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Abstract
Introduction  Digital ulcers (DU) are one of the most frequent manifestations in systemic sclerosis (SSc). The presence of 
DU seems to be a sentinel sign of internal organ involvement and is related to a poor prognosis of the disease. The aim of 
this study was to evaluate the prevalence and the relationship of DU with clinical manifestations/variants in a large SSc 
cohort from the SPRING registry.
Methods  SSc patients fulfilling the ACR/EULAR 2013 classification criteria without missing data on digital ulcers were 
enrolled in a cross-sectional study. Logistic regression models were built to test the association between the presence of DU 
and SSc-related features.
Results  Among 1873 eligible SSc patients, the presence of DU was significantly associated with gastrointestinal involve-
ment (OR 1.88, 2.04 and 1.74; p < 0.001) and serum ATA positivity (OR 2.15; p < 0.001), as well as with telangiectasias, 
sclerodactyly, digital pitting scar, and calcinosis (OR 1.40, p = 0.005; OR 3.43, p < 0.001, OR 9.12, p < 0.001 and OR 2.77, 
p < 0.001; respectively). In the multivariable regression models, even after adjustment for covariates, ATA positivity (OR 
1.76, p = 0.039), puffy fingers (OR 2.82, p < 0.001), and a higher revEUSTAR-AI (OR 6.63, p < 0.001) emerged as risk 
factors for the presence of DU. Moreover, a low presence of DU was recorded in SSc patients with a history of previous 
immunosuppressive treatments (OR 0.53, p = 0.032).
Conclusion  In our Italian SSc cohort, DUs were significantly associated with the presence of puffy fingers, high revEUSTR-
AI, and ATA seropositivity. Noteworthy, immunosuppressive treatments were associated with a low rate of DU, suggesting 
that they might contribute to the prevention of these harmful manifestations.

Key Points
• Digital ulcers were significantly associated with the presence of puffy fingers, high disease activity, and anti-Scl70 seropositivity.
• Immunosuppressive treatments were associated with a low rate of digital ulcers, suggesting that they might contribute to the prevention of 

these harmful manifestations.
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Introduction

Digital ulcers (DU) are one of the most frequent manifesta-
tions in systemic sclerosis (SSc) [1–3], affecting around 58% 
of SSc patients [4], also in the very early phase of the disease 
[5]. Scleroderma vascular manifestations characterize the 
disease clinical course; they manifest as Raynaud Phenom-
enon (RP) since the prodromic phase of SSc, DU, pulmonary 
arterial hypertension (PAH), and/or scleroderma renal crisis 

(SRC) [6]. DUs represent an important burden both for the 
patient and the rheumatologist because they can complicate 
into local infection, osteomyelitis, gangrene, and eventu-
ally amputation [7–9]. Moreover, they are the major cause 
of pain and disability that may severely affect the patients’ 
quality of life [10–15]. Up to 66% of patients with DU can 
experience recurrent DU, despite optimal pharmacological 
therapies [4].
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The pathophysiology of DU is complex and mainly 
remains in the scleroderma diffuse cutaneous microangiopa-
thy and impaired neoangiogenesis [4, 6]; the skin sclerosis 
and joint contractures leading to increased susceptibility to 
trauma may severely contribute to vasculopathy and conse-
quent difficult wound healing.

The skin ulcers that can be found in the course of SSc 
are quite different with regard to pathogenesis and clinico-
therapeutic implications as a consequence of their specific 
localization [11]; among them, DUs are to be considered 
the direct expression of underlying scleroderma microangi-
opathy [2, 4]. Therefore, the presence of DU seems to be a 
sentinel sign of internal organ involvement [5] and has been 
related to a poor prognosis [16], regardless of the concur-
rence of PAH or SRC [17, 18].

In particular, there is a strong association between the 
presence and recurrence of DU and disease progression, as 
well as a shorter time to disease progression [19]. Finally, a 
history of DU recently emerged as a red flag for the replace-
ment of myocardial fibrosis at cardiac magnetic resonance 
[20], likely due to the same vasculopathic pathogenesis for 
both complications.

The aim of the present study is to investigate the preva-
lence of DU in a large, multicentric SSc cohort of the Italian 
Society for Rheumatology SPRING registry (SIR-SPRING) 
and their correlation with other clinical features, disease 
activity, and ongoing treatments.

Patients and methods

Study population and data collection

This is a cross-sectional study performed on the national, 
multicentric SIR-SPRING; each of the 37 participating cent-
ers received approval from the local Ethical Committee, and 
all patients signed an informed consent. Patients enrolled in 
the SPRING registry were aged > 18 years, classified accord-
ing to the SSc ACR/EULAR 2013 criteria [21]. Patients with 
missing data on the presence/absence of digital ulcers were 
excluded. DU were defined as previously reported [23] and 
classified as non-spontaneous healing “loss of substance” 
affecting one or more acral skin zones of the hands and feet 
[2, 24]. The diagnosis of the disease, as well as the nailfold 
videocapillaroscopy (NVC) and clinical evaluation, was 
made by an expert rheumatologist, as previously described 
[22]. Baseline information collected in the SPRING data-
base included demographic data (covering geographical area 
and occupational data), autoantibody profile, clinical signs 
and symptoms of disease, disease cutaneous subset, organ 

involvement, previous and current therapies, categorized as 
vasoactive/vasodilating drugs (bosentan, ambrisentan, mac-
itentan, sildenafil, tadalafil, iloprost, epoprostenol, PGE1, 
riociguat; calcium channel blocker), corticosteroids, and 
immunosuppression therapy (cyclophosphamide, metho-
trexate, mycophenolate, cyclosporine, rituximab, anti-tumor 
necrosis factor-α antagonists, tocilizumab, and abatacept).

In addition, the revised EUSTAR activity index (revEUS-
TAR-AI) was calculated to quantify SSc disease activity [25, 
26]. The principal comorbidities, as defined in the Charlson 
comorbidity score and reported in our previous manuscript 
[27], were also considered.

Statistical analysis

Demographic and disease-related features were analyzed 
through descriptive statistics results and were presented as 
numbers and percentages for categorical variables, other-
wise as means (standard deviation) or medians (interquar-
tile range) according to normal or non-normal distributions. 
Univariable and multivariable logistic regression models 
were estimated to test the association between the presence 
of DU and SSc-related characteristics. Multivariable models 
included covariates selected according to both their statisti-
cal significance and clinical relevance. A stepwise selection 
procedure based on the Akaike information criterion (AIC) 
was implemented in order to include in the final multivari-
able model the most informative variables among the can-
didate ones. Results were reported as Odds ratios (OR) with 
95% confidence intervals (95% CI) and p values. Missing 
data are reported in tables and supplementary materials. 
The significance level alpha was set at 0.05. Imputation of 
missing data was not performed. As a result, for each vari-
able, the estimation of the association with respect to DU 
was based only on the subjects without missing values in it. 
Moreover, the multivariable regression models were esti-
mated from the data of the subjects without missing values 
in all the considered variables. All analyses were performed 
using R version 4.3.2 statistical software (The R Foundation 
For Statistical Computing, 2023, Vienna, Austria).

Results

Descriptive analysis

Based on the abovementioned inclusion criteria, 1873SSc 
patients were eligible for the study. In line with previ-
ous reports [25], two-thirds of patients were classified 
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as limited cutaneous SSc (1252, 67.8%), with a mean 
age 59.4 ± 13.7 SD years and a mean disease duration of 
8.85 ± 7.83 SD years. Anti-topoisomerase I antibodies 
(ATA) were positive in 640 patients (34.6%), while anti-
centromere antibodies (ACA) in 563 patients (32.7%). DU 
were reported in 407 (22%) of patients. PAH was noted 
at right heart catheterization in 31 patients (1.8%), while 
SRC was reported in 22 (1.2%) cases. At baseline, 23.6% 
of the study population were on vasodilator/vasoactive 
treatment (at least one), and 14.8% were on immunosup-
pressive medications (at least one). The mean revEUS-
TAR-AI at baseline was 1.8 ± 1.3. A detailed description 
of the study population is reported in Table 1.

Associations between digital ulcers and disease 
characteristics

Among 1873 SSc patients, the presence of DU was asso-
ciated with ATA positivity (OR 2.15; p < 0.001) and GI 
involvement (OR 1.88, 2.04, and 1.74; p < 0.001; respec-
tively for gastric, oesophageal, and intestinal involve-
ment) at univariate analyses. Moreover, the presence of 
telangiectasias, sclerodactyly, digital pitting scar, and cal-
cinosis were all positively associated with the presence of 
DU (OR 1.40, p = 0.005; OR 3.43, p < 0.001, OR 9.12, 
p < 0.001 and OR 2.77, p < 0.001; respectively). Dif-
ferently, female sex and age were negatively associated 
with DU (OR 0.68, p = 0.021 and OR 0.98, p ≤ 0.001; 
respectively) as well as menopausal status (OR 0.69, p = 
0.009), ACA positivity (OR 0.71, p = 0.008), and puffy 
fingers (OR 0.57, p ≤ 0.001). No significant association 
was found between ILD and DU.

Regarding the vasculopathic signs at NVC, the pres-
ence of a scleroderma pattern “active” at NVC was posi-
tively associated with the presence of DU (OR 1.24, p < 
0.001), as well as the presence of avascular areas (OR 
2.26, p < 0.001) and neoangiogenesis (OR 1.38, p < 
0.021). A positive association was found between both 
the previous and ongoing vasodilator or vasoactive treat-
ment (OR 2.49, p < 0.001 and OR 1.30, p = 0.038) as well 
as previous and ongoing immunosuppressive treatment 
(OR 1.30, p = 0.018 and OR 1.68, p < 0.001) and DU. No 
significant association was found regarding PAH and SRC 
(OR 1.77, p = 0.447). Detailed data are present in Table 2.

In multivariate models, the presence of DU was asso-
ciated with ATA positivity (OR 1.76, CI 1.03–3.02, 
p = 0.039), the presence of puffy fingers (OR 2.82, CI 
= 1.66–4.86, p < 0.001), and a higher revEUSTAR-AI 
(OR 6.63, CI 5.05–8.92, p < 0.001) (Table 3). Conversely, 
a previous immunosuppressive treatment (OR 0.53, CI 
0.29–0.94, p = 0.032) was the only feature associated 

Table 1   Descriptive analysis of the population enrolled

Parameters All pts
(n = 1873)

Missing

Female sex, n (%) 1658 (88.7) 4
Age (years), mean (SD) 59.4 (13.7) 3
BMI, mean (SD) 24.1 (4.3) 215
Smoking habit, n (%) 202

 Never smoker
 Past smoker
 Current smoker

1119 (67.0)
353 (21.1)
199 (11.9)

Clinical features
 Disease duration (years), mean (SD) 8.85 (7.84) 23
 Esophageal symptoms, n (%) 934 (50.0) 4
 Gastric symptoms, n (%) 361 (19.3) 7
 Intestinal symptoms, n (%) 366 (19.6) 5
 Dyspnea (NYHA class ≥ 2), n (%) 510 (73.4) 1178
 SSc sine scleroderma, n (%) 229 (12.4) 27
 lcSSc, n (%) 1252 (67.8)
 dcSSc, n (%) 365 (19.8)
 Raynaud phenomenon, n (%) 1856 (99.2) 3
 Puffy fingers n (%) 955 (51.1) 5
 mRSS, mean (SD) 6.3 (6.9) 140
 Sclerodactyly, n (%) 1313 (70.2) 2
 Digital pitting scar, n (%) 880 (47.3) 0
 Digital ulcers, n (%) 407 (21.7) 0
 Gangrene, n (%) 10 (0.97) 6
 Osteomyelitis, n (%) 12 (0.6) 7
 Teleangiectasis, n (%) 1133 (60.6) 3
 Calcinosis, n (%) 219 (11.7) 7
 Muscle weakness, n (%) 267 (14.3) 6
 Arthritis, n (%) 209 (11.2) 15
 Tendon friction rubs, n (%) 156 (8.3) 5
 SRC, n (%) 22 (1.2) 5
 PAH, n (%) 31 (66.0) 1826
 ILD, n (%) 1425 (76%) 0
 DLCO (%), mean (SD) 68.7 (20.5) 532
 FVC (%), mean (SD) 101.2 (22.7) 463
 NVC Normal, n (%) 90 (4.9) 45
 NVC Scleroderma Pattern Early, n (%) 365 (20.0)
 NVC Scleroderma Pattern Active, n (%) 797 (43.6)
 NVC Scleroderma Pattern Late, n (%) 434 (23.7)
 Megacapillariesi, n (%) 1175 (62.7) 0
 Microhemorrhages, n (%) 733 (39.1) 0
 Avascular areas, n (%) 519 (27.7) 0
 Neoangiogenesis, n (%) 328 (17.5) 0
 revEUSTAR-AI, mean (SD) 1.83 (1.33) 748

Laboratory profile
 ATA, n (%) 640 (34.6) 24
 RNA pol3, n (%) 28 (1.9) 395
 CENP, n (%) 563 (32.7) 150

Comorbidity
 Arterial hypertension, n (%) 449 (24.0) 0
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with a lower presence of DU (OR 0.53, CI 0.29–0.94, 
p = 0.032) at multivariate analysis. These associations 
are also reported in Fig. 1.

Discussion

Our multicenter study examined the prevalence and clin-
ical relevance of DU in the largest cohort of Italian SSc 
patients by analyzing data from the SIR-SPRING registry. 
We found that 22% of patients reported the presence of DU, 
consistent with previous studies indicating a similar preva-
lence across different populations ranging from 10 to 40% 
[3, 4, 10, 28]. Moreover, a positive association with some 
clinico-serological findings of the disease was observed, 
mainly regarding the peripheral microvascular involve-
ment (RP, telangiectasis, calcinosis, major capillaroscopic 
alteration and DPS), sclerodactyly, serum ATA positivity, 
and GI involvement. Moreover, DU were associated with 
disease duration and disease activity. The strong positive 

association of DU with specific clinical signs such as scle-
rodactyly, telangiectasias, DPS, and calcinosis may identify 
SSc variants with more extensive vascular involvement. The 
pathophysiology of DU in SSc is complex and involves sev-
eral mechanisms, in which vascular diseases play a central 
role. The key pathophysiological factors driving vascular 
involvement in SSc-DU are believed to be ischemia, vascu-
lopathy, platelet activation and fibrin deposition, whereas 
DU could also be linked to mechanical stress, as a result of 
recurrent microtrauma and increased skin tension. [2, 3]. 
Moreover, both circulating endothelial progenitor cells with 
weakened angiogenic function and regression of capillar-
ies and small vessels commonly observed in SSc patients 
strongly suggest an impaired activity of endothelial cells 
in the microvascular homeostasis, although the specific 
mechanisms have not yet been elucidated [29]. In fact, 
histologic evaluation of digital arteries from patients with 
SSc demonstrates intimal hyperplasia, adventitial fibrosis, 
resulting in greater than 75% luminal narrowing and intra-
luminal thrombosis [30] In clinical practice, the presence 
of this symptomatic complex, along with ATA seropositiv-
ity, may be highly predictive of DU development and may 
drive more adequate preventive measures and treatment 
regimens [3, 15, 31]. Moreover, alongside these clinical 
aspects, another interesting aspect of our study regards the 
significant correlation between DUs and major vasculo-
pathic signs observed at NVC, i.e., active scleroderma pat-
tern, avascular areas, and/or neoangiogenesis, which are the 
expression of severe scleroderma microvasculopathy [3, 32]. 
This reinforces the understanding of DU as manifestations 
of the underlying microvascular dysfunction characteristic 
of SSc [33]. In fact, the pathophysiology of DU is mainly 
referred to the scleroderma diffuse cutaneous microangiopa-
thy, and impaired neoangiogenesis. Prior research has dem-
onstrated that abnormalities in capillary morphology can 
serve as predictive markers for the development of DUs, 
thereby emphasizing the utility of NVC in clinical assess-
ments and as monitoring tool even after Ssc diagnosis, to 
better identify SSc patients at higher risk of DU [34].The 
well-documented association of DU with serum ATA [35, 
36] reinforces the prognostic value of these clinical and sero-
logical parameters, hallmarks of more aggressive disease 
phenotypes [3, 15, 31]. Moreover, also the association of DU 
with gastrointestinal involvement is largely reported [3, 10, 
15, 35], asmodifications of blood flow have been observed 
both in the stomach and in the entire intestine [37, 38]. In 
fact, the involvement of the circulation of this tract may be 
correlated to motility impairment, which is the main cause 
of stasis, bowel dilatation with bacterial overgrowth, mal-
absorption, weight loss and a decreased survival rate [39]. 
In the multivariate analysis, ATA positivity together with 
puffy hands and calcinosis remains significantly associated 
with the presence of DU. The analysis of our patient’s cohort 

Table 1   (continued)

Parameters All pts
(n = 1873)

Missing

 Diabetes mellitus, n (%) 56 (3.0) 0
 Complicated diabetes mellitus, n (%) 5 (0.3)
 Dyslipidemia, n (%) 208 (11.1) 0
 Peripheral vascular disease, n (%) 103 (5.5) 0

Ongoing therapy
 Corticosteroids, n (%) 604 (58.4) 839
 Vasodilator or vasoactive treatment (≥ 1), 

n (%)
443 (23.6) 0

 Iloprost, n (%) 878 (73.5) 679
 Antiplatelet/anticoagulant therapy, n (%) 76 (4.1) 0
 Immunosuppressive treatment (≥ 1), n (%) 277 (14.8) 0

Past therapy
 Corticosteroids, n (%) 165 (16.0) 839
 Vasodilator or vasoactive treatment (≥ 1), 
n (%)

1512 (80.3) 0

 Iloprost, n (%) 137 (11.5) 679
 Antiplatelet/anticoagulant therapy, n (%) 874 (46.7) 0
 Immunosuppressive treatment (≥ 1), n (%) 506 (27.0) 0

Legend: SD, standard deviation; BMI, body mass index; RP, 
Raynaud’s phenomenon; ATA​, anti-Scl-70 antibodies; ARA​, anti-RNA 
polymerase III antibodies; CENP-1, anti-centromere antibodies; SSc, 
systemic sclerosis; SSc sine scleroderma, no skin involvement; lcSSc, 
limited skin involvement; dcSSc, diffuse skin involvement; mRSS, 
modified Rodnan Skin Score; DPS, digital pitting scar; DU, digital 
ulcers; SRC, scleroderma renal crisis; NVC, nailfold videocapillaros-
copy; TFR, tendon friction rubs; PAH, pulmonary arterial hyperten-
sion; ILD, interstitial lung disease; DLCO, diffusing capacity of lung 
for carbon monoxide; DLCO/VA, diffusing capacity of lung for car-
bon monoxide divided by alveolar volume; FVC, forced vital capac-
ity; revEUSTAR-AI, revised EUSTAR activity index
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Table 2   Associations between digital ulcers and patients’ characteristics

Parameters Patients, n DU −  DU +  OR (95% CI) p value

Female sex 1869 1310 (89.6%) 348 (85.5%) 0.68 (0.50–0.95) 0.021
Age 1870 60.03 (13.63) 56.97 (13.91) 0.98 (0.98–0.99)  < 0.001
BMI 1658 24.35 (4.34) 23.3 (4.35) 0.94 (0.91–0.97)  < 0.001
Smoking habit 1671

 Never smoker 885 (67.05%) 234 (66.67%) Reference
 Past smoker 281 (21.29%) 72 (20.51%) 0.97 (0.72–1.30) 0.835
 Current smoker 154 (11.67%) 45 (12.82%) 1.11 (0.77–1.59) 0.588

Menopausal status 1512 931 (76.44%) 203 (69.05%) 0.69 (0.52–0.91) 0.009
Laboratory

 ATA​ 1849 445 (30.71%) 195 (48.75%) 2.15 (0.93–6.05)  < 0.001
 RNA pol3 1478 19 (1.64%) 9 (2.8%) 1.73 (0.77–3.86) 0.182
 CENP 1723 461 (34.28%) 102 (26.98%) 0.71 (0.55–0.91) 0.008
 Clinical characteristics
 Disease duration 1850 8.28 (7.52) 10.92 (8.58) 1.04 (1.03–1.05)  < 0.001
 Esophageal symptoms 1869 683 (46.62%) 251 (62.13%) 1.88 (1.50–2.35)  < 0.001
 Gastric symptoms 1866 244 (16.68%) 117 (29.03%) 2.04 (1.58–2.64)  < 0.001
 Intestinal symptoms 1866 257 (17.55%) 109 (26.98%) 1.74 (1.34–2.25)  < 0.001
 Dyspnea (NYHA class ≥ 2) 695 379 (71.92%) 131 (77.98%) 1.38 (0.92–2.09) 0.123

Skin involvement 1846
 SSc sine scleroderma 210 (14.52%) 19 (4.75%) Reference
 lcSSc 1001 (69.23%) 251 (62.75%) 2.77 (1.70–4.52)  < 0.001
 dcSSc 235 (16.25%) 130 (32.5%) 6.11 (3.65–10.24)  < 0.001

Raynaud phenomenon 1870 1452 (99.18%) 404 (99.51%) 1.67 (0.37–7.49) 0.503
Puffy fingers 1868 792 (54.1%) 163 (40.35%) 0.57 (0.46–0.72)  < 0.001
mRSS 1871 5.57 (6.42) 8.73 (7.76) 3.43 (2.53–4.66)  < 0.001
Sclerodactyly 1733 960 (65.57%) 353 (86.73%) 1.06 (1.04–1.08)  < 0.001
Digital pitting scar 1867 571 (38.95%) 335 (82.31%) 9.12 (6.85–12.16)  < 0.001
Gangrene 1867 4 (0.27%) 14 (3.47%) 13.14 (4.30–40.13)  < 0.001
Osteomyelitis 1866 3 (0.21%) 9 (2.23%) 11.12 (3.00–41.26)  < 0.001
Teleangiectasis 1870 889 (60.64%) 275 (67.57%) 1.40 (1.11–1.76) 0.005
Calcinosis 1866 132 (9.03%) 87 (21.53%) 2.77 (2.05–3.72)  < 0.001
Muscle weakness 1867 179 (12.24%) 88 (21.78%) 2.00 (1.50–2.65)  < 0.001
Arthritis 1858 144 (9.89%) 65 (16.17%) 1.76 (1.28–2.41)  < 0.001
Tendon friction rubs 1868 94 (6.42%) 62 (15.38%) 2.65 (1.88–3.73)  < 0.001
SRC 1868 15 (1.02%) 7 (1.73%) 1.70 (0.69–4.21) 0.248
PAH 47 22 (62.86%) 9 (75%) 1.77 (0.41–7.75) 0.447
ILD 1873 1110 (75.72%) 315 (77.4%) 1.10 (0.85–1.43) 0.4824
DLCO 1341 70.44 (20.1) 63.15 (20.72) 0.98 (0.98–0.99)  < 0.001
FVC 1410 103 (22.27) 95.01 (23.02) 0.98 (0.98–0.99)  < 0.001
Videocapillaroscopy

 NVC Normal 1828 325 (22.68%) 40 (10.13%) Reference 0.23
 NVC Scleroderma Pattern Early 1828 649 (45.29%) 148 (37.47%) 0.67 (0.35–1.29) 0.484
 NVC Scleroderma Pattern Active 1828 278 (19.4%) 156 (39.49%) 1.24 (0.68–2.25)  < 0.001
 NVC Scleroderma Pattern Late 1828 105 (7.33%) 37 (9.37%) 3.05 (1.67–5.57) 0.062
 Megacapillariesi 1873 947 (64.6%) 228 (56.02%) 0.70 (0.56–0.87) 0.002
 Microhemorrhages 1873 589 (40.18%) 144 (35.38%) 0.82 (0.65–1.02) 0.08
 Avascular areas 1873 350 (23.87%) 169 (41.52%) 2.26 (1.80–2.85)  < 0.001
 Neoangiogenesis 1873 241 (16.44%) 87 (21.38%) 1.38 (1.05–1.82) 0.021
 revEUSTAR-AI 1126 1.34 (0.82) 3.39 (1.41) 5.24 (4.27–6.44)  < 0.001
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revealed important information regarding the use of intrave-
nously (IV) applied prostanoids such as iloprost that, in our 
cohort, is present in over 70% of patients. This data is quite 
in contrast with previous data from other centers. Moinzadeh 
et al., for example, reported that in SSc patients from Ger-
man Network for SSc registry, only 21% of patients were 
treated with IV prostanoids [40]. These data suggest that, 
worldwide, many patients with SSc with signs of periph-
eral vasculopathy do not yet receive sufficient vasoactive 
treatment, but it must be considered that in some countries 
(such as in North America), this treatment is not approved. 
Moreover, in our study, both previous and ongoing vasodila-
tor drugs, mainly intravenous iloprost, were associated with 
the presence of DU at univariate analysis. This observation 
suggests that vasoactive treatments may usefully affect the 
SSc vascular complications, but they may not be sufficient to 
prevent DU development. This is consistent with literature 
indicating that a substantial percentage of patients with DU 
continue to experience recurrent episodes despite optimal 
medical therapy [4, 10]. Anyway, this association was not 
confirmed at the multivariate analysis. In contrast, in mul-
tivariate analysis previous IV vasodilating therapy remains 
significantly associated with DU, suggesting a possible role 
in preventing the DU onset through the reduction of vascular 
impairment. Noteworthy, previous immunosuppressive treat-
ments emerged as protective factors for the presence of DU 

at multivariate analysis. This finding could indirectly support 
the notion that immune-mediated inflammation could con-
tribute to the pathogenesis of vasculopathic DU. Overall, a 
possible preventive role of both vasoactive and immunosup-
pressive treatments on the development of SSc-DU seems 
to be highlighted at least in part by the significant reduction 
of DU prevalence recently observed in older SSc patients’ 
populations (from 54 to 16.5%) [28]. The knowledge of SSc 
pathogenesis has significantly advanced in the last three dec-
ades, along with improved outcome and the introduction of 
novel pathogenetic treatments, often at the early stages of 
the disease, as well as to improved diagnostic tools, allow 
to observe individuals with milder clinical variants [28]. 
Conversely, we found no significant association between 
DU and the incidence of PAH or SRC, probably due to the 
low number of patients with these manifestations in our 
SPRING cohort. This finding aligns with some studies that 
have also failed to demonstrate a direct association between 
these complications and DU [5]. Despite the robustness of 
our findings, several limitations must be acknowledged. The 
retrospective design may introduce biases related to data 
collection and patient selection. The reliance on registry 
data means that not all clinical variables were uniformly 
captured, which could affect the comprehensiveness of our 
analysis. Moreover, the cross-sectional nature of the study 
limits our ability to draw causal inferences.

Table 2   (continued)

Parameters Patients, n DU −  DU +  OR (95% CI) p value

Comorbidity
 Arterial hypertension 1873 366 (24.97%) 83 (20.39%) 0.77 (0.59–1.01) 0.056
 Diabetes mellitus 1873 46 (3.14%) 10 (2.46%) 0.78 (0.39–1.55) 0.477
 Complicated diabetes mellitus 1873 5 (0.34%) 0 (0%) nc nc
 Dyslipidemia 1873 181 (12.35%) 27 (6.63%) 0.50 (0.33–0.77) 0.001
 Peripheral vascular disease 1873 75 (5.12%) 28 (6.88%) 1.37 (0.87–2.15) 0.169

Ongoing therapy
 Corticosteroids 1034 452 (57.07%) 152 (62.81%) 0.92 (0.63–1.37) 0.695
 Vasodilator or vasoactive treatment (≥ 1) 1873 331 (22.58%) 112 (27.52%) 1.30 (1.01–1.67) 0.038
 Platelet aggregation inhibitors/oral anticoagulant 1873 54 (3.68%) 22 (5.41%) 1.49 (0.90–2.48) 0.122
 Immunosuppressive treatment (≥ 1) 1873 194 (13.23%) 83 (20.39%) 1.68 (1.26–2.23)  < 0.001

Past therapy
 Corticosteroids 1034 121 (15.28%) 44 (18.18%) 1.09 (0.73–1.59) 0.695
 Vasodilator or vasoactive treatment (≥ 1) 1873 1146 (78.17%) 366 (89.93%) 2.49 (1.76–3.52)  < 0.001
 Platelet aggregation inhibitors/oral anticoagulant 1873 663 (45.23%) 211 (51.84%) 1.30 (1.05–1.62) 0.018
 Immunosuppressive treatment (≥ 1) 1873 392 (26.74%) 114 (28.01%) 1.07 (0.83–1.36) 0.61

Legend: SD, standard deviation; BMI, body mass index; RP, Raynaud’s phenomenon; ATA​, anti-Scl-70 antibodies; ARA​, anti-RNA polymerase 
III antibodies; CENP-1, anti-centromere antibodies; NYHA, New York Heart Association; SSc, systemic sclerosis; SSc sine scleroderma, no skin 
involvement; lcSSc, limited skin involvement; dcSSc, diffuse skin involvement; mRSS, modified Rodnan Skin Score; DPS, digital pitting scar; 
DU, digital ulcers; SRC, scleroderma renal crisis; NVC, nailfold videocapillaroscopy; TFR, tendon friction rubs; PAH, pulmonary arterial hyper-
tension; ILD, interstitial lung disease; DLCO, diffusing capacity of lung for carbon monoxide; DLCO/VA, diffusing capacity of lung for carbon 
monoxide divided by alveolar volume; FVC, forced vital capacity; revEUSTAR-AI, revised EUSTAR activity index. In bold type, the statistically 
significant associations (p < 0.05)
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In conclusion, our data underlines some important 
associations between the presence of DU and other scle-
roderma clinic-serological features, as well as the preven-
tive role of previous immunosuppressive treatments on DU 
development. In the near future, in-depth multicentric-lon-
gitudinal studies may better clarify the role of preventive/
therapeutic options for DU SSc manifestations.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10067-​025-​07449-1.
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Fig. 1   Differences in disease burden between SSc phenotypes. 
This spider plot illustrates the comparison of SSc phenotypes based 
on clinical features identified as significant in multivariate analysis. 
These features include mRSS, puffy fingers, ATA positivity, calci-
nosis, revEUSTAR-AI, and previous immunosuppressive treatment. 
Phenotypes and key insights: 1. Clinical features + DU (yellow 
area): This phenotype shows the highest intensity across most fea-
tures, such as calcinosis, revEUSTAR-AI, and mRSS. Represents 
the most severe clinical phenotype, combining DU with systemic 

involvement. 2. Clinical features without DU (orange area): Moder-
ate intensity in features like ATA positivity and puffy fingers. Indi-
cates a milder systemic phenotype without DU. 3. No clinical fea-
tures + DU (red area): Low intensity across all features but retains 
some involvement in features like revEUSTAR-AI. Suggests isolated 
vascular complications leading to DU without significant systemic 
manifestations. 4. No clinical features without DU (pink area): Min-
imal involvement in all features, representing the mildest phenotype 
with neither DU nor significant systemic disease
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