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Abstract
Objective
The gastrointestinal tract (GIT) is frequently involved in systemic sclerosis (SSc) and is responsible for alteration of
quality of life. Many complications can occur, including chronic intestinal pseudo-obstruction, digestive haemorrhage
and small-intestinal bacterial overgrowth. Since early development of organ failure is associated with poor prognosis,
we need to identify risk factors associated with severe GIT involvement to prevent severe forms of the disease.

Methods
We conducted an observational prospective study, which included 90 SSc patients from December 2019 to September
2021. We collected questionnaires about digestive manifestations and quality of life, blood and stool samples, and
performed imaging. At inclusion and throughout the study we assessed the occurrence of malnutrition and severe
GIT disorders. We performed statistical analysis to highlight eventual risk factors associated with digestive
manifestations, including hierarchical cluster analysis.

Results
A majority of our patients had gastro-oesophageal manifestations (93.3%), followed by intestinal manifestations
(67.8%) and anorectal manifestations (18.9%). We found a correlation between anorectal disorders and cardiac disease,
and between gastro-oesophageal involvement and impaired pulmonary function tests. Smoking was significantly
associated with occurrence of severe GIT disorders. Malnutrition was frequent and associated with more cardiac and
pulmonary disease. Cluster analysis identified three groups of patients, including one cluster with cardiac and
digestive involvement.

Conclusion
GIT manifestations are frequent and severe in SSc. Smoking appears to be associated with severe disease.
Anorectal manifestations may be associated with cardiac disease, but we need more studies to validate these results.

Key words
systemic sclerosis, gastrointestinal

Clinical and Experimental Rheumatology 2024; 42: 1656-1664.



Gastrointestinal disorders in SSc / C. Molliere et al.

Chloé Molliere, PhD

Alexis F. Guédon, PhD

Nathalie Kapel, PhD

Frédéric de Vassoigne, MSc

Farouk Graiess, PhD

Patricia Senet, MD, PhD

Carlotta Cacciatore, PhD

Chloé McAvoy, MSc

Olivier Fain, MD, PhD

Sébastien Riviere, PhD

Arsene Mekinian, MD, PhD

Please address correspondence to:
Arsene Mekinian

Service de Médecine Interne,
Hopital Saint-Antoine (APHP),

184 rue de Faubourg Saint-Antoine,
75012 Paris, France.

E-mail: arsene mekinian@aphp fr
Received on May 14, 2024; accepted in
revised form on July 25, 2024.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2024.

Competing interests: none declared.

Clinical and Experimental Rheumatology 2024

Introduction

Systemic sclerosis (SSc) is an autoim-
mune connective tissue disease char-
acterised by alteration of conjunctive
tissue and vascular obliteration, leading
to fibrosis of the skin and multi-organ
dysfunction (1, 2).

The gastrointestinal tract (GIT) is the
second most involved organ after the
skin in SSc (3) and every segment from
the mouth to the anus can be affected
(4). GIT manifestations occur in 70-90%
of patients with SSc (5-7). Among GIT
manifestations, oesophageal involve-
ment is the most common manifestation
and concerns about 80% of the patients
(8). Other GIT manifestations often re-
ported include gastroparesis, nausea,
bloating, abdominal pain, constipation,
diarrhoea and anorectal manifestations
such as anal incontinence or rectal pro-
lapse (9). GIT disorders in SSc can be
complicated by digestive haemorrhage
secondary to vascular lesions such as
small bowel angiodysplasia (10) or gas-
tric antral vascular ectasia (GAVE) (11),
which is associated with a higher mor-
tality (12). Due to intestinal dysmotility,
chronic intestinal pseudo-obstruction
(CIPO) (13, 14) and small intestinal
bacterial overgrowth (SIBO), concern-
ing 30-62 % of the patients (15), are
responsible for malnutrition and associ-
ated with mortality in 50% of the cases
(16,17). Malnutrition is frequent in SSc
and seems to be associated with more
aggressive disease progression (18, 19).
GIT disorders can also be complicated,
in case of severe constipation, by diver-
ticulosis and sometimes intestinal perfo-
ration and peritonitis (19, 20). Finally,
GIT involvement seems to be responsi-
ble for 10% of death in SSc (18).
Identification of risk factors associated
with GIT manifestations in SSc would
allow to better identify patients suscep-
tible to develop a GIT involvement. In
a recent multicentric prospective study
of 834 patients, authors identified sev-
eral risk factors of severe GIT mani-
festations including positivity of anti-
centromeres antibodies (ACA), smok-
ing status and steroids use, whereas
calcium channel blockers appear to be
protective (21).

In this study, we evaluated the preva-
lence of GIT manifestations in SSc and

analysed in cluster independent analy-
sis the risk factors associated with se-
vere GIT involvement and overall
prognosis.

Patients and methods

Study design

We conducted a prospective obser-
vational study in Saint-Antoine and
Tenon Hospitals (Paris, France) which
included 90 patients followed for
SSc according to ACR/EULAR 2013
(American College of Rheumatology/
European League Against Rheuma-
tism) classification criteria (22) from 26
December 2019 to 14 September 2021.
Patients were consecutively included
during their hospitalisation or visit in
the Department of Internal Medicine
during the study period. This investiga-
tion was conducted in compliance with
the protocol of Good Clinical Practices
and Declaration of Helsinki principles.
Patients gave written informed consent
to the use of their data.

Data collection and outcomes

General data about the disease (demo-
graphics, date of SSc diagnosis cor-
responding to the first non-Raynaud
symptom reported, subset of SSc, cardi-
ovascular risk factors, associated diseas-
es, various organ involvements, autoan-
tibody status, specific treatments) were
extracted from a database previously
constituted. Various organ involvements
included interstitial lung disease, evalu-
ated by computed tomography (CT)-
scan, cardiac disease (defined by pres-
ence of diastolic ventricular dysfunction
or arrhythmia or atrioventricular block
or pericarditis), pulmonary hyperten-
sion (confirmed by right-heart catheteri-
sation), history of sclerodermic renal
crisis and articular involvement.

For gastrointestinal involvement, we
collected digestive symptoms reported
by the patient by oral interrogation
and by UCLA-SCTC GIT 2.0 Instru-
ment and s-HAQ questionnaires, and
we performed stool and blood sam-
ples and intestinal imaging (CT-scan
and/or MRE). The UCLA-SCTC GIT
2.0 Instrument is a seven-item scale
including reflux, distention/bloating,
diarrhoea, faecal soilage, constipa-
tion, emotional well-being, and social
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functioning capturing SSc-related GIT
symptoms and their severity based on
the frequency of occurrence. The to-
tal UCLA GIT score is the sum of all
scales (except constipation) and ranges
from 0 to 2.83 providing an estimation
of the severity of GIT involvement.
S-HAQ questionnaire is a validated
score used to evaluate quality of life
of patients. The measurement of fae-
cal calprotectin was performed using
the automated LIAISON Calprotectin
assay (DiaSorin Inc., Italy) and testing
was performed following the manu-
facturer’s instructions on the DiaSorin
LIAISON XL (DiaSorin Inc.). Faecal
calprotectin over 50 pg/g was consid-
ered as abnormal. Severe gastrointes-
tinal events were defined as follow:
malnutrition (as defined by the Haute
Autorité de Santé: Body Mass Index
<18.5 kg/m? or 22 kg/m? in adult older
than 70 years old, or albumin <35 g/l or
loss of weight >10% within 6 months
or >5% within 1 month), occurrence
of a composite criteria including small
intestinal bacterial overgrowth, chronic
intestinal pseudo-obstruction or diges-
tive haemorrhage.

Statistical analysis

Continuous variables were expressed
as medians (interquartile ranges
[IQR]), and qualitative variables were
expressed as numbers (proportions).
Qualitative variables and quantitative
variables were compared using Fish-
er and Kruskal-Wallis tests, respec-
tively. Cumulative incidence curves
of outcomes were generated using
Kaplan-Meier and compared using the
logrank-test. We used Cox model to ob-
tain Hazard Ratio (HR). Proportional
hazards assumptions were checked us-
ing Schoenfeld residuals. We consid-
ered the date of the signed consent as
the inclusion date and the date of last
hospital contact or the outcome occur-
rence date as the last follow-up date.
Two-sided testing was used, with p<.05
considered statistically significant. All
analyses were performed using R soft-
ware 4.2.2 version for Mac (Foundation
for Statistical Computing, Vienna, Aus-
tria). Finally, we used factor analysis of
mixed data (FAMD), handling missing
data by using multiple imputation, with
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the R missMDA package v1.18 (24).
Then we performed hierarchical cluster
analysis based on FAMD coordinates
by using Euclidean distance. We used
three different methods to determine
the optimal number of clusters. All
methods suggested three clusters (Sup-
plementary Fig. S1).

Results

Cohort description

We included 90 patients in this study,
with 76 female sex (84.4%), a median
age of 55.7 years (IQR 44.3-64.4), 64
limited cutaneous SSc (1cSSc) (71.1%)
and 26 diffuse cutaneous SSc (dcSSc)
(28.9%). Median disease duration was
93 months (IQR 23-217). Demographic
and disease characteristics are summa-
rised in Table I.

Almost all patients (96%) complaint at
least with one of gastrointestinal symp-
toms (Table I), 3 patients had a history
of chronic intestinal pseudo-obstruc-
tion (3.3%) and 5 were treated by cy-
clical courses of antibiotics for small
intestinal bacterial overgrowth (5.6%).
Finally, 84 patients (93.3%) were clas-
sified in “gastro-oesophageal involve-
ment” group defined by the presence
of reflux or dysphagia, 61 patients
(67.8%) in “intestinal involvement”
group defined by the presence of con-
stipation and/or diarrhoea or chronic
intestinal pseudo-obstruction or small
intestinal bacterial overgrowth and 17
patients (18.9%) in “anorectal involve-
ment” group defined by the presence of
anal incontinence. UCLA-SCTC GIT
2.0 scores are in Table I. Albumin was
under 35 g/l for 10 patients (11.1%).
Faecal calprotectin (n=54 patients)
showed a median at 37.5 pg/g (IQR
15.25-94.50); between 50 and 150 png/g
for 12 patients (13.3%) and greater than
150 pg/g for 6 patients (6.7%). Thirty-
five patients had an MRE and only two
showed a moderate parietal thickening
of small bowel wall without stenosis
and global jejunal dysmotility without
bowel parietal thickening. Thirty-five
patients had a CT scan including 18
abnormal findings (20%): 1 patient had
a pseudo-occlusion with intestinal dis-
tension (measured to 28 mm; no MRE
available for this patient) and 17 had an
oesophageal dilatation.

Comparison of patients

by segments of GIT involved

We compared features of patients in
“gastro-oesophageal involvement”,
“intestinal involvement” and “anorec-
tal involvement” groups (Suppl. Tables
S1-S3) and according to the number
of digestive segments involved (Table
IT). Patients with gastro-oesophageal
involvement (Suppl. Table S1) had a
significantly higher UCLA “reflux”
score than patients without gastro-oe-
sophageal involvement (0.38 vs. 0.0,
p=0.011), higher faecal calprotectin
levels (44.50 vs. 6.50 pg/g, p=0.007),
and modified Rodnan skin score (8 vs.
3, p=0.034). Interestingly, almost all
parameters of pulmonary function tests
were significantly worse in patients
with  gastro-oesophageal involve-
ment (Suppl. Table S1). Patients with
intestinal involvement (Suppl. Table
S2) had more reflux (81.7 vs. 55.2%,
p=0.017), more dysphagia (33.9 vs.
10.3%, p=0.035) and more anal incon-
tinence (27.1 vs. 3.6%, p=0.022) than
patients without intestinal involve-
ment. The quality of life of patients
with intestinal involvement was sig-
nificantly altered, as attested by higher
UCLA “emotional well-being” score
(044 vs. 022, p=0.03), UCLA “so-
cial functioning” score (0.33 vs. 0.0,
p=0.001) and s-HAQ score (0.2 vs.0.0,
p=0.04). Patients with anorectal in-
volvement (Suppl. Table S3) had more
cardiac manifestations (47.1 vs. 13.7%,
p=0.006). All items constitutive to the
UCLA score were significantly higher
in patients with anorectal involvement
with quality of life significantly altered
in this group. The prevalence of cardiac
disease significantly increased with the
number of digestive segments involved
(50% vs. 18.2% vs. 7.7% vs. 0% with
3,2, 1 or 0 digestive segments involved
respectively, p=0.006) (Table II).

Cluster analysis

Clustering of individuals based on the
selected variables yielded a number
of 3 clusters (Fig. 1A-B). Results are
presented in Table III. Cluster 1, “mild
limited cutaneous systemic sclerosis”
(n=25) was only composed of 1cSSc
patients, more frequent anti-centromer-
es antibodies (88% vs. 34.6%, p<0.001

Clinical and Experimental Rheumatology 2024
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Table I. Demographic and disease characteristics at inclusion.

Overall n=90

Age, year median (IQR) 557 (44.3-644)
Female, n (%) 76 (84.4)
Smoking, n (%) 31 (344
Body mass index (kg/m?), median (IQR) 242 (20.7-27.8)
Body mass index <18.5 kg/m?, n (%) 10 (11.1)
Arterial hypertension, n (%) 26 (28.9)
Diabetes, n (%) 6 (6.7)
Limited cutaneous SSc, n (%) 64 (71.1)
Disease duration, months median (IQR) 93 (23-217)
Associated diseases:

Sjogren’s syndrome, n (%) 14 (15.6)
Autoimmune thyroiditis, n (%) 6 (6.7)
Primary biliary cholangitis, n (%) 6 (6.7
Raynaud, n (%) 88 (97.8)
mRSS, median (IQR) 7.5 (3.8-12.3)
Digital ulcers, n (%) 44 (48.9)
Active digital ulcers, n (%) 14 (15.6)
Telangiectasia, n (%) 53 (58.9)
Interstitial lung disease*, n (%) 33 (36.7)
Cardiac disease>, n (%) 18 (20)
Pulmonary hypertension®, n (%) 4 (44
Articular involvement, n (%) 33 (36.7)
Scleroderma renal crisis history, n (%) 1 (1.1)
Serum creatinine (umol), median (IQR) 60.5 (53.3-74.3)
Anti-nuclear antibodies, n (%) 81 (90)
Anti-Scl70 antibodies, n (%) 26 (28.9)
Anti-centromere antibodies, n (%) 32 (35.6)
Anti-RNA POL3 antibodies, n (%) 7 (7.8)
Anti-PM/SCL antibodies, n (%) 3 (3.3)
Treatment:

Steroids, n (%) 23 (25.6)

IS treatment without steroids®, n (%) 30 (33.3)
Calcium channel blockers, n (%) 62 (68.9)
Bosentan, n (%) 7 (7.8)
Sildenafil, n (%) 7 (7.8)
Proton pump inhibitors, n (%) 73 (81.1)
Reflux, n (%) 65 (72.2)
Dysphagia, n (%) 23 (25.6)
Vomiting, n (%) 8 (8.9)
Abdominal pain, n (%) 28 (31.1)
Diarrhoea, n (%) 36 (40)
Constipation, n (%) 44 (48.9)
CIPO, n (%) 3 (3.3)
SIBO, n (%) 5 (5.6)

Anal incontinence, n (%) 17 (18.9)
Gastro-oesophageal involvement, n (%) 84 (93.3)
Intestinal involvement, n (%) 60 (66.7)
Anorectal involvement, n (%) 17 (18.9)
UCLA reflux, median (IQR) 0.38 (0.12-0.62)
UCLA distension/bloating, median (IQR) 0.75 (0.25-1.50)
UCLA diarrhoea, median (IQR) 0.00 (0.00-1.00)
UCLA faecal soilage, median (IQR) 0.00 (0.00-0.00)
UCLA constipation, median (IQR) 0.25 (0.00-0.50)
UCLA social functioning, median (IQR) 0.17 (0.00-0.50)
UCLA emotional well-being, median (IQR) 044 (0.11-0.69)
UCLA total score, median (IQR) 042 (0.16-0.71)
s-HAQ, median (IQR) 0.15 (0.00-0.70)
Albumin (g/1), median (IQR) 41 (36.8-43.0)
Calprotectin (ug/g), median (IQR) 375 (15.3-94.5)
Abnormal MRE, n (%) 2 (22)
Abnormal CT-scan, n (%) 18 (20)

*Interstitial lung disease: evaluated by CT-scan.

wCardiac disease: presence of diastolic ventricular dysfunction or arrhythmia or atrioventricular block
or pericarditis.

fPulmonary hypertension: measured by right-heart catheterisation.

°Including cyclophosphamide, mycophenolate mofetil, rituximab and methotrexate.

IS: immunosuppressive; mRSS: modified Rodnan skin score.
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and 6.1%, p<0.001 in cluster 2 and 3,
respectively). They had less frequent
intestinal (44%) or anorectal involve-
ment (4%) than cluster 2 (88.9% and
59.3%, p=0.003 and p<0.01, respec-
tively). They also had a better diffusing
capacity for carbon monoxide (median
[IQR]: 78.50 [70.25, 84.00], p<0.001)
compared to cluster 2 (median [IQR]:
53.00 [47.25, 60.25], p=0.085). Those
patients had less frequent immuno-
suppressive treatments (8% vs. 37%,
p=0.031 and 68.4%, p<0.001 in cluster
2 and 3, respectively).

Cluster 2 “SSc with cardiac and diges-
tive involvement” (n = 27) have more
frequent intestinal (88.9%) or anorec-
tal involvement (59.3%) than cluster 1
(44% and 4%, p=0.002 and p<0.001,
respectively) and cluster 3 (65.8% and
0.0%, p=0.07 and p<0.001, respective-
ly). Patients from cluster 2 had more
frequent heart involvement (44.4%
vs. 4%, p=0.002 and 13.2%, p=0.01 as
compared to cluster 1 and 3 respective-
ly), higher BNP levels (median [IQR]:
91.0 [27.0,244.5] vs. 44.0 [20.0, 85.0],
p=0.03 and 27.0 [19.0, 42.0], p=0.01
compared to cluster 1 and cluster 3
respectively). They also had higher
troponin levels than cluster 1 (median
[IQR]: 8.5[3.0,21.5] vs.3.0 [2.0,8.0],
p=0.04) and more frequent pericardial
effusion (26.9% vs. 0.0% p<0.01).
Cluster 3 “SSc with cutaneous and
pulmonary involvement” (n = 38) in-
cluded 19 patients (50%) with diffuse
cutaneous systemic sclerosis. They had
higher modified Rodnan skin score (10
vs. 7 as compared to cluster 2, and 3 as
compared to cluster 1, p<0.001), more
interstitial lung disease compared to
cluster 1 (61.1% vs. 20%, p<0.001).
They also had more frequent immuno-
suppressive treatments than cluster 2
(68.4% vs.37%,p=0.02).

Regarding survival analyses, we did
not find any difference regarding time
to severe digestive outcome survival
between clusters (5-years cumulative
outcome events [95%CI: 9.1% [0.0;
24.6] in cluster 1, 9.1% [0.0, 20.3] in
cluster 2 and 9.66% [0.0; 21.6] in clus-
ter 3, global logrank test: 0.80).
Finally, UCLA “emotional well-being”
score was significant elevated in cluster
2 (0.67 vs. 0.28, p 0.009 as compared
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Table II. Characteristics of patients according to the number of digestive segments involved.

Number of digestive segments involved ph

Overall n=90 0 (n=4) 1 (n=26) 2 (n=44) 3 (n=16)

Female, n (%) 4 (100) 22 (84.6) 35 (79.5) 15 (93.8) 0.458
Age, year median (IQR) 68.9 (59.3-70.8) 56.7 (49.5-64.5) 524 (42.0-62.0) 61.5 (45.6-68.8) 0.253
Arterial hypertension, n (%) 2 (50) 8 (30.8) 12 (27.3) 4 (25) 0.780
Diabetes, n (%) 0 (0.0) 4 (154) 2 (45) 0 (0.0) 0.178
Smoking, n (%) 2 (50) 10 (38.5) 13 (29.5) 6 (37.5) 0.765
1cSSc, n (%) 4 (100) 21 (80.8) 27 (61.4) 12 (75) 0.175
BMI, median (IQR) 255 (24.1-26.1) 25.6 (22.3-28.9) 23.1 (20.1-27.4) 224 (20.7-28.1) 0.521
Digital ulcers, n (%) 0 (0.0) 11 (42.3) 26 (59.1) 7 (43.8) 0.099
Active digital ulcers, n (%) 0 (0.0) 3 (11.5) 4 (9.1) 5 (31.2) 0.121
Telangiectasia, n (%) 2 (50) 15 (57.7) 27 (61.4) 9 (56.2) 0.959
mRSS, median (IQR) 3 (0.0-6.3) 6.5 (2.5-10.0) 9 (5.0-15.5) 8 (2.5-11.5) 0.168
Interstitial lung disease®, n (%) 0 (0.0) 10 (38.5) 18 (40.9) 5 (31.2) 0.408
Cardiac disease®, n (%) 0 (0.0) 2 (7.7) 8 (18.2) 8 (50) 0.006
Pulmonary hypertension £, n (%) 0 (0.0) 1 (10) 2 (154) 1 (12.5) 0.960
Articular involvement, n (%) 0 (0.0) 9 (34.6) 20 (46.5) 4 (25.0) 0.167
Scleroderma renal crisis history, n (%) 0 (0.0 1 (3.8) 0 (0.0 0 (0.0) 0.477
Anti-centromere antibodies, n (%) 3 (75 11 (45.8) 12 (30.0) 6 (37.5) 0.258
Anti-Scl70 antibodies, n (%) 0 (0.0) 8 (33.3) 15 (37.5) 3 (18.3) 0.287
Anti-RNA POL3 antibodies, n (%) 0 (0.0 3 (12.5) 4 (10.0) 0 (0.0) 0474
Anti-PM/SCL antibodies, n (%) 0 (0.0 0 (0.0) 2 (5.0) 1(6.2) 0.658
Reflux, n (%) 0 (0.0 15 (57.7) 37 (86.0) 13 (81.2) <0.001
Dysphagia, n (%) 0 (0.0 3 (11.5) 16 (38.1) 4 (25.0) 0.06
Vomiting, n (%) 0 (0.0) 0 (0.0) 7 (16.7) 1 (6.2) 0.108
Abdominal pain, n (%) 1 (25.0) 6 (23.1) 9 (214) 12 (75.0) 0.001
Diarrhoea, n (%) 0 (0.0 0 (0.0) 22 (51.2) 13 (81.2) <0.001
Constipation, n (%) 0 (0.0 4 (154) 27 (62.8) 13 (81.2) <0.001
POIC, n (%) 0 (0.0) 0 (0.0) 1 (24 2 (12.5) 0.163
SIBO, n (%) 0 (0.0) 0 (0.0) 2 (4.8) 3 (18.3) 0.077
Anal incontinence, n (%) 0 (0.0) 0 (0.0) 1 24 16 (100) <0.001
UCLA reflux, median (IQR) 0 (0.0-0.0) 0.25 (0.12-0.47) 0.31 (0.12-0.75)  0.62 (0.25-0.75) 0.046
UCLA distension/bloating, median (IQR) 0.25 (0.25-0.25) 0.25 (0-0.50) 0.75 (0.25-1.5) 1.38 (0.94-1.75) 0.001
UCLA diarrhoea, median (IQR) 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-1.0) 1.0 (0.38-1.50) <0.001
UCLA faecal soilage, median (IQR) 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0) 1.0 (1.0-1.0) <0.001
UCLA constipation, median (IQR) 0 (0.0-0.0) 0 (0.0-0.25) 0.25 (0.0-0.50) 044 (0.25-1.0) 0.008
UCLA social functioning, median (IQR) 0.08 (0.04-0.13) 0.17 (0.0-0.29) 0.17 (0.0-0.37) 0.67 (0.29-0.87) 0.002
UCLA emotional well-being, median (IQR) 0 (0.0-0.0) 0.28 (0.0-0.44) 0.33 (0.11-0.50)  0.78 (0.53-1.0) 0.001
UCLA total, median (IQR) 0.06 (0.05-0.06) 0.19 (0.11-0.30) 044 (0.21-0.62) 095 (0.75-1.04) <0.001
s-HAQ, median (IQR) 0 (0.0-0.0) 0.05 (0.0-0.46) 0.12 (0.0-0.69) 0.48 (0.24-0.92) 0.026
Albumin (g/l), median (IQR) 41.1 (37.7-41.1) 414 (38.8-42.3) 41.0 (354-43.1)  37.6 (33.9-42.8) 0.685
Calprotectin (ng/g), median (IQR) 30 (1.5-45) 245 (14.3-84.5) 76.0 (19.0-118.0) 37.0 (8.0-86.0) 0.050
Steroids, n (%) 0 (0.0) 8 (30.8) 13 (30.2) 9 (56.2) 0.111
IS treatment without steroids, n (%) 0 (0.0) 13 (50.0) 18 (40.9) 7 (43.8) 0.306
Calcium channel blockers, n (%) 4 (100) 19 (73.1) 28 (65.1) 11 (68.8) 0.510
Bosentan, n (%) 0 (0.0 0 (0.0) 5 (11.6) 2 (12.5) 0.275
Sildenafil, n (%) 0 (0.0 3 (11.5) 2 (4.7) 2 (12.5) 0.591
Proton pump inhibitors, n (%) 0 (0.0 22 (84.6) 37 (86.0) 14 (87.5) <0.001

*Interstitial lung disease: evaluated by CT-scan.

wCardiac disease: presence of diastolic ventricular dysfunction or arrhythmia or atrioventricular block or pericarditis.
“Pulmonary hypertension: measured by right-heart catheterisation.
°Including cyclophosphamide, mycophenolate mofetil, rituximab and methotrexate.
AGlobal comparison of each group. Qualitative variables and quantitative variables were compared using Fisher and Kruskal-Wallis tests, respectively.
IS: immunosuppressive; mRSS: modified Rodnan skin score.

to cluster 1; 0.67 vs. 0.22, p<0.001 as
compared to cluster 3), suggesting a
worse quality of life in cluster 2 com-
paring to cluster 1 and 3.

Outcome and risk factors

of severe GIT involvement
Median time of follow up was 17
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months (IQR 12-21). At the end of the
follow up, 6 patients had died: from
cardiogenic shock (n=2), neuroendo-
crine cancer (n=1), SARS-CoV-2 in-
fection (n=1) and from unknown cause
(n=2). There were 28 patients (31.1%)
with malnutrition and 9 patients (10 %)
with at least one episode of digestive

haemorrhage, small intestinal bacterial
overgrowth or chronic intestinal pseu-
do-obstruction. Patients with malnutri-
tion had more frequently diffuse cuta-
neous SSc (79% vs. 53.6%, p=0.027),
more interstitial lung disease (57.1%
vs. 27.4%, p=0.013) and more cardiac
disease (39.3% vs. 11.3%, p=0.005)

Clinical and Experimental Rheumatology 2024
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Fig. 1. Unsupervised analysis of patients with SSc.

(A) The hierarchical clustering on principal components analysis of patients with SSc revealed three
clusters (variables included are listed in the supplementary material). (B) Factor map showing the

individuals used to generate the dendrogram.

(Suppl. Table S4). No patient without
malnutrition died at the end of follow-
up whereas 4 patients with malnutri-
tion died (p=0.013). Bivariate analysis
of factors associated with the occur-
rence of severe GIT events showed a
higher proportion of smokers (77.8%
vs.29.6%, p=0.012) and a smaller BMI
(18.6 vs. 2425 kg/m?, p=0.027) as
compared to patients without compos-
ite criteria outcome (Suppl. Table S5).
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Smoking was associated with a signifi-
cantly higher risk for the composite of
digestive haemorrhage or chronic intes-
tinal pseudo-obstruction or small intes-
tinal bacterial overgrowth (adjusted HR
11.87, p=0.024,95% CI 1.38-102.25).

Discussion

Most of our patients suffered from
digestive impairment and the gastro-
oesophageal involvement was pre-

dominant (93.3%). These results are
concordant with the prevalence of oe-
sophageal involvement reported in lit-
erature (8). As previously reported in
several studies, we found that intestinal
and anorectal involvements are associ-
ated with altered quality of life (6, 25).
In this study, we identified several phe-
notypes of GIT involvements using
cluster unsupervised analysis. Indeed,
we identified 3 phenotypes which dis-
tinguish 1cSSc with anti-centromeres
antibodies, more intestinal and anal GIT
profile composed with heart involve-
ment, and cluster of patients with lung
disease and diffuse SSc associated with
anti-Scl70 antibodies. Interestingly,
the first patients’ profile with prevalent
gastro-oesophageal involvement have
also more frequent impaired lung func-
tional tests. Indeed, some authors have
described a correlation between reflux
and interstitial lung disease, mainly by
inhalation of gastric liquid (26, 27).
Gastro-oesophageal involvement was
significantly associated with increased
faecal calprotectin, although faecal cal-
protectin remains normal in most pa-
tients (28, 29). Furthermore, smoking
was significantly associated with occur-
rence of severe digestive outcomes (in-
cluding digestive haemorrhage, CIPO,
or SIBO) in Cox regression model
analysis. In a recent study (21), smok-
ing has already been described as a risk
factor of severe digestive involvement
in SSc. Moreover, as reported in previ-
ous study (19), malnutrition was asso-
ciated with higher mortality. More re-
cently, the authors worked on an origi-
nal approach using the phenome-wide
association study (PheWAS) to explore
the contributors to gastrointestinal dis-
orders in SSc (30). Interestingly, they
also found a correlation between reflux
and interstitial lung disease.

This study has several limitations, as
the classification in each digestive seg-
ment involved group was difficult since
one symptom can concern different
segments of the GI tract. Many data
analysed here are based on symptoms,
which are subjective, these symptoms
can be encountered in general popu-
lations and are fluctuating over time.
The collection of symptoms through
a questionnaire may constitute a bias.
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Table III. Unsupervised cluster analysis of patients with systemic sclerosis.

Overall n =90 Cluster 1 Cluster 2 Cluster 3 pr
(n =25) (n=27) (n=38)
Female, n (%) 23 (92) 24 (88.9) 29 (76.3) 0.182
Smoking, n (%) 8 (32) 12 (44.4) 11 (28.9) 0413
Body mass index (kg/m?), median (IQR) 25.6 (21.5-29.1) 23.1 (20.7-27.7) 23.7 (20.7-28.2) 0.304
Arterial hypertension, n (%) 9 (36) 8 (29.6) 9 (23.7) 0.57
Diabetes, n (%) 3 (12) 0 (0.0) 3 (7.9) 0.206
Limited cutaneous SSc, n (%) 25 (100.0) 20 (74.1) 19 (50.0) <0.001
Raynaud, n (%) 25 (100.0) 27 (100.0) 36 (94.7) 0.247
mRSS, median (IQR) 3 (0.0-6.0) 7 (3.0-15.0) 10 (8.0-17.0) <0.001
Digital ulcers, n (%) 4 (16.0) 16 (59.3) 24 (63.2) 0.001
Active digital ulcers, n (%) 1 (4.0) 7 (25.9) 6 (15.8) 0.093
Telangiectasia, n (%) 16 (64.0) 17 (63.0) 20 (52.6) 0.586
Interstitial lung disease®, n (%) 2 (8.0) 9 (33.3) 22 (57.9) <0.001
Cardiac disease®, n (%) 1 (4.0) 12 (44.4) 5 (13.2) 0.001
Pulmonary hypertension £, n (%) 0 (0.0 1 (7.7 3 (18.8) 0.529
Articular involvement, n (%) 7 (28.0) 9 (34.6) 17 (44.7) 0.386
Scleroderma renal crisis history, n (%) 0 (0.0 0 (0.0) 1 (2.6) 0.501
Anti-Scl70 antibodies, n (%) 2 (8.0) 4 (154) 20 (60.6) <0.001
Anti-centromere antibodies, n (%) 22 (88.0) 9 (34.6) 2 (6.1 <0.001
Treatment:
Aspirin, n (%) 0 (0.0) 7 (26.9) 1 (2.6) 0.001
Statin, n (%) 1 (4.0) 9 (34.6) 1 (2.6) 0.001
Steroids, n (%)
IS treatment with steroids®, n (%)
Reflux, n (%) 16 (64.0) 23 (85.2) 26 (70.3) 0.202
Dysphagia, n (%) 3 (12.0) 8 (30.8) 12 (32.4) 0.162
Vomiting, n (%) 0 (0.0) 2 (7.7) 6 (16.2) 0.089
Abdominal pain, n (%) 2 (8.0) 15 (57.7) 8 (21.6) <0.001
Diarrhoea, n (%) 3 (12.0) 17 (65.4) 14 (37.8) <0.001
Constipation, n (%) 10 (40.0) 19 (70.4) 14 (37.8) 0.023
CIPO, n (%) 0 (0.0) 3 (11.5) 0 (0.0) 0.026
SIBO, n (%) 0 (0.0) 4 (154) 1 (2.8) 0.037
Anal incontinence, n (%) 1 (4.0) 16 (61.5) 0 (0.0) <0.001
Gastro-oesophageal involvement, n (%) 20 (80.0) 27 (100.0) 37 (974) 0.007
Intestinal involvement, n (%) 11 (44.0) 24 (88.9) 25 (65.8) 0.003
Anorectal involvement, n (%) 1 (4.0) 16 (59.3) 0 (0.0) <0.001
UCLA reflux, median (IQR) 0.25 [0.16,0.44] 0.62 [0.19,0.81] 0.25 [0.00,0.62] 0.096
UCLA distension/bloating, median (IQR) 0.25 [0.25,1.00] 1.00 [0.62,1.75] 0.75 [0.25,1.00] 0.117
UCLA diarrhoea, median (IQR) 0.00 [0.00,0.00] 0.50 [0.00, 1.00] 0.00 [0.00,0.50] 0.005
UCLA faecal soilage, median (IQR) 0.00 [0.00,0.00] 1.00 [0.00, 1.00] 0.00 [0.00,0.00] <0.001
UCLA constipation, median (IQR) 0.25 [0.00,0.50] 0.38 [0.12,0.88] 0.00 [0.00,0.38] 0.024
UCLA social functioning, median (IQR) 0.17 [0.00,0.17] 0.50 [0.08,0.75] 0.17 [0.00,0.33] 0.04
UCLA emotional well-being, median (IQR) 0.28 [0.00,0.61] 0.67 [0.44,1.00] 0.22 [0.00,0.44] 0.001
UCLA total score, median (IQR) 0.22 [0.11,0.46] 0.73 [0.54,0.97] 0.28 [0.19,0.57] <0.001
s-HAQ, median (IQR) 0.00 [0.00,0.10] 0.55 [0.18,1.10] 0.20 [0.05,0.70] <0.001
Albumin (g/1), median (IQR) 41.3 [40.0,43.0] 40 [34.4,42.1] 38.9 [36.1,42.6] 0.276

*Interstitial lung disease: evaluated by CT-scan.

wCardiac disease: presence of diastolic ventricular dysfunction or arrhythmia or atrioventricular block or pericarditis.

fPulmonary hypertension: measured by right-heart catheterisation.
°Including cyclophosphamide, mycophenolate mofetil, rituximab and methotrexate.

AGlobal comparison of each group. Qualitative variables and quantitative variables were compared using Fisher and Kruskal-Wallis tests, respectively.

IS: immunosuppressive; mRSS: modified Rodnan skin score.

However, the validated UCLA-SCTC
GIT 2.0 score was correlated with di-
gestive symptoms reported and this can
improve the validity of the study. Fur-
thermore, no difference was noted on
occurrence of digestive symptoms de-
pending on the disease duration in our
study. In our study, 20 patients were
included less than one year after their
diagnostic of SSc. It would have been
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interesting to see if these patients are
more affected by digestive disorders
than the others. During the follow-up,
we collected data about occurrence of
malnutrition, death or severe gastroin-
testinal disorders and thus the number
of patients who developed new diges-
tive symptoms could not be analysed. A
better evaluation, which could be based
on questionnaire related tools, should

be used to better detect the gastrointes-
tinal involvement in SSc.

In the future, studies on the microbiota
could improve our understanding of
GIT in SSc, as it has already been per-
formed in other autoimmune/inflam-
matory diseases like familial Mediter-
ranean fever (31), inflammatory bowel
disease (IBD) (32-34) or systemic lu-
pus erythematosus (35).
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Conclusion

Gastrointestinal disorders are frequent
in systemic sclerosis and are responsi-
ble for mortality and altered of quality
of life. This study reported the gastroin-
testinal manifestations in a cohort of 90
patients with SSc, with a predominance
of gastro-oesophageal involvement and
for the first time described a cluster
analysis allowing classification of vari-
ous clinical GIT phenotypes. Futures
studies are necessary in particular to
correlate with the microbiota changes.

Take home messages

Gastrointestinal disorders are fre-
quent in systemic sclerosis and are
associated with bad quality of life.
Little is known in literature about
risk factors associated with severe
digestive impairment.

Smoking seems to be associated
with severe digestive involvement
in systemic sclerosis.
Gastro-esophageal manifestations
are associated with impaired pul-
monary function tests.

We found a correlation between
cardiac involvement and anorectal
disorders.

Cluster analysis identified three
groups of patients, including one
cluster with cardiac and digestive
involvement.
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