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Abstract

Objectives: To describe the prevalence of gastrointestinal (Gl) symptoms in SSc and Very Early Diagnosis of SSc (VEDOSS), identify clinical and
serological features associated with Gl involvement and explore a cranio-caudal pattern of symptom distribution, using data from the Italian
SPRING-SIR registry.

Methods: This cross-sectional analysis included patients fulfilling 2013 ACR/EULAR SSc or VEDOSS criteria. Gl involvement was defined as
symptoms in at least one Gl tract segment and categorized as upper and lower. Associations between Gl involvement and clinical variables
were assessed using logistic and ordinal regression models, adjusting for demographics, disease characteristics and autoantibodies.

Results: Among 1917 SSc patients, 56% had Gl symptoms, associated with longer disease duration, dcSSc, interstitial lung disease (ILD), digi-
tal ulcers (DU), telangiectasias and tobacco exposure. Extensive Gl involvement correlated with more severe disease. Ordinal regression identi-
fied female sex, dcSSc, ILD, DU, telangiectasias, tobacco exposure and anti-centromere antibodies as variables significantly associated with
more extensive Gl involvement. Disease duration did not show a significant association with GI symptom extent. Among 211 VEDOSS patients,
41.2% reported Gl symptoms (mostly oesophageal), significantly associated with puffy fingers and dyspnoea. Among VEDOSS, puffy fingers
and anti-centromere antibodies were independent predictors of presence of oesophageal symptoms.

Conclusion: Gl involvement in SSc is linked to more severe disease and longer disease duration. Disease duration resulted linked to the pres-
ence of Gl symptoms rather than extent of Gl involvement. Puffy fingers and anti-centromere antibodies may associate with presence of early
oesophageal symptoms in VEDOSS.
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Rheumatology key messages

* Gastrointestinal symptoms are frequent in SSc and VEDOSS, correlating with severe systemic involvement.
* In SSc, disease duration predicts onset of gastrointestinal involvement, while vascular features correlate with extent.
* In VEDQOSS, puffy fingers and anti-centromere antibodies associate with early oesophageal involvement.

Introduction

Systemic sclerosis (SSc) is a rare, chronic and heterogeneous
systemic autoimmune rheumatic disease characterized by the
combination of vascular damage, immune dysregulation and
fibrosis [1]. Clinically, SSc is a multisystem disease that can af-
fect various organ systems, with significant morbidity associ-
ated with pulmonary, cardiovascular and gastrointestinal (GI)
involvement [2]. GI complications are common in SSc, affect-
ing up to 90% of patients at some point during the course of
the disease [3]. GI complications vary widely, ranging from
mild symptoms such as dysphagia, gastroesophageal reflux
and bloating, to more severe manifestations like gastroparesis,
paralytic ileus and intestinal pseudo-obstruction [4]. In SSc,
GI involvement is not only a source of considerable discom-
fort but also contributes significantly to the overall disease
burden, impacting patients’ quality of life, vitality and mental
health, with established associations with anxiety and depres-
sion [5], and complicating their long-term management [6].
Despite the high prevalence, GI manifestations of SSc¢ re-
main often under-recognized and undertreated, partly due to

their heterogeneous nature and the reliance on subjective
symptom-based assessments rather than specific diagnostic
biomarkers [7-9]. Therefore, it is difficult for clinicians to ac-
curately monitor disease progression and stratify patients
based on their risk of severe GI complications. This results in
suboptimal management with few targeted therapies avail-
able and a paucity of well-established treatment guide-
lines [10].

In the management of SSc GI involvement, the challenge is
represented by the uncertainties that characterize the various
domains. In fact, although fibrosis and vascular abnormali-
ties are central to disease progression, the exact mechanisms
leading to GI damage are not fully understood [11]. It is hy-
pothesized that, over the course of SSc, GI involvement fol-
lows a cranio-caudal progression, starting from the
oesophagus and advancing to the intestines [12]. Clinical
observations and studies indicate that oesophageal dysmotil-
ity may precede other GI manifestations, such as small bowel
and large intestine involvement, but this hypothesis still
awaits to be proved. Additionally, the variability in symptom



progression over time underlines the need for a personalized
approach to patient care. Distinct trajectories of GI complica-
tions have been identified in SSc patients, suggesting that
while some patients experience rapid progression, others
maintain relatively stable GI function [13]. These findings,
along with the identification of risk factors such as female
sex, smoking and specific autoantibodies [14-17], have iden-
tified pulmonary fibrosis and extensive cutaneous involve-
ment [15] as risk factors for more severe GI manifestations.
Despite these associations, reliable biomarkers for predicting
GI involvement remain elusive, highlighting the need for im-
proved risk stratification strategies.

Identifying patients who are likely to develop severe GI
complications and determining the optimal timing for screen-
ing and interventions is essential for improving outcomes
[12]. Therefore, our study aims to address key gaps in under-
standing of GI involvement in SSc by describing the preva-
lence of GI symptoms in established SSc and Very Early
Diagnosis of SSc (VEDOSS) populations using nationwide
data from the SSc Progression INvestiGation (SPRING) regis-
try of the Italian Society of Rheumatology (SIR). Moreover,
our aim was to identify potential predictors of presence and
extent of GI involvement, while also testing the hypothesis of
a cranio-caudal pattern of progression of GI symptoms and to
investigate whether disease duration may be associated with
this pattern of progression, contributing to a more accurate
profiling of patients based on their individual risk factors.

Patients and methods

We conducted a cross-sectional analysis of baseline data from
patients enrolled in the SPRING-SIR registry. The SPRING-
SIR registry is a prospective, multicentre cohort study that
has consecutively enrolled SSc-spectrum cases since 20135, up
to June 2022. This strategic, non-profit initiative is led by the
Italian Society for Rheumatology (SIR) and involves 38
centres across Italy [18]. Patients were not selected based on
disease duration or severity. Thus, the cohort includes both
early and established cases. Longitudinal follow-up data were
not analysed in this study due to high numbers of loss to
follow-ups and short follow-up duration. The study protocol
was approved by the Ethics Committees of all participating
centres following the authorization of the coordinating centre
(reference number OSS 15.010, AOU Careggi, Florence). All
participants provided written informed consent before taking
part in the study. Data collection and management were per-
formed using Research Electronic Data Capture (REDCap), a
secure web-based platform designed for supporting clinical
research data.

From the SPRING-SIR registry, we included both patients
diagnosed with SSc who met the 2013 American College of
Rheumatology/European League Against Rheumatism (ACR/
EULAR) [19] classification criteria for SSc and VEDOSS
patients, defined as patients with Raynaud’s phenomenon
(RP) and at least one other VEDOSS criterion (ANA, SSc
antibodies, puffy fingers or scleroderma pattern on nailfold
videocapillaroscopy), but who did not meet the 2013 ACR/
EULAR SSc classification criteria. Patients with missing in-
formation on GI symptoms were excluded.

In the SPRING-SIR registry, GI symptoms are differenti-
ated into oesophageal (defined as patient-reported presence
of reflux or dysphagia), gastric (defined as patient-reported
early satiety and vomiting) and intestinal tracts (defined as
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patient-reported diarrhoea, bloating or constipation). ‘GI in-
volvement’ was defined as the presence of symptoms in at
least one of these regions, while the extent of involvement was
classified into two categories: ‘upper GI involvement’, which
referred to presence of esophageal or gastric symptoms (but
not intestinal), and ‘lower GI involvement’, which included in-
testinal symptoms regardless of the presence of upper GI
symptoms. In addition, patients were arbitrarily stratified in 5
groups according to disease duration, defined as the time
from the onset of the first non-Raynaud’s phenomenon sign
or symptoms (<3 years, >3 and <6years, >6 and <9 years,
>9 and <12vyears, >12years). Definitions of other clinical
variables (e.g. ILD, scleroderma renal crisis, myositis, PAH)
followed the criteria adopted in the SPRING-SIR registry,
based on clinical signs, laboratory tests, imaging (e.g. HRCT
for ILD) and functional assessments (e.g. PFTs, echocardiog-
raphy), as detailed in the original registry publication [20].

Descriptive analyses were performed separately for the SSc
and VEDOSS cohorts, using y* or Student’s # test, as appro-
priate, to compare patients with and without GI involvement,
as well as groups with different extent of GI involvement.
Fisher’s test was performed, when appropriate.

Multivariable logistic regression analysis was performed to
identify predictors of presence of GI involvement and to eval-
uate which red flags were associated to a more extensive GI
disease in the SSc cohort. In the VEDOSS cohort, due to sam-
ple size issues, logistic regression analysis was performed only
to identify predictors of presence of GI involvement, with a
sensitivity analysis focused on esophageal symptoms. To in-
vestigate the cranio-caudal progression hypothesis, which
assumes a sequential progression from no GI involvement to
isolated upper GI involvement, and finally to combined upper
and lower GI involvement, we performed an ordinal regres-
sion analysis. This statistical method assumes a linear, unidi-
rectional progression between these ordered categories,
without reversal to less severe states, and identifies risk fac-
tors associated with progression between consecutive steps.
The model presumes that the risk conferred by each predictor
remains consistent across all transitions.

All regression models considered factors such as anti-
centromere antibody positivity [16], female sex [16], tobacco
exposure [16], telangiectasias [21, 22] and digital ulcers [23]
as potential predictors, as these have been previously linked to
the presence or progression of GI involvement in other publi-
cations. Additionally, we explored the potential correlation
with interstitial lung disease (ILD), as a connection between
gastroesophageal reflux and ILD is widely recognized [24-28].
We also included diffuse cutaneous SSc (dcSSc), based on clini-
cal expertise and evidence from literature [29-32] suggesting
that these patients tend to exhibit more extensive GI involve-
ment. Lastly, age and disease duration were included in the
models, as it is commonly believed that GI involvement fol-
lows a cranio-caudal progression, with its extent worsening
over time, although literature data are limited [11, 12]. All sta-
tistical analyses were performed using SPSS version 29.0, and
a P-value of <0.05 was considered statistically significant.

Results

Prevalence and characteristics of patients with Gl
involvement

Out of 2178 enrolled patients, 1917 met the inclusion criteria
for definite SSc cohort and 211 for the VEDOSS cohort. Fifty
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patients were excluded due to missing information regarding
GI symptoms. The demographic and clinical characteristics
of SSc patients with and without GI symptoms are detailed in
Supplementary Table S1. Overall, 56% of the SSc patients
reported GI symptoms at baseline visit. Patients with GI
symptoms exhibited a longer disease duration (9.84 wvs
7.75 years, P < 0.001) as well as a higher prevalence of dcSSc
(23.8% vs 13.2%, P < 0.001) and ILD (43.5% vs 31%, P <
0.001), in line with poorer lung function values. Alongside
these clinical features, patients with GI involvement had sig-
nificantly higher frequencies of telangiectasias (68.0% wvs
49.1%, P < 0.001), digital ulcers (25.4% vs 15.6%, P <
0.001) and digital pitting scars (54.2% vs 36%, P < 0.001)
and were more frequently treated with vasoactive-
vasodilating therapies.

When patients were stratified by the extent of GI involve-
ment—from those without any GI symptoms to those with
isolated upper GI manifestations, and further to those with
both upper and lower GI symptoms—similar findings
emerged (Table 1). Patients with combined upper and lower
GI involvement had the longest disease duration (11.6=
9.5 years) and a markedly higher prevalence of dcSSc (28%,
P < 0.001) and sclerodactyly (76.8%, P < 0.001), indicative
of more aggressive fibrotic phenotype compared with cases
with isolated upper or no GI involvement. Similarly, vascular
abnormalities were also progressively more pronounced in
groups with higher extent of GI involvement (late nailfold
videocapillaroscopy pattern seen in 19.8% patients without
GI symptoms, 28.1% with upper GI symptoms and 33.8%
with late GI symptoms, P < 0.001). ILD was also increasingly
more present alongside a higher GI symptom burden: with a
prevalence of 47.1% in patients with both upper and lower
GI involvement compared with 42.3% in those with isolated
upper GI symptoms and 31% in patients without GI symp-
toms (P < 0.001).

Gl involvement increases with disease duration

Looking at the prevalence of GI involvement across groups
with different disease durations at the time of enrolment in
the registry, we observed that the frequency of patients with-
out GI symptoms decreased progressively—from 56.2% in
those with a disease duration of <3vyears to 37.7% in
patients with >12 years—while the prevalence of GI symp-
toms correspondingly increased from 43.8% to 62.3% (P <
0.001). When patients were stratified by the extent of GI in-
volvement, both the prevalence of isolated upper GI symp-
toms and combined upper and lower GI symptoms increased
in those with longer disease duration, with a significant dif-
ference between the three groups (P < 0.001). Specifically,
patients with isolated upper GI symptoms increased from
32.2% in those with <3 years of disease to 41.3% in those
with >12 years, while the prevalence of combined upper and
lower GI symptoms rose from 11.6% to 21% (Fig. 1).

Predicting presence and extent of Gl involvement
Multivariable logistic regression identified several indepen-
dent parameters associated with GI involvement (Fig. 2A).
Specifically, the presence of telangiectasias (OR 1.707, 95%
CI 1.357-2.147, P < 0.001), tobacco exposure (OR 1.511,
95% CI1.186-1.925, P < 0.001), dcSSc (OR 1.793, 95% CI
1.320-2.434, P < 0.001), ILD (OR 1.443, 95% CI 1.142-
1.823, P = 0.002), digital ulcers (OR 1.583, 95% CI 1.182-
2.120, P = 0.002) and longer disease duration (OR 1.027,
95% CI1.011-1.043, P = 0.001) were all significantly asso-
ciated with GI involvement.

Ordinal regression further confirmed that prolonged dis-
ease duration (OR 1.022, 95% CI 1.009-1.035, P < 0.001)
along with ILD (OR 1.488, 95% CI 1.200-1.841, P <
0.001), dcSSc (OR 1.739, 95% CI 1.282-2.262, P < 0.001),
digital ulcers (OR 1.650, 95% CI 1.282-2.123, P < 0.001),
telangiectasias (OR 1.904, 95% CI 1.531-2.369, P < 0.001),

Table 1. Comparison of demographical data and symptoms in SSc patients with different extent of Gl involvement at time of enrolment in the SPRING-

SIR registry

No. of patients, 1917 GI extent

No GI symptoms Upper GI symptoms Upper and lower GI symptoms Missing (n) P value

844 (45.8) 704 (38.2) 293 (15.9) 76
Female sex, 7 (%) 742 (88.1) 619 (88.1) 265 (91.1) 81 0.345
Age, mean (SD) 58.1(14.1) 59.3(13.2) 59.5(12.9) 78 0.147
Disease duration, mean (SD) 8.8 (7.7) 10.8 (8.6) 11.6 (9.5) 264 <0.001
Tobacco exposure, 7 (%) 223 (29.3) 218 (35.3) 98 (37.1) 274 0.015
Diffuse cutaneous involvement, 7 (%) 111 (13.2) 159 (22.6) 82 (28.0) 76 <0.001
Sclerodactyly, 7 (%) 506 (60.1) 539 (76.6) 225 (76.8) 78 <0.001
Puffy fingers, 17 (%) 442 (52.4) 358 (50.9) 142 (48.6) 78 0.531
Digital pitting scars, 7 (%) 303 (36.0) 377 (53.6) 174 (59.4) 78 <0.001
Digital ulcers, 7 (%) 132 (15.6) 164 (23.3) 96 (32.8) 76 <0.001
Telangiectasias, 7 (%) 414 (49.1) 455 (64.6) 217 (74.6) 78 <0.001
Calcinosis, 7 (%) 56 (6.7) 12.5) 65(22.2) 79 <0.001
Joints contractures, 7 (%) 70 (8.3) 13.5) 75 (25.6) 77 <0.001
Tendon friction rubs, 7 (%) 40 (4.7) 62 (8.8) 51(17.5) 77 <0.001
Arthritis, 7 (%) 76 (9.1) 89 (12.7) 42 (14.5) 88 0.014
Anti-topoisomerase I, 72 (%) 286 (34.3) 239 (34.3) 100 (35.1) 100 0.970
Anti-RNApolimerase 111, 7 (%) 12 (1.8) 1.8) 6(2.7) 461 0.685
Anti-centromere, 7 (%) 264 (34.1) 196 (29.9) 93 (34.2) 215 0.190
Nailfold videocapillaroscopy pattern late, 2 (%) 151 (19.8) 177 (28.1) 91 (33.8) 257 <0.001
Interstitial lung disease, 7 (%) 262 (31.0) 298 (42.3) 138 (47.1) 76 <0.001
Dyspnoea, 7 (%) 218 (26.0) 305 (43.3) 173 (59.5) 83 <0.001
DLCO, mean (SD) 72.6 (19.9) 66.2 (19.9) 64.4 (21.5) 618 <0.001

Statistically significant results are shown in bold.
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Figure 1. Stratification of Gl extent according to disease duration, representing the time from the first non-Raynaud’s phenomenon sign or symptom

female sex (OR 1.654, 95% CI 1.191-2.296, P = 0.003) and
tobacco exposure (OR 1.545, 95% CI 1.243-1.919, P <
0.001), were independently associated with a greater extent
of GI involvement (Fig. 2B). Specifically, these findings imply
that each of these factors significantly increased the likeli-
hood of progression from no involvement to isolated upper
GI involvement, and ultimately to combined upper and lower
GI involvement. Interestingly, we additionally performed an
ordinal regression analysis using a four-level model: no GI
symptoms, isolated esophageal involvement, combined
esophageal and gastric symptoms, and full involvement of oe-
sophagus, stomach and intestines (presented in
Supplementary Table S2). This stepwise model confirmed the
same set of independent predictors (longer disease duration,
ILD, dcSSc, digital ulcers, telangiectasias, female sex and to-
bacco exposure), reinforcing the consistency of our findings
across different classifications of GI symptom extent.

Moreover, when analysing risk factor associated with
more severe disease extent (isolated upper GI symptoms vs
combined upper and lower involvement), digital ulcers (OR
1.697,95% CI 1.191-2.415, P = 0.003), telangiectasias (OR
1.757,95% CI 1.211-2.551, P = 0.003) and anti-centromere
antibodies (OR 1.647, 95% CI 1.161-2.342, P = 0.005)
emerged as significant predictors, while disease duration did
not reach significance in this specific analysis (OR 1.006,
95% CI10.987-1.025, P = 0.560) (Fig. 2C).

Gl involvement in VEDOSS

Of the 211 enrolled VEDOSS patients, 87 (41.2%) reported
Gl symptoms at baseline: 75 (35.5%) esophageal, 23
(10.9%) gastric and 26 (12.3%) intestinal symptoms, respec-
tively. The demographic and clinical characteristics of
patients with and without GI symptoms are detailed in
Table 2. Although no statistically significant difference was
observed in terms of age, sex, antibody positivity and time
from Raynaud’s phenomenon onset, VEDOSS patients with
GI symptoms presented significantly more frequently puffy
fingers (29.9% vs 15.3%, P = 0.016), dyspnoea (27.6% uvs
6.5%, P < 0.001) and sicca symptoms (40.2% vs 18.5%, P
< 0.001). No difference was found in terms of prevalence of

telangiectasias, ILD and concomitant medications. In both
groups, history of digital ulcers was negative.

Logistic regression identified puffy fingers as the only sta-
tistically significant predictor of presence of any GI involve-
ment among VEDOSS patients (OR 2.174, 95% CI 1.082-
4.371, P = 0.029). When specifically focusing on esophageal
symptoms, as the most prevalent type of GI involvement in
this subgroup, puffy fingers were confirmed as an indepen-
dent predictor (OR 2.806, 95% CI 1.346-5.849, P = 0.006),
along with anti-centromere antibodies (OR 2.075, 95% CI
1.104-3.899, P = 0.023).

Discussion

Our study provides comprehensive insights into the intricate
relationship between GI involvement and other clinical mani-
festations of definite SSc and VEDOSS patients, highlighting
possible key predictors associated with the presence of GI
symptoms. The findings highlight the substantial burden of
GI symptoms in SSc (more than half of the patients in our co-
hort) and reveal significant associations with systemic disease
severity, pulmonary and cutaneous manifestations, and in-
creased treatment need.

Patients with GI symptoms had a longer disease duration,
consistent with previous studies showing that GI involvement
tends to progress alongside the SSc course [16, 33]. Disease
duration was identified as an independent predictor of both
upper and lower GI symptoms, with the highest prevalence
observed in patients with a disease duration exceeding
12 years. Interestingly, while disease duration independently
predicted the presence of both upper and lower GI symptoms,
it was not associated with the progression from upper to
lower GI involvement. This challenges the commonly held as-
sumption that GI manifestations in SSc follow a cranio-
caudal (upper-to-lower) progression, suggesting instead that
upper and lower GI involvement may develop independently
rather than representing sequential stages of a single dis-
ease process.

Our findings deepen the knowledge in GI tract involvement
in SSc and complements the findings of recent literature. Our
cross-sectional registry-based data provide insights into the
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Figure 2. Regression models of determinants of presence, extent and distribution of Gl involvement in SSc. Forest plots showing the multivariable
logistic (A, C) and ordinal (B) regression models evaluating factors associated with (A) the presence of Gl involvement, (B) the extent of Gl involvement
(increase in number of affected Gl segments) and (C) the pattern of Gl involvement (upper Gl vs combined upper-and-lower Gl involvement) in patients
with SSc. The plot displays odds ratios (ORs) and 95% confidence intervals (Cls) for each covariate included in the model. All variables included in the

models were categorical, except for age and disease duration (years)
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Table 2. Comparison of demographic and clinical data in VEDOSS with and without Gl involvement

Parameter No GI symptoms Presence of GI symptoms Missing (n) P value
124 (58.8) 87 (41.2) 0

Age, mean (SD) 52.1(15.8) 53.7(13.4) 0 0.428

Time from Raynaud’s phenomenon, mean, (SD) 9.19 (9.8) 10.57 (10.1) 0 0.318

Time from Raynaud’s phenomenon onset, 72 (%)

<Syears 51(41.1) 30 (34.5)

5-10years 32(25.8) 22 (25.3)

>10years 41 (33.1) 35(40.2) 0 0.516
Tobacco exposure, 7 (%) 30 (27.8) 34 (41.5) 21 0.063
Female sex, 7 (%) 112 (91.1) 92 (94.3) 1 0.441
ANA, 1 (%) 122 (98.4) 79 (96.3) N 0.389
Anti-topoisomerase I, 7 (%) 14 (11.3) 12 (14.6) N 0.524
Anti-RNApolimerase I, 7 (%) 2(1.8) 1(1.4) 28 >0.999
Anti-centromere, 7 (%) 42 (36.2) 35(43.8) 15 0.301
Nailfold videocapillaroscopy pattern

Early, n (%) 51 (44.3) 31(37.8)

Active, 7 (%) 22 (19.1) 17 (20.7)

Late, 7 (%) 3(2.6) 0(0.0) 14 0.391
Sicca syndrome, 7 (%) 23 (18.5) 35(40.2) 0 <0.001
Dyspnoea, 72 (%) 8 (6.5) 24 (27.6) 1 <0.001
Puffy fingers, 7 (%) 19 (15.3) 26 (29.9) 0 0.016
Telangiectasias, 7 (%) 7(5.6) 11 (12.6) 0 0.131
Calcinosis, 7 (%) 2 (1.6) 1(1.1) 0 >0.999
Arthritis, 7 (%) 8 (6.5) 7 (8.1) 1 0.786
Interstitial lung disease, 7 (%) 1(0.8) 4 (4.6) 0 0.162

Fisher test was used when fewer than five cases were present. Statistically significant results are shown in bold.

anatomical distribution of GI symptoms and their relation-
ship with disease duration and systemic manifestations at the
time of first clinical consultation. In their elegant analysis,
Perin et al. used longitudinally collected Medsger GI severity
scores to capture the temporal dynamics of GI burden in
terms of severity [13]. Interestingly, patients in the ‘early pro-
gressive’ and ‘early severe’ GI clusters had longer disease du-
ration at baseline compared with the ‘late progressive’ and
‘stable’ clusters, the latter including over 80% of their large
SSc cohort. However, since the Medsger score reflects symp-
tom severity rather than anatomical extent, patients classified
as ‘stable’ may still experience progression in terms of ana-
tomical disease extent (e.g. from esophageal to lower GI in-
volvement) without a marked change in severity scores.
Likewise, an increase in severity of upper Gl—esophageal dis-
ease may not be associated to a further disease extent to the
lower, intestinal GI tract.

These methodological differences in the two studies high-
light that the two approaches are not directly comparable,
but rather complementary. Taken together, these perspectives
reinforce the importance of identifying patients in the early
phases of disease, even when symptoms are mild or subclini-
cal, to better characterize the natural history of GI involve-
ment and start timely therapeutic strategies aimed at
preventing irreversible damage.

Our data also confirm a robust association between GI in-
volvement and severe pulmonary manifestations, such as [LD
and reduced pulmonary function (DLCO and FVC). This re-
lationship was further supported by the independent associa-
tion between ILD and GI involvement observed in the logistic
regression analysis, highlighting the interplay between these
organ systems in SSc. One possible explanation for these find-
ings lies in the hypothesis that persistent microaspirations
[24] caused by reflux may contribute to progressive intersti-
tial lung damage. While the causal relationship remains con-
troversial, existing literature aligns with our results [25-27,

34], showing an association between severe esophageal dys-
function, such as absent peristalsis, and greater extent of pul-
monary involvement. Additionally, it has been shown that
the severity of reflux symptoms correlates with ILD progres-
sion over 2 years, further reinforcing the link between GI and
pulmonary involvement in SSc [28].

Cutaneous manifestations also emerged as a clinical pa-
rameter which significantly correlates with GI involvement,
in particular in dcSSc patients exhibiting a higher prevalence
of GI symptoms. This association likely reflects the underly-
ing pathophysiological mechanisms, such as widespread vas-
cular dysfunction and fibrosis, which may contribute to both
skin and GI tract involvement. Additionally, specific markers
of severe skin and microvascular involvement, including digi-
tal ulcers, telangiectasias and digital pitting scars, were signif-
icantly more common in patients with GI symptoms,
suggesting that these features could serve as ‘red flags’ for
clinicians in identifying patients at higher risk for GI
complications.

Furthermore, active tobacco exposure emerged as a signifi-
cant predictor of GI symptoms, consistent with prior findings
[35], highlighting the need for smoking cessation programs as
part of disease management strategies.

Therapeutically, patients with GI involvement frequently
received biologic DMARDs, endothelin receptor antagonists,
PDES inhibitors and prostanoids, reflecting the higher preva-
lence of systemic complications, such as diffuse ILD and vas-
cular involvement, in this subgroup rather than a direct link
to GI involvement itself. However, GI involvement plays a
crucial role in therapeutic decision-making, as the potential
GI side effects of therapies can significantly impact patient
preferences and treatment adherence. Recent studies under-
score the importance of shared decision-making in optimizing
treatment strategies for SSc, integrating patient preferences
regarding potential adverse events, such as GI symptoms,
into therapeutic planning [36, 37]. Future research should
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explore how targeted therapies, including immunomodula-
tors and vascular agents, can address both systemic and GI
disease manifestations while aligning with patient needs and
preferences [38]. Additionally, a protective role of calcium
channel blockers has been suggested in reducing the severity
of GI symptoms [16], while a potential benefit from immuno-
suppressive treatment has been suggested on GI manifesta-
tions observing better UCLA GIT 2.0 scores in the cohort
treated with immunosuppressants [39].

Finally, the association between autoantibodies and GI in-
volvement in SSc remains inconsistent, also after our analysis.
For instance, anti-centromere antibodies were linked to an
increased risk of severity in GI involvement [16], whereas anti-
topoisomerase I antibodies were associated with late progres-
sion of GI symptoms [13], suggesting that vascular dysfunction
might play a key role in the progression of GI involvement.
Although anti-centromere antibodies were not associated with a
clear progression pattern [13], our data suggest that they might
have a role in the onset of GI involvement. This hypothesis was
further supported by our observation that anti-centromere anti-
bodies were found to be predictors of esophageal symptoms in
VEDOSS patients.

Consistent with this an early esophageal and anorectal dys-
function has been observed in VEDOSS patients [40], detect-
ing functional abnormalities even among asymptomatic
individuals. Specifically, although only 49% and 14% of
patients reported esophageal and anorectal symptoms, re-
spectively, esophageal dysfunction was observed in 25% of
asymptomatic cases, and nearly all asymptomatic patients
showed anorectal abnormalities [40]. Our findings reinforce
these observations, showing a high prevalence of GI symp-
toms in VEDOSS patients, particularly esophageal, which of-
ten precedes other systemic SSc manifestations. This is
particularly interesting as a recent machine learning analysis
of the EUSTAR-VEDOSS registry has shown that the pres-
ence of esophageal symptoms significantly increases the pre-
dictive accuracy for progression to definite SSc [41]. Patients
with Raynaud’s phenomenon, positive ANA and esophageal
symptoms had a 55% progression rate over 5 years, com-
pared with 47% in those without esophageal involvement.
The inclusion of esophageal symptoms alongside SSc-specific
autoantibodies identified individuals with a significantly
shorter time-to-progression, suggesting that esophageal dys-
function may serve as an additional ‘red flag’ in risk stratifi-
cation models. Furthermore, puffy fingers, a hallmark feature
in the VEDOSS criteria, have been shown in previous studies
as a critical 'red flag’ in patients with Raynaud’s phenome-
non, signalling an increased risk of transitioning to SSc [42,
43]. Our findings support the notion that puffy fingers are
not merely a clinical sign but also a critical marker of under-
lying disease progression, particularly when associated with
GI symptoms. Together, these findings highlight the patho-
genic potential of ACA and puffy fingers as early indicators
of GI disease in SSc, and the importance of systematic early
screening and longitudinal assessment of GI function in
patients at risk.

Our study has some limitations: the first, its retrospective
and cross-sectional design inherently limits the ability to es-
tablish causal relationships between risk factors and GI in-
volvement and to evaluate symptom progression over time,
which is not possible in the current setting due to the limited
number of follow-up visits and of patients developing new GI
events. In fact, a prospective longitudinal study would be

needed to show the progression from upper to lower GI dur-
ing the disease course. Additionally, GI involvement was
solely assessed based on patient-reported symptoms: this
could have potentially led to an under- or over-estimation of
the actual GI prevalence, considering that GI involvement
can often be asymptomatic and given also the clinical chal-
lenge of differentiating SSc- and non-SSc-related causes of GI
symptoms. Also, the coding of GI symptoms in the registry
was based on predefined categories, without the possibility of
reliably determining their underlying pathogenesis; symptoms
were assigned to the most typically involved anatomical re-
gion, in line with approaches used in other registries [44].
This approach, while ensuring uniformity in data collection,
may have introduced a systematic misclassification bias, par-
ticularly for nonspecific symptoms such as bloating, which
can originate from different segments of the GI tract.
Furthermore, the coding used allowed only for the identifica-
tion of the involved gastrointestinal tract, without enabling
the assessment of symptom severity. Moreover, the SPRING
registry did not include detailed information on Gl-specific
treatments, limiting insights into the therapeutic impact.
Finally, we acknowledge the observational nature of the reg-
istry, including highly heterogeneous, prevalent population of
SSc patients which might have contributed to a certain selec-
tion/survivor bias, as well as the limited ethnic diversity in
our cohort (>98% Caucasian), which may partly impair the
generalizability of our data to other geographical contexts.

Conclusions

Our data highlight that a more severe disease phenotype in
SSc is strongly associated with both the presence and extent
of GI involvement. Independent risk factors for GI symptoms
include disease duration, dcSSc, ILD, DUs and tobacco expo-
sure. While disease duration is significantly linked to the pres-
ence of GI symptoms, our data could not indirectly associate
this parameter with the progression from upper to lower GI
involvement, suggesting a role more in the initiation rather
than the evolution of GI complications. Our findings also
confirm that in the VEDOSS cohort, GI symptoms are more
prevalent than other SSc-related organ involvements and
manifestations, with esophageal symptoms being particularly
common. We identified puffy fingers and anti-centromere
antibodies as significant predictors of GI involvement in
VEDOSS patient, especially esophageal symptoms, suggesting
their possible role as ‘red flags® for progression to definite
SSc. These insights emphasize the importance of early detec-
tion, personalized management and risk stratification to alle-
viate the burden of GI disease and improve patient outcomes
over time. Further research is essential to better understand
the mechanisms driving GI manifestations and refine screen-
ing and treatment strategies accordingly.

Supplementary material

Supplementary material is available at Rheumatology online.
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