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Abstract
Objectives: Gastroesophageal reflux disease (GERD) is frequent in systemic sclerosis (SSc) and could predict progression of interstitial lung dis
ease (ILD). We aimed to analyse (1) the prevalence of GERD among SSc-ILD patients, (2) its association with disease characteristics and (3) pre
dictive factors for ILD progression in SSc-ILD patients with GERD.
Methods: SSc patients from the EUSTAR database with ILD were included. GERD was labelled as present if reflux/dysphagia was reported at 
the baseline visit or before. Disease characteristics of patients with and without GERD were compared at baseline. ILD progression was defined 
as relative FVC decline ≥10% or relative FVC decline between 5–9% in association with relative DLCO decline of ≥15% over 12 ± 3 months of 
follow-up. Prognostic factors for ILD progression, overall survival and progression-free survival in SSc-ILD patients with GERD were tested by 
multivariable Cox regression.
Results: A total of 5462 SSc-ILD patients were included, 4400 (80.6%) had GERD. Patients with GERD presented more frequently with diffuse 
cutaneous SSc (OR: 1.44 [1.22–1.69], P< 0.001) and more severe lung involvement with lower FVC (85.8 ± 22.1 vs 90.2 ± 20.1, P< 0.001), 
lower DLCO (60.8 ± 19.7 vs 65.3 ± 20.6, P<0.001) and worse performance at the 6-min walking test. Female sex (HR: 1.39 [1.07–1.80], 
P¼ 0.012) and older age (HR: 1.02 [1.01–1.03], P< 0.001) independently predicted ILD progression in SSc-ILD patients with GERD.
Conclusion: SSc-ILD patients with GERD appear to suffer from a more severe SSc disease. In this population, female sex may be considered a 
risk factor for ILD progression.
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Received: 16 October 2024. Accepted: 30 December 2024 
© The Author(s) 2025. Published by Oxford University Press on behalf of the British Society for Rheumatology.   
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

Rheumatology, 2025, 00, 1–10 
https://doi.org/10.1093/rheumatology/keaf016 
Advance access publication 8 January 2025 
Original Article 

Rheumatology

https://orcid.org/0000-0001-9102-3088
https://orcid.org/0000-0001-7706-9346
https://orcid.org/0000-0003-3975-8938
https://orcid.org/0000-0002-3196-1336
https://orcid.org/0000-0001-6467-7422
https://orcid.org/0000-0002-0546-8310
https://orcid.org/0000-0001-8627-5758
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf016#supplementary-data


Introduction
Systemic sclerosis (SSc) is a severe autoimmune disease that 
affects multiple organ systems, including the lungs and gas
trointestinal tract. Interstitial lung disease (ILD) is a frequent 
manifestation of the disease with a prevalence of about 50% 
of the patients [1]. ILD is the leading cause of morbidity and 
mortality in SSc, with no significant changes in mortality rate 
in recent decades [2–4]. In the European Scleroderma Trials 
& Research Group (EUSTAR) cohort, over 60% of patients 
with SSc-ILD showed a deterioration in lung function over an 
average follow-up of 5 years [5]. However, the individual 
prognosis remains difficult to predict ranging from stable or 
slowly progressive to rapidly progressive courses [5]. Male 
sex, older age, African-American ethnicity, diffuse cutaneous 
SSc, positive anti-topoisomerase I antibodies, low functional 
vital capacity (FVC) and diffusing capacity for carbon mon
oxide (DLCO) have been identified as predictive factors for 
ILD progression [2, 5, 6]. In recent years, some reports have 
also shown that gastroesophageal reflux disease (GERD) in
dependently predicts ILD progression in SSc [5, 7–9], as well 
as in idiopathic pulmonary fibrosis [10, 11].

GERD is one of the most common manifestations in SSc, 
observed in up to 90% of cases [12–15]. It is hypothesized 
that GERD contributes to ILD through recurrent microaspi
rations, which might lead to chronic inflammatory reactions 
and remodeling of the lung structure [10, 11]. Until now, in
formation about characteristics of SSc-ILD patients with 
GERD has been limited. In a post-hoc analysis of the 
Scleroderma Lung Study (SLS) II, the reflux score was only 
associated with dyspnea and cough, but not with other clini
cal disease characteristics [9]. However, this study included 
only 142 patients, with a short disease duration and it was a 
selected population for a clinical trial. Therefore, real-life 
data on larger cohorts are needed to better define the charac
teristics of SSc-ILD patients with GERD.

Overall evidence suggests that GERD may contribute to the 
progression of ILD [5, 15] and PPI may have a protective effect 
on the progression of lung disease [16]. However, to obtain a 
larger body of evidence, prospective randomized controlled 
clinical trials need to be conducted; for example, an interven
tion trial with PPI to evaluate their effect on SSc-ILD. In order 
to develop cohort enrichment strategies for progressive ILD 
patients in such a trial, it is important to identify factors pre
dictive of progression of ILD in this subpopulation.

Using the EUSTAR database, we aimed to better define the 
phenotype of SSc-ILD patients with GERD in real life and to 
identify predictive factors for ILD worsening in this population.

Methods
Study design
EUSTAR is a large, international, multicentre, prospective reg
istry for SSc patients, representing the largest SSc cohort 

currently available, with longitudinal follow-up data [3, 5, 
17]. For the present approved EUSTAR project CP-142, the 
EUSTAR cohort database was queried in April 2023 and 
yielded data for 22860 patients from 237 centres. The struc
ture of the database, the minimal essential data set and the 
available clinical, demographic and diagnostic parameters 
have already been described in detail [18]. This study was per
formed and reported according to the Strengthening the 
Reporting of Observational studies in Epidemiology 
(STROBE) statement (Supplementary Data S1, available at 
Rheumatology online) [19]. Each participating centre obtained 
approval from their local ethics committee and all registered 
patients granted their written informed consent.

Patient population and characteristics
Patients fulfilling the 2013 classification criteria for SSc by 
American College of Rheumatology/European League 
Against Rheumatism (ACR/EULAR) [20] with ILD diag
nosed on high-resolution computed tomography (HRCT) 
and data available on GERD were included. ILD was defined 
as ground glass opacities, traction bronchiectasis or reticula
tion or honeycombing on HRCT regardless of pulmonary 
function test results [21]. The first visit with ILD on HRCT 
was set as baseline visit. GERD was labelled as present if re
flux/dysphagia was reported at least once before or at the 
baseline visit [22]. Patients without reflux/dysphagia but use 
of PPI were excluded from the analysis, as it was difficult to 
classify them with certainty as GERD with controlled symp
toms under therapy or non-GERD.

The following characteristics were extracted from the data
base: age, sex, ethnicity, smoking status, disease duration de
fined from first non-Raynaud sign or symptom, cutaneous 
subset according to LeRoy classification [23], auto-antibody 
status, C-reactive protein (CRP) levels, digital ulcers and in
ternal organ involvement. The latter included stomach and 
intestinal symptoms, renal crisis and left heart dysfunction 
(defined by left ventricular ejection fraction <50% on trans
thoracic echocardiography).

Parameters from pulmonary function tests (FVC% pre
dicted, DLCO% predicted) were collected. Furthermore, 
other lung characteristics such as respiratory symptoms (dys
pnea according to NYHA classification [24]), oxygen (O2) 
saturation at rest and 6-min walking distance in metres 
were inquired.

Recorded treatments at the baseline visit included ILD 
modifying treatment (defined as an umbrella term for the 
subcategories of treatments that have demonstrated effects 
on ILD [25]: cyclophosphamide, mycophenolate mofetil, 
tocilizumab, rituximab, nintedanib, autologous stem cell 
transplantation and lung transplantation), corticosteroids 
and proton pump inhibitors.

For the longitudinal analysis, we included patients with at 
least two visits 12 ± 3 months apart and with data available 
on pulmonary function tests (FVC% pred and/or DLCO% 
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pred) to allow the assessment of ILD progression [26, 27]. 
Patients with pulmonary hypertension on right heart cathe
terization (RHC) defined by mean pulmonary artery pressure 
(peroxidase–antiperoxidase) > (20 mmHg [28]) at any time 
were excluded to avoid bias in the interpretation of 
DLCO changes.

Progression of ILD was defined as relative FVC%pred de
cline ≥10% or relative FVC%pred decline between 5–9% in 
association with relative DLCO%pred decline of ≥15% over 
12 ± 3 months follow-up [26, 27]. Progression-free survival 
was defined as the time from the first visit until progression 
of ILD and/or death. Overall survival was defined as the time 
from first visit with ILD until death. All-cause mortality was 
assessed at last available follow-up.

We performed additional exploratory analyses. We 
assessed SSc-ILD patients with GERD with any available 
follow-up but not within annual range. In addition, we exam
ined our study outcomes in SSc-ILD patients with GERD 
who reported active esophageal symptoms at baseline visit 
(for flow-chart, see Fig. 1).

Statistical analysis
Categorical variables are presented in absolute numbers and 
percentages, whereas continuous variables are described us
ing mean and standard deviation. Cross-sectional analysis 
was performed using independent t test or χ2 test according 
to the distribution of the variable to compare the GERD and 
non-GERD subpopulations at baseline, as well as patients 

Figure 1. Flow-chart of study process. Progression of ILD if [1] FVC decline ≥ 10% or [2] FVC decline 5–9% in association with DLCO decline ≥15% in 12 
±3 months [26]. ACR/EULAR: American College of Rheumatology/European League against rheumatism; GERD: gastroesophageal reflux disease; HRCT: 
high-resolution computed tomography; ILD: interstitial lung disease; PFT: pulmonary function tests; PPI: proton pump inhibitors; RHC: right heart 
catheter; SSc: systemic sclerosis 
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with or without PPI use in the whole SSc-ILD population. To 
identify disease characteristics independently associated with 
GERD, a multivariable logistic regression model was applied 
obtaining OR and 95% confidence intervals (CI). The differ
ent variables were tested for collinearity. A high collinearity 
was defined by r>0.7 [29]. The area under the curve (AUC) 
and 95% CI of the logistic regression model were calculated.

A multivariable Cox proportional hazard regression model 
(with hazard ratios HR and 95% CI) was performed to iden
tify the predictive factors for ILD progression.

Covariates for the multivariable models were selected 
according to literature and expert opinion. These included 
sex, age, disease duration, cutaneous subset according to 
LeRoy classification, smoking status, anti-topoisomerase 1 
antibodies, FVC, DLCO, dyspnea NYHA class >2, use of 
ILD modifying treatment and use of PPI [2, 5, 6]. To account 
for missing values, the data for multivariable models (logistic 
and cox regression) were analysed using multiple imputations 
by chained equations with 10 imputations after 10 iterations 
[30, 31].

Progression-free survival and overall survival were assessed 
using the Kaplan–Meier method.

The significance level for all tests was two-sided and set at 
0.05. Statistical analysis was performed using IBM SPSS 
Version 29.0.0.0.

Results
Baseline characteristics
Among 22 860 patients in the EUSTAR cohort, 5462 SSc- 
ILD patients were included in the current study. Overall, 
4400 (80.6%) patients reported GERD symptoms and 1062 
(19.4%) no GERD symptoms before or at baseline (flow- 
chart in Fig. 1).

At baseline, SSc-ILD patients with GERD were more often 
female (83.8% vs 80.0%, P¼0.003), had longer disease du
ration (10.2 ± 8.8 vs 7.1 ± 7.4 years, P< 0.001) and more fre
quently the diffuse cutaneous subset (50.2% vs 38.7%, 
P< 0.001) as compared with SSc-ILD patients without 
GERD. SSc-ILD patients with GERD had more often other 
gastrointestinal symptoms, musculoskeletal involvement, left 
heart dysfunction and vascular involvement as reflected by 
higher frequencies of digital ulcers, telangiectasia and late 
scleroderma pattern on capillaroscopy. Disease characteris
tics of SSc-ILD patients with and without GERD are pre
sented in Table 1.

Lung involvement was more severe in SSc-ILD patients 
with GERD as compared with those without GERD, as 
reflected by more respiratory symptoms, a lower FVC%pred 
(85.8 ± 22.1 vs 90.2 ± 20.1, P<0.001), a lower DLCO%pred 
(60.8 ± 19.7 vs 65.3 ± 20.6, P<0.001), worse performance at 
the 6 min walking test and more frequent use of ILD modify
ing treatment (40.5% vs 27.0%, P<0.001) (Table 2).

A multivariable logistic regression analysis was performed 
to identify independent factors associated with GERD in SSc- 
ILD patients. A longer disease duration (OR: 1.05 [1.04– 
1.06], P< 0.001), diffuse cutaneous SSc (OR: 1.44 [1.22– 
1.69], P<0.001), stomach symptoms (OR: 4.44 [3.41–5.79], 
P< 0.001) and intestinal symptoms (OR: 1.87 [1.52–2.30], 
P< 0.001) were depicted as independent risk factors. 
Furthermore, lower DLCO%pred at baseline (OR: 0.99 
[0.99–1.00], P¼0.015) and treatment with ILD-modifying 
drugs (OR: 1.49 [1.25–1.78], P<0.001) were also 

independently associated with GERD in SSc-ILD patients 
(Table 3). Correlations between predictor variables were low 
(r< 0.50), indicating that multicollinearity was not a biasing 
factor in the analysis [29].

PPI were reported as ongoing in 1987/3230 (61.5%) 
GERD patients at baseline visit. SSc-ILD patients with GERD 
currently treated with PPI had a more severe ILD disease than 
patients without current use of PPI, with also a more frequent 
use of ILD modifying treatment (48.7% vs 27.4%, 
P< 0.001), more frequently dyspnea with NYHA >2 (18.4% 
vs 12.2%, P<0.001), lower values of FVC%pred (83.8 ± 
22.7 vs 87.5 ± 21.6, P<0.001), DLCO%pred (58.6 ± 19.5 vs 
61.4 ± 19.5, P< 0.001) and 6 min walking distance 
(Supplementary Table S1, available at Rheumatology online).

Longitudinal analysis
Over a mean follow-up of 6.0 ± 4.0 years, 1691 SSc-ILD 
patients with GERD with at least one annual follow-up visit 
could be included in the longitudinal analysis (flow-chart in  
Fig. 1). An average of 2.8 ± 2.2 annual intervals were studied. 
Patients with annual visits had less severe lung involvement 
compared with patients with follow-ups outside annual 
range; however, the mortality rate did not differ significantly 
(Supplementary Table S2, available at Rheumatology online).

Among the 1691 SSC-ILD patients, 608 (35.9%) patients 
had at least one progression episode of ILD and this event oc
curred on average 3.5 ± 3.03 years after baseline visit.

Over a mean follow-up of 6.0 ± 4.0 years, 192 of 1691 
(11.4%) SSc-ILD patients with GERD died, of which 90 
(46.9%) patients had previous progression of ILD. Overall, 
710/1691 (41.9%) experienced ILD progression and/or 
death. There was no significant difference in progression-free 
survival in GERD and non-GERD subpopulations 
(Supplementary Fig. S1, available at Rheumatology online).

Because we labelled GERD as patients with gastroesopha
geal symptoms before and/or at baseline visit, we additionally 
analysed the subgroup with active gastroesophageal symp
toms at baseline visit. This subpopulation was a consistent 
part of the whole group, showing an active involvement in 
88% of SSc-ILD patients with GERD (3834/4352), with lon
gitudinal data for 1454 patients. Over a mean follow-up of 
6.0 ± 4.0 years including these 1454 GERD patients with ac
tive symptoms, progression of ILD occurred on average after 
3.6 ± 3.0 years in totally 531 patients, in line with the num
bers of the whole group.

Predictors of progression, mortality and 
progression-free survival in the whole SSc-ILD 
population with GERD
In SSc-ILD patients with GERD, female sex (HR: 1.39 [1.07– 
1.80], P¼0.012) and older age at baseline (HR: 1.02 [1.01– 
1.03], P<0.001) independently predicted progression of ILD 
(Table 4). Consistently, relative FVC%pred decline ≥10% 
was more prevalent in females than in males (31.9% vs 25%, 
P¼ 0.020), without significant difference regarding 
DLCO%pred decline (Supplementary Table S3, available at 
Rheumatology online).

Predictive factors for mortality were older age (HR: 1.06 
[1.05–1.08], P<0.001), diffuse cutaneous subset (HR: 1.49 
[1.05–2.11], P¼0.026), and lower FVC%pred (HR: 0.99 
[0.98–1.00], P¼0.040) and lower DLCO%pred at baseline 
(HR: 0.98 [0.96–0.99], P<0.001) (Table 5).
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Predictive factors for progression of ILD or death in SSc- 
ILD patients with GERD were female sex (HR: 1.32 [1.04– 
1.66], P¼0.021), older age (HR: 1.02 [1.01–1.03], 
P< 0.001) and lower FVC%pred at baseline (Table 5).

In the exploratory subanalyses including GERD patients 
with active esophageal symptoms at baseline female, older 
age and lower FVC%pred at baseline were confirmed predic
tive for progression of ILD (Supplementary Table S4, avail
able at Rheumatology online). Older age and lower 
DLCO%pred predicted mortality in this subgroup of GERD 
patients with active symptoms at baseline. Predictive factors 
for progression of ILD or death were similar to the whole 
SSc-ILD subpopulation with GERD (Supplementary Table 
S5, available at Rheumatology online). To determine whether 
females generally have a higher risk of ILD progression or if 
this is specific to the subgroup of SSc-ILD patients with 
GERD, we assessed risk factors for ILD progression in the en
tire SSc-ILD cohort. In this cohort, female sex was also 

identified as a predictor of ILD progression (HR: 1.22 [1.00– 
1.49], P¼0.046) (Supplementary Table S6, available at 
Rheumatology online). However, 80% of this cohort had 
GERD. An additional subanalysis was therefore performed 
on the non-GERD cohort without PPI use, representing the 
pure non-GERD subgroup. In this subgroup, female sex was 
no longer a predictive factor for ILD progression 
(Supplementary Table S7, available at Rheumatology online), 
suggesting that the predictive factors for ILD progression 
may vary, particularly with regard to sex, depending on the 
presence of GERD.

Exploratory analyses of survival according to 
PPI usage
In our exploratory analysis, 2569 SSc-ILD GERD patients 
with at least one follow-up at any time (flow-chart in Fig. 1) 
were included and analysed regarding mortality in up to 
8 years follow-up (mean follow-up 4.8 ± 3.9 years). The 

Table 1. Baseline characteristics of the GERD and non-GERD SSc-ILD subpopulations

Total GERDa non GERDa N data available P value�

n¼ 5462 n¼4400 n¼1062

Female sex 4538/5461 (83.1) 3688/4399 (83.8) 850/1062 (80.0) 5461 0.003
Age at baseline, years 57.1 (13.3) 57.3 (13.2) 56.6 (13.7) 5462 0.133
Ethnicity 4952 <0.001

White 4513/4952 (91.1) 3651/3984 (91.6) 862/968 (89.0)
Asian 210/4952 (4.2) 147/3984 (3.7) 63/968 (6.5)
Black 76/4952 (1.5) 60/3984 (1.5) 16/968 (1.7)
Other 153/4952 (3.1) 126/3984 (3.2) 27/968 (2.8)

Ever smoker 1405/3971 (35.4) 1147/3276 (35.0) 258/695 (37.1) 3971 0.291
Disease duration, years 9.7 (8.7) 10.2 (8.8) 7.1 (7.4) 4697 <0.001
Diffuse cutaneous SScb,c 2003/4174 (48.0) 1695/3378 (50.2) 308/796 (38.7) 4174 <0.001
SScb-specific auto-antibodiesc

Anti-Centromere 980/4761 (20.6) 798/3837 (20.8) 182/924 (19.7) 4761 0.458
Anti-Topoisomerase 1 2540/4886 (52.0) 2043/3936 (51.9) 497/950 (52.3) 4886 0.820
Anti-RNA Polymerase III 171/3362 (5.1) 137/2717 (5.0) 34/645 (5.3) 3362 0.812

Treatment
ILD modifying treatmentd 1492/3912 (38.1) 1308/3230 (40.5) 184/682 (27.0) 3912 <0.001
Corticosteroids 1355/3912 (34.6) 1216/3230 (37.6) 139/682 (20.4) 3912 <0.001
Prednisone dose <10 mg/day 964/1248 (77.2) 878/1121 (78.3) 86/127 (67.7) 1248 0.007
Prednisone dose, mg 7.4 (7.3) 7 (5.8) 10.7 (15.0) 640 0.061
Proton pump inhibitors 1987/3912 (50.8) 1987/3230 (61.5) 0/682 0 3912 <0.001

CRPe elevation >5 mg/L 1089/5367 (20.3) 897/4321 (20.8) 192/1046 (18.4) 5367 0.083
Scleroderma renal crisis 90/5371 (1.7) 72/4328 (1.7) 18/1043 (1.7) 5371 0.888
Scleroderma pattern at 

capillaroscopy
2621/2897 (90.5) 2101/2307 (91.1) 520/590 (88.1) 2897 0.030

Early scleroderma pattern 421/2055 (20.5) 315/1647 (19.1) 106/408 (26) 2055
Active scleroderma pattern 801/2055 (39) 613/1647 (37.2) 188/408 (46.1) 2055
Late scleroderma pattern 833/2055 (40.5) 719/1647 (43.7) 114/408 (27.9) 2055

Digital ulcers 3897 <0.001
Current 704/3897 (18.1) 605/3198 (18.9) 99/699 (14.2)
Previously 1233/3897 (31.6) 1080/3198 (33.8) 153/699 (21.9)
Never 1960/3897 (50.3) 1513/3198 (47.3) 447/699 (63.9)

Telangiectasia 2429/3895 (62.4) 2070/3195 (64.8) 359/700 (51.3) 3895 <0.001
Heart dysfunction (LVEFf <50%) 358/4653 (7.7) 312/3746 (8.3) 46/907 (5.1) 4653 <0.001
Stomach symptomsg 1238/5347 (23.2) 1174/4299 (27.3) 64/1048 (6.1) 5347 <0.001
Intestinal symptomsg 1336/5361 (24.9) 1202/4312 (27.9) 134/1049 (12.8) 5361 <0.001

Variables are presented as n (percentages) or as means (SD).
a GERD, gastroesophageal reflux disease.
b SSc, systemic sclerosis.
c Assessment of cutaneous subset according LeRoy classification [23].
d ILD (interstitial lung disease) modifying treatment includes cyclophosphamide, mycophenolate mofetil, tocilizumab, rituximab, nintedanib, autologous 

stem cell transplantation and lung transplantation [25].
e CRP, c-reactive protein.
f LVEF, left ventricular ejection fraction.
g Stomach and intestinal symptoms were defined by past medical history.
� P values were obtained using students t test or χ2 test.
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overall survival of patients with current use of PPI signifi
cantly differed from patients without PPI (P¼0.022) 
(Supplementary Fig. S2, available at Rheumatology online).

Discussion
To our knowledge, this is the first study to specifically char
acterize the phenotype of SSc-ILD patients with GERD. In 
our cohort, more than three quarters of SSc-ILD patients had 
GERD symptoms, consistent with previous data [12, 14].

We were able to precisely define the characteristics of SSc- 
ILD patients with GERD: they had overall a more severe ILD 
phenotype, as reflected by the higher prevalence of respira
tory symptoms, lower FVC%pred and DLCO%pred values, 
worse performance on the 6-min walking test and more fre
quent use of ILD modifying treatment. Moreover, they were 

characterized by a more severe systemic disease with more 
diffuse cutaneous subset, left heart dysfunction, inflamma
tory and vascular manifestations, suggesting that the presence 
of GERD may characterize SSc-ILD patients with a more se
vere lung involvement but also with a more severe SSc over
all. Consistently, the use of PPI as a surrogate marker for 
more severe and possibly active GERD showed an association 
of a more severe lung involvement in GERD patients with PPI 
treatment at the time of the consultation. These data confirm 
a previous study of the German cohort on 1931 SSc-ILD 
patients, where PPI use was associated with lower FVC, 
lower DLCO and more frequent use of immunosuppressive 
therapies [16]. Therefore, the presence of GERD and the use 
of PPI might help to risk stratify SSc-ILD patients towards a 
more severe disease.

In our study, SSc-ILD patients with GERD and PPI use 
showed poorer survival, suggesting that patients with a more 
severe GERD needing persistent use of PPI have worse 

Table 2. Characteristics of lung involvement in SSc-ILD patients with and without GERD

Total GERDa Non GERDa N data available P value�

n¼ 5462 n¼ 4400 n¼1062

Dyspnea NYHAb >2 714/4901 (14.6) 616/3956 (15.6) 98/945 (10.4) 4901 <0.001
O2-saturation at rest 96.6 (4.0) 96.5 (4.1) 97.1 (3.7) 1492 0.018
FVC%predc at baseline 86.6 (21.8) 85.8 (22.1) 90.2 (20.1) 4637 <0.001
FVC%predc <80% 1740/4637 (37.5) 1474/3729 (39.5) 266/908 (29.3) 4637 <0.001
DLCO%predd at baseline 61.7 (20.0) 60.8 (19.7) 65.3 (20.6) 4286 <0.001
DLCO%predd <70% 2844/4286 (66.4) 2335/3447 (67.7) 509/839 (60.7) 4286 <0.001
6-min walking distance, metres 438.8 (131.3) 431.5 (132.9) 466.2 (121.3) 1576 <0.001

Variables are presented as n (percentages) or as means (SD).
a GERD, gastroesophageal reflux.
b NYHA, New York Heart Association [24].
c FVC%pred, % predicted forced vital capacity.
d DLCO%pred, % predicted diffusing capacity of lungs for carbon monoxide.
� P-value obtained using χ2 tests or students t-tests.

Table 3. Factors independently associated with GERD in SSc-ILD 
subpopulation

Covariates OR [95% CI] P value�

Male sex 0.90 [0.74–1.10] 0.294
Age at baseline, years 1.00 [1.00–1.01] 0.332
Disease duration, years 1.05 [1.04–1.06] <0.001
Diffuse cutaneous SSca 1.44 [1.22–1.69] <0.001
Anti-Centromereb 1.17 [0.94–1.45] 0.154
Ever smoker 0.92 [0.77–1.10] 0.348
CRPc elevation >5 mg/L 1.02 [0.85–1.23] 0.817
Dyspnea NYHAd >2 1.17 [0.92–1.50] 0.204
FVC%prede at baseline 1.00 [0.99–1.00] 0.105
DLCO%predf at baseline 0.99 [0.99–1.00] 0.015
Stomach symptomsg 4.44 [3.41–5.79] <0.001
Intestinal symptomsg 1.87 [1.52–2.30] <0.001
ILD modifying treatmenth 1.49 [1.25–1.78] <0.001

a SSc, systemic sclerosis.
b Assessment of cutaneous subset according LeRoy classification [23].
c CRP, C-reactive protein.
d NYHA, New York Heart Association [24].
e FVC%pred, % predicted forced vital capacity.
f DLCO%pred, % predicted diffusing capacity of lungs for 

carbon monoxide.
g Stomach and intestinal symptoms were defined by past 

medical history.
h ILD (interstitial lung disease) modifying treatment includes 

cyclophosphamide, mycophenolate mofetil, tocilizumab, rituximab, 
nintedanib, autologous stem cell transplantation and lung 
transplantation [25].
� P values were obtained using multivariable logistic regression with 

multiple imputations. Bold text highlights significant results.

Table 4. Predictive factors for progression of ILD in longitudinal SSc-ILD 
subpopulation with GERD

Progression of ILDa over 12 ± 3 months

Covariates HR [95% CI] P value�

Female sex 1.39 [1.07–1.80] 0.012
Age at baseline, years 1.02 [1.01–1.03] <0.001
Disease duration, years 0.99 [0.98–1.00] 0.099
Diffuse cutaneous SScb,c 1.08 [0.88–1.33] 0.469
Anti-Topoisomerase 1c 0.96 [0.79–1.18] 0.725
Ever smoker 1.01 [0.76–1.34] 0.964
Dyspnea NYHAd >2 1.16 [0.89–1.52] 0.265
FVC%prede at baseline 1.00 [0.99–1.00] 0.097
DLCO%predf at baseline 1.00 [0.99–1.00] 0.305
ILD modifying treatmentg 1.06 [0.86–1.31] 0.603
Proton pump inhibitors 0.96 [0.78–1.18] 0.693

a ILD, interstitial lung disease.
b SSc, systemic sclerosis.
c Assessment of cutaneous subset according LeRoy classification [23].
d NYHA, New York Heart Association [24].
e FVC%pred, % predicted forced vital capacity.
f DLCO%pred, % predicted diffusing capacity of lungs for 

carbon monoxide.
g ILD (interstitial lung disease) modifying treatment includes 

cyclophosphamide, mycophenolate mofetil, tocilizumab, rituximab, 
nintedanib, autologous stem cell transplantation and lung 
transplantation [25].
� P values were obtained using cox regression analyses with multiple 

imputations. Bold text highlights significant results.
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outcomes. Conversely in the German cohort, the use of PPI 
prevented ILD progression [16]. However, the German study 
included fewer patients as compared with ours (1050 vs 2472 
patients). In addition, in both cohorts, the date on which PPI 
were prescribed and the duration of treatment were not speci
fied, which may explain the discrepancies. One may hypothe
size that treatment started at early stages of the ILD or before 
ILD diagnosis has an impact on ILD course. However, in a 
cohort study, gastroprotective agents did not prevent the on
set of SSc-ILD [32]. Therefore, the effect of PPI to prevent 
progression of ILD in SSc-ILD patients with GERD remains 
mostly unclear. An update of the 2022 guideline for IPF has 
removed PPIs as a treatment option due to insufficient data 
to support benefit [27]. Therefore, prospective, randomized, 
controlled clinical trials are needed to assess the effects of PPI 
use in SSc-ILD. To select the population to enrich in this trial, 
the factors associated with ILD progression in this subpopu
lation must be identified. In our study, female sex and older 
age were identified as risk factors for progression of ILD in 
the SSc-ILD subpopulation with GERD. Although male sex 
was associated with development of ILD in SSc [33], the im
pact of sex on the progression of ILD remains less clear [5, 
17, 34]. In a study by Le Gouellec et al., sex has not been 
identified as a predictor for progression of ILD; however, the 
results were limited by the small sample size of the cohort 
(n¼75) including only 18 male patients [34]. In a EUSTAR 
study by Hoffmann-Vold et al. [5], male sex together with re
flux were amongst the strongest predictive factors for FVC 
decline over 5 years. These discordant results in the EUSTAR 
cohort may be explained by a smaller sample size (826 vs 
1691), different inclusion criteria and the adjustment of the 
models for the presence of reflux. On the other hand, our 
results are consistent with a recent EUSTAR study by 
Campochiaro et al. which shows that women more fre
quently experienced progression of ILD [17]. To determine 
whether females generally have a higher risk of ILD progres
sion or if this is specific to the subgroup of SSc-ILD patients 
with GERD, we assessed risk factors for ILD progression in 

the non-GERD cohort without PPI use, representing the pure 
non-GERD subgroup. In this subgroup, female sex was no 
longer a predictive factor for ILD progression, suggesting 
that female sex could represent a new risk factor in the SSc- 
ILD population with GERD. This data needs to be considered 
for further cohort enrichment for clinical trials. Our results 
also suggest the development of a sex-stratified approach in 
SSc-ILD patients with GERD. One possible explanation for 
this sex difference could be anatomical factors, as men physi
ologically have a longer esophagus than women, which may 
reduce their susceptibility to microaspirations that contribute 
to the progression of lung fibrosis [35]. Another known risk 
factor for progression of ILD in the general SSc-ILD popula
tion is the presence of anti-topoisomerase 1 antibodies, which 
does not appear to play a significant role in progression of 
ILD in our SSc-ILD population with GERD, confirming a 
previous study by Zhang et al. [36].

Despite the substantial differences and more severe organ 
involvement in SSc-ILD patients with GERD, no significant 
difference in progression-free survival was observed between 
the GERD and non-GERD subpopulations in our analysis. 
These results are consistent with the study by Kreuter et al. 
[16]. However, GERD patients with active reflux, as indi
cated by the use of PPIs, exhibited more severe lung involve
ment and poorer overall survival in a sub-analysis of the SSc- 
ILD-GERD group.

Our study should be interpreted within its limitations. Our 
definition of GERD was based on a history of reflux and/or 
dysphagia symptoms and severity of GERD symptoms was 
not recorded [37]. To date, the diagnosis of GERD can be 
made both symptom-based and by physiologic testing and is 
limited in both respects; due to the pragmatic approach to 
clinical practice, the diagnosis is often made clinically.

A study by Volkmann et al. showed a clear correlation of 
severity of reflux symptoms with progressive ILD using SSc- 
specific questionnaires; in contrast, no association could be 
found with radiographically measured esophageal diameters 
and ILD progression [15]. Thus, it could be hypothesized 

Table 5. Predictive factors for overall survival and progression-free survival in longitudinal SSc-ILD subpopulation with GERD

Death Progression of ILDa over 12 ± 3 months or death

n¼192 n¼ 710

Covariates HR [95% CI] P value HR [95% CI] P value

Female sex 0.73 [0.50–1.08] 0.119 1.32 [1.04–1.66] 0.021
Age at baseline, years 1.06 [1.05–1.08] <0.001 1.02 [1.01–1.03] <0.001
Disease duration, years 1.01 [0.99–1.03] 0.355 0.99 [0.98–1.00] 0.235
Diffuse cutaneous SScb,c 1.49 [1.05–2.11] 0.026 1.11 [0.90–1.36] 0.319
Anti-Topoisomerase 1c 1.18 [0.81–1.72] 0.380 0.94 [0.77–1.15] 0.553
Ever smoker 1.34 [0.90–2.00] 0.143 1.03 [0.80–1.33] 0.833
Dyspnea NYHAd >2 1.23 [0.80–1.90] 0.345 1.16 [0.91–1.49] 0.224
FVC%prede at baseline 0.99 [0.98–1.00] 0.040 0.99 [0.99–1.00] 0.030
DLCO%predf at baseline 0.98 [0.96–0.99] <0.001 1.00 [0.99–1.00] 0.105
ILD modifying treatmentg 0.74 [0.49–1.10] 0.139 1.02 [0.83–1.25] 0.856
Proton pump inhibitors 1.17 [0.76–1.79] 0.462 0.98 [0.80–1.20] 0.825

a ILD, interstitial lung disease.
b SSc, systemic sclerosis.
c Assessment of cutaneous subset according LeRoy classification [23].
d NYHA, New York Heart Association [24].
e FVC%pred, % predicted forced vital capacity.
f DLCO%pred, % predicted diffusing capacity of lungs for carbon monoxide.
g ILD modifying treatment includes cyclophosphamide, mycophenolate mofetil, tocilizumab, rituximab, nintedanib, autologous stem cell transplantation 

and lung transplantation [25].
� P values were obtained using cox regression analyses with multiple imputations. Bold text highlights significant results.
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that patient-oriented questioning has a greater benefit in de
termining severity than instrument-based measurements. 
Although such a scoring system was not available in our 
study, we approximated reflux severity by current use of PPI 
as a surrogate marker of more severe reflux disease. 
However, it must be acknowledged that the persistent use of 
PPIs may not be a marker of GERD severity, but rather an in
dicator of ongoing active reflux. Gastric ulcer disease could 
potentially serve as a marker for assessing reflux severity. 
Unfortunately, peptic ulcer disease was not examined in our 
study, as gastroscopy results were unavailable in the 
EUSTAR database. Furthermore, it could be argued that we 
only proceeded according to the symptom-based GERD diag
nosis, whereby only upper gastrointestinal complaints before 
and/or at baseline visit were surveyed. To ensure that the cur
rent symptom burden is also examined, we included a suba
nalysis investigating active reflux symptoms at baseline. As 
expected, this did not show any major difference to our main 
results. In addition, it must be taken into account that the use 
of medications such as calcium channel blockers or endothe
lin receptor antagonists can also promote reflux, and it would 
be difficult to distinguish between GERD due to SSc disease 
and a possible drug side effect based on the symptoms alone. 
Due to a high number of missing data on the use of these 
medications at baseline (>60%), this could not be studied in 
the present analysis. However, the prevalence of GERD ob
served in our cohort was consistent with previous reports in 
SSc and SSc-ILD [12–15, 38, 39].

For the definition of progression of ILD, we used the com
posite functional criteria and stringent definition with consid
erable decrease of FVC, as suggested by Goh et al. [26]. 
However, it should be noted that this definition only includes 
pulmonary functional tests and neither clinical symptoms nor 
measurements of the radiologic extent or pattern of the lung 
disease are taken into account, as for instance in the ATS/ 
ERS criteria [27]. However, a limited number of HRCTs 
were performed in our cohort, and the extent of fibrosis was 
only estimated as > and <20% in the EUSTAR database, 
which is inadequate for further analysis. Furthermore, data 
regarding respiratory symptoms at follow-up were missing, 
which is why the application of these classification criteria 
was not feasible. There are a variety of different criteria for 
progression of ILD, which makes comparability between 
studies difficult. To validate our results, further studies using 
different criteria for progression of ILD would be necessary.

Another limiting factor is not considering only deaths of 
pulmonary origin. The cause of death was unknown in our 
cohort. However, the precise cause of death can be difficult 
to determine, and ILD, even if it is sometimes not the direct 
cause of death, can often precipitate/favor the death in this 
context (e.g. death due to lung infection, etc). In this way, 
death reflects the overall severity of the disease, which is 
largely explained by lung damage in SSc. Furthermore, a limi
tation may be related to the presence of missing data in the 
EUSTAR registry. However, <8% of the data were missing, 
and the presence of missing data was addressed by perform
ing multiple imputations. Finally, most patients were of 
Caucasian descent, therefore study results additionally need 
to be validated for other ethnicities.

Nonetheless, our study also has important strengths. This 
is the first study to evaluate characteristics and disease pro
gression in SSc-ILD patients with GERD in such a large num
ber of patients. Multivariable models were done to determine 

accurately the risk factors for ILD progression. Additionally, 
for our longitudinal analysis we excluded patients with pul
monal hypertension at any time point diagnosed in RHC, be
cause DLCO values are altered in pulmonary hypertension 
[2]. Moreover, to avoid the confounding factor, patients 
without reported GERD symptoms before and/or at the time 
of the consultation but using PPI were excluded from fur
ther analyses.

In conclusion, GERD is a common manifestation in SSc- 
ILD and is associated with more severe disease. Predictive 
factors for ILD progression in patients with GERD may differ 
from the general SSc-ILD population, with a possible higher 
risk in women.
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