical signifi-
cance was considered at p < 0.05.IQR: interquartile range; lcSSc: limited cutaneous systemic sclerosis; dcSSc: diffuse cutaneous systemic sclerosis; 
anti-topo I: anti-topoisomerase I; ACA: anti-centromere antibody; anti-SSA/SSB: anti-Sjogren’s syndrome A/Sjogren’s syndrome B; anti-PM/Scl-100: 
anti-polymyositis/scleroderma; RP: Raynaud’s phenomenon; PH: pulmonary hypertension; ILD: interstitial lung disease; SpO2: saturation of peripheral 
oxygen; PtGA: patient global assessment; PGA: physician global assessment; BMI: body mass index; FVC: forced vital capacity; mRSS: modified Rod-
nan skin score; NRS: numerical rating scale.1–10

Continuous variables marked by * has been represented by median (interquartile range)/ mean (standard deviation) as applicable.

Table 2. (Continued)

mRSS, ILD, anti-topo I, PGA and large joint contractures 
appeared to be the most important contributors to the forma-
tion of the four clusters. The characteristics of the individual 
clusters are detailed below.

Figure 3. Overall importance of predictors in cluster 
formation.
dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous 
systemic sclerosis; FVC: forced vital capacity; mRSS: modified Rodnan 
skin score; ILD: interstitial lung disease; anti-topo I: anti-topoisomerase 
I; PGA: physician global assessment; ACA: anti-cetromere antibody; 
PtGA: patient global assessment.
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with the highest mRSS and a significantly higher preva-
lence of large joint contractures and tendon friction rubs. 
The prevalence of musculoskeletal features such as arthri-
tis and proximal muscle weakness; vasculopathic features 
such as digital ulcers and pitting scars; and gastrointestinal 
(GI) features such as diarrhoea, heartburn, dysphagia and 
constipation were significantly higher. ILD was observed 
in 82.9%, and about two-thirds (69.5%) of the patients had 
FVC <70% indicating a significant proportion of lung 
involvement. Both PtGA and PGA were higher, reflecting 
a severe phenotype.

Cluster 2

This cluster also consisted of patients with a diffuse cuta-
neous pattern having predominantly anti-topo I and a 
younger age of onset. However, unlike cluster 1, cluster 2 
seemed to have a less severe skin phenotype, reflected by 
a comparatively lower mRSS score and lower prevalence 
of large joint contractures and tendon friction rubs. ILD 
was noted in 66.7%, and a relatively lower proportion 
(57.4%) of patients had FVC <70%. Overall, the preva-
lence of musculoskeletal, GI and vasculopathic features 
was lesser compared with cluster 1.

Cluster 3

Cluster 3 was of particular interest, as it showed a limited 
pattern of skin involvement with anti-topo I as the most 
prevalent antibody. The mRSS was significantly higher 
than that in cluster 4 but lesser than that in clusters 1 and 2. 
In addition, cluster 3 had a unique antibody profile with a 
notable prevalence of other antibodies such as ACA (21%), 
anti-SSA/SSB (17.6%) and anti-PM/Scl-100 (9.2%). 
There was a significantly higher prevalence of proximal 
muscle weakness compared with cluster 2. ILD was seen 
in a notable proportion (73.1%), and the highest proportion 
of patients with FVC <70% (83.2%) was observed here. 
Digital pitting scars were found to be significantly lesser 
than the dcSSc predominant clusters

Clusters 2 and 3 did not differ significantly with 
respect to most clinical features, except for the extent of 
skin involvement, presence of autoantibodies other than 
anti-topo I, digital pitting scars and proximal muscle 
weakness.

Cluster 4

This cluster seemed to represent the group with the least 
severe skin involvement with a limited skin pattern and the 
lowest mRSS. The age of onset was significantly higher, 
and the predominant antibody was ACA (51.6%). It had a 
significantly low prevalence of musculoskeletal features 
(i.e. arthritis and proximal muscle weakness). Of particular 
note are the significantly low frequencies of ILD (12.9%) 
and patients with FVC <70% (4.8%). There was a notable 

prevalence of upper GI features such as heartburn and dys-
phagia. Reflecting the less severe phenotype, this cluster 
had the least PtGA and PGA.

In addition, the clusters with limited skin involvement 
(i.e. clusters 3 and 4) had a significantly lower prevalence 
of digital pitting scars compared with the clusters with dif-
fuse skin involvement (i.e. clusters 1 and 2).

Autoantibody and ILD association

The prevalence of ILD among the clusters with anti-
topo I (clusters 1, 2 and 3) was similar. The proportion 
of patients with FVC <70% was highest in cluster 3 
(83.2%) followed by clusters 1, 2 and 4 (69.5%, 57.4% 
and 4.8%, respectively) with significant differences 
between all the clusters. However, when the FVC values 
were studied as a continuous variable, the mean FVCs 
were similar in the three anti-topo I predominant clus-
ters (59.7 ± 19.5, 66.5 ± 16.8 and 59.3 ± 14, respec-
tively), while the ACA predominant cluster 4 had a 
significantly higher mean FVC (83.8 ± 13.2) and the 
lowest proportion of ILD patients (12.9%). In cluster 3, 
even though there were several autoantibodies in addi-
tion to anti-topo I, no independent association between 
these autoantibodies and ILD was established.

Discussion

We present an exploratory cluster analysis of 404 SSc 
patients fulfilling the 2013 ACR-EULAR classification 
criteria from the baseline data (recorded at the time of 
recruitment) of the IPSSR registry. Unsupervised two-step 
cluster analysis was performed to identify clusters of 
homogeneous patients based on 34 clinically relevant vari-
ables. Overall, the cohort consisted of prevalent cases and 
younger patients and was female predominant, which cor-
roborates the findings of several studies that have shown 
that Asian SSc patients have a relatively younger onset of 
disease compared with their Caucasian counterparts.18,26–28 
Our cohort had a greater proportion of patients with a dif-
fuse pattern of cutaneous involvement, similar to others 
demonstrating higher prevalence and regional differences 
in South Asia.18,27–32 The predominant antibody in our 
cohort was anti-topo I, followed by ACA, anti-SSA/SSB 
and anti-PM/Scl-100. Around one-fourth of the patients 
were negative for all the antibodies studied, probably 
related to the utilization of ANA blot for antibody assays 
without an SSc-specific antibody panel (as the extended 
scleroderma blot was not available in all centres); hence, 
antibodies such as anti-RNA polymerase III and anti-Ku 
would not be captured. Like other Indian studies, our 
cohort was also found to have a very low prevalence of 
scleroderma renal crisis.18,33

The exploratory two-step cluster analysis provided 
four clusters, of which three were anti-topo I predominant 
and one was ACA dominant. Among these clusters, two 
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were dcSSc and another two were lcSSc predominant. 
Sobanski et al. performed exploratory cluster analysis 
using unsupervised machine learning on the EUSTAR 
cohort consisting of approximately 7000 SSc patients. 
Their primary analysis also revealed two clusters similar 
to our initial analysis that partially overlapped with the 
classical lcSSc and dcSSc, while exploratory analysis 
yielded six distinct clusters with unique features.11

In our study, cluster 1 seemed to have the most severe 
phenotype characterized by the highest proportion of 
dcSSc patients, the highest median mRSS, males, a 
younger age of onset, the highest proportion of anti-topo 
I positivity and a higher proportion of musculoskeletal, 
vasculopathic, GI and lung disease. Irrespective of the 
initial course, cluster 1 with a high prevalence of end-
organ damage remained the cluster with a high mRSS at 
the time of data collection for this study. This cluster 
was similar to cluster 6 in the EUSTAR analysis which 
also exhibited a high proportion of dcSSc, anti-topo I, 
males, the highest mean peak mRSS and a high fre-
quency of musculoskeletal, GI, lung, renal and cardiac 
disease.11 Cluster 2 in our analysis also consisted pre-
dominantly of dcSSc, however with a lesser proportion 
of anti-topo I positivity. The median mRSS and the 
prevalence of musculoskeletal, GI, vasculopathic and 
lung disease were lower than those in cluster 1. This 
cluster resembled cluster 5 in the EUSTAR study, which 
consisted of mainly dcSSc and a similar prevalence of 
anti-topo I positivity.11

Cluster 3 in our cohort consisted predominantly of 
lcSSc with notable co-prevalence of ACA, anti-SSA/SSB 
and anti-PM/Scl-100 in addition to anti-topo I. 
Interestingly, it had the highest prevalence of severe lung 
involvement in terms of FVC <70%, which was noted in 
about four-fifths. This cluster was similar to cluster 2 of 
the EUSTAR cohort which was composed predominantly 
of lcSSc, with a higher frequency of lung involvement 
and co-prevalence of anti-topo I and ACA.11 Cluster 4 
seemed to represent the least severe group characterized 
by a predominance of lcSSc, least median mRSS, ACA 
positivity, older age at onset, least prevalence of muscu-
loskeletal and lung involvement and a notable frequency 
of some GI features. This cluster resembled cluster 1 of 
the EUSTAR analysis, which had a majority of lcSSc, 
older age of onset, low proportion of ILD, but a high 
prevalence of GI features.11

Our clusters 2 and 3 did not seem to differ significantly 
with respect to organ involvement, except for the extent of 
skin involvement, presence of multiple autoantibodies, 
lower frequency of digital pitting scars and a higher fre-
quency of proximal muscle weakness in cluster 3. The 
greater prevalence of proximal muscle weakness in cluster 
3 may be related to the presence of anti-PM/Scl-100 asso-
ciated with overlap syndromes. Digital pitting scars were 
found to be more common in the dcSSc clusters compared 
with the lcSSc clusters.

Traditionally, antibodies have been thought to play a 
major role in determining the extent of cutaneous involve-
ment, such as the strong association of ACA with lcSSc 
and anti-topo I with dcSSc. However, several observa-
tional studies have shown that anti-topo I can also occur in 
lcSSc, with around 13%–15% of lcSSc patients having 
anti-topo I.8,9,34 Nihtyanova et al.8 described a novel clas-
sification by combining several autoantibody specificities 
and the extent of skin involvement in a cohort of 1325 SSc 
patients, which provided a more precise outcome-based 
stratification than the classical lcSSc and dcSSc. In our 
analysis, patients with lcSSc who had anti-topo I positivity 
were classified into cluster 3, hence reconfirming that anti-
topo I is not exclusively associated with dcSSc.

The association of anti-topo I with ILD has been well 
established. In our study, we found that all three clusters 
with anti-topo I predominance have a higher proportion  
of ILD, irrespective of the extent of skin involvement. 
Although the proportion of patients with FVC <70% was 
highest in cluster 3, mean FVC values and the prevalence 
of ILD were similar in all three. The moderate–severe 
FVC restriction in clusters 1, 2 and 3 could be due to the 
large proportion of prevalent cases (97%) in the cohort 
with long-standing disease (median disease duration of 6  
(4,11) years). Cluster 4 characterized by lcSSc and ACA 
predominance had a significantly low proportion of 
patients with ILD as well as FVC <70% and the highest 
mean FVC. Therefore, our study agrees with other studies 
that have shown that the frequency of ILD is similar in 
anti-topo I-positive dcSSc and lcSSc patients.8–10 These 
studies have also shown the survival advantage of anti-
topo I-positive lcSSc patients over anti-topo I-positive 
dcSSc patients. This may be explained by the lower inci-
dence of other internal organ involvement such as PH and 
cardiac involvement in anti-topo I-positive lcSSc com-
pared with anti-topo I-positive dcSSc patients. Although 
we could confirm the similar frequency of ILD in anti-
topo I-positive lcSSc and dcSSc, we could not demon-
strate differences in (suspected) PH and cardiac 
involvement probably due to the low capture of these 
parameters in our cohort. Zanatta et al.,35 obtained similar 
results in their study on a large EUSTAR cohort and, in 
addition, reported that the risk of ILD progression was 
significantly lower in the anti-topo I-positive lcSSc 
patients than in anti-topo I-positive dcSSc but similar 
across the other lcSSc subtypes35. This aspect can be stud-
ied in the future follow-up of our cohort as well.

Our study corroborates the results from previous stud-
ies demonstrating the heterogeneity of SSc and yet the pos-
sibility of subgrouping beyond the classical dcSSc and 
lcSSc. We used real-life baseline data from a multicentric 
registry, which is likely to be fairly representative of the 
Indian cohort of SSc patients. We reconfirm that the sclero-
derma renal crisis is rather infrequent in the SSc population 
in the Indian subcontinent. However, our analysis had limi-
tations as well. Our data were captured in a cross-sectional 
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manner, for both the prevalent and incident cases. 
Therefore, the early course of the disease and those with 
early mortality may be underrepresented, especially as 
prevalent cases constituted the majority in the cohort. In 
addition, for prevalent cases, serial mRSS and FVC values 
prior to recruitment were not captured; hence, the temporal 
course of these variables was unavailable. Our cohort had 
a fairly large number of patients who tested negative for all 
the antibodies studied, possibly due to the use of the 
Euroimmun ANA EUROLINE assay for autoantibody pro-
filing in accordance with prevalent practice, which does 
not include several SSc-specific antibodies including the 
anti-RNA polymerase III.

Despite these limitations, we strongly feel that this 
study provides insight into the heterogeneous nature of 
SSc and can be further explored. We are working on a lon-
gitudinal follow-up of these patients to observe the disease 
course and outcomes of the clusters in terms of organ 
involvement (including progression of ILD and skin 
involvement) and mortality so as to discern their utility in 
clinical practice with respect to therapeutics, prognosis 
and survival. Our findings have to be validated in other 
regional cohorts to establish the stability and reproducibil-
ity of these clusters. Once validated, these clusters may be 
helpful in the early prognostication and risk stratification 
of SSc patients at the time of initial evaluation.

Conclusion

The IPSSR serves as a valuable nationwide source of data 
on Indian SSc patients. In this cohort, the exploratory clus-
ter analysis revealed four scleroderma clusters, reflecting 
the heterogeneous nature of the disease. We reconfirm that 
lcSSc can also be associated with anti-topo I, organ 
involvement and more severe disease. We also report that 
clusters with a higher prevalence of anti-topo I have a 
higher proportion of ILD, irrespective of the extent of skin 
fibrosis. Prospectively, we intend to follow-up with these 
patients to study the disease course and the outcomes in 
each cluster and determine their relevance in terms of 
prognosis and survival.
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