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Abstract
This study aimed at analysing the causes and predictors of acute hospitalization and mortality in a cohort of SSc. Retrospec-
tive analysis of all acute hospital admissions of SSc patients fulfilling the 2013 EULAR/ACR Classification Criteria, from a 
single-centre cohort of 95 patients, between 2010 and 2020. The total number of SSc patients registered in our hospital, in this 
period, was 123. Clinical data were collected from medical files of our institution and from the National Healthcare Registry 
platform. 53 patients needed acute hospitalization, in a total of 164 admissions. The most frequent causes for admission were: 
infectious diseases [27%; 70% due to pneumoniae, of which 74% had SSc-associated interstitial lung disease (ILD)], cardiac 
disease (16.5%), peripheral vascular disease [12.8%; all due to digital ulcers], pulmonary hypertension (PH) (9.8%) and ILD 
(9.1%). There was an increase in admissions due to cardiac disease over the 10 years of follow-up, and a decrease of ILD over 
the last 5 years. Fourteen patients died (in-hospital mortality of 9%) mainly due to pneumoniae (36%), heart failure (21%), 
neoplastic diseases (21%), PH (14%) and ILD (7%). From all the admissions due to infection 70.5% were under immunosup-
pression at the time of the hospitalization. The frequency of acute admissions superior to 1 was associated with infection 
(OR 2.29, 95%CI 1.11–4.71). There were several factors associated with both acute admissions and mortality, including: 
gender, race, digital ulcers, cardiac dysfunction, ILD and PH. Infection was the principal cause of acute hospitalization and 
mortality, mainly due to pneumoniae. Although a high percentage of those had ILD, it has been decreasing in the last years 
in our cohort, as a direct cause of hospital admission and mortality, possibly reflecting the advances in its management.
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Introduction

Systemic sclerosis (SSc) is associated with significantly high 
morbidity and mortality rates.

Most studies in SSc have analyzed disease complications 
and survival in outpatient cohorts [1–3]. There are very few 
reports [4–6] evaluating acute hospitalization patterns of SSc 
cohorts, other than in intensive care units [7, 8], or related to 
specific complications of SSc, namely pulmonary hyperten-
sion and interstitial lung disease [9, 10]. Moreover, most of 
these studies are from more than a decade ago [11–14], and 
as such, they do not reflect the impact on survival of SSc 
patients of recent advances in the management and treatment 
of different aspects of this disease [15].

Our aim was to analyze the causes and predictors of acute 
hospitalizations and inpatient mortality, in a cohort of SSc 
patients.
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Methods

We performed a retrospective review of all the 95 patients 
with SSc fulfilling the 2013 EULAR/ACR Classification 
Criteria followed in our Unit between January 2011 and 
December 2020. The total number of SSc patients regis-
tered in our hospital, in this time-period, was 123. Only 
acute admissions, i.e. hospitalizations due to unexpected 
conditions needing of urgent treatment, were considered. 
Our Unit has a specific clinic for SSc patients, integrated 
in an Internal Medicine department with a dedicated ward 
and direct access to the emergency department and inten-
sive care unit. All acute hospitalizations were considered, 
even if they occurred outside our institution. Patient’s 
records due to elective admissions (programmed treat-
ment administration, or needing of a specific complemen-
tary diagnostic test, for example) were excluded from this 
analysis.

Clinical data were collected from the patients’ medical 
files of our Unit and from the National Healthcare Registry 
Platform.

The patients’ characteristics analyzed were as follow-
ing: age at SSc diagnosis, gender, race, duration of SSc 
(from the first non-Raynaud’s phenomenon symptom)), 
skin disease subtype, autoantibodies, prevalence of 
Raynaud’s phenomenon and organ involvement, includ-
ing digital ulcers (DU), calcinosis, musculoskeletal symp-
toms, gastrointestinal involvement, interstitial lung disease 
(ILD), pulmonary hypertension (PH), cardiac involvement 
[left ventricular (LV) systolic and diastolic dysfunction 
and right ventricular (RV) dysfunction based on the last 
transthoracic echocardiogram available] and SSc-associ-
ated renal crisis. Immunosuppressive therapy, comorbidi-
ties, death, and cause of death were also reviewed.

For patients who add at least one acute hospital admis-
sion further variables were collected was as following: age 
at the first admission, duration of SSc at first admission, 
cause of hospitalization, number of acute admissions for 
each patient, length of stay of each admission and type of 
department where the patients were admitted.

This study was performed in accordance with the ethi-
cal standards of our institutional research ethics commit-
tee and with the 1964 Helsinki declaration and its later 
amendments.

Statistical analysis

Categorical data were presented as counts and percent-
ages. Between-group comparisons of baseline covariates 
were performed with the Chi square test or Fisher exact 
test, as appropriate. Normality of the continuous data was 

tested with Kolmogorov–Smirnov test. The skewed dis-
tributions were described with medians and interquartile 
ranges (IQR) and were compared with the use of the Wil-
coxon rank-sum test and Kruskal–Wallis test. Normal dis-
tributions were described with means and standard devia-
tions and were compared with the use of student’s t test. 
The two-sided alpha level was set at 0.05.

Since patients could have more than one admission, we 
assessed the effect of time until discharge (length of stay) 
longitudinally with multivariable generalized estimating 
equations to logistic regression analysis with repeated meas-
ures. This allowed for analysis with multiple admissions per 
patient correcting for the characteristics of a single individ-
ual over time. We used multivariable logistic and regression 
models for the primary analysis to determine possible asso-
ciations with the development of hospital admission, and 
infection and mortality during the hospital stay. Variables 
were entered into the models when the alpha level of the 
risk factor was less than 0.10 in univariable analysis and if 
they were clinically relevant. Odds ratio (OR) and 95% con-
fidence interval (CI) were calculated. We evaluated mortality 
in our cohort with a survival analysis using Cox proportional 
hazard regression models for univariable and multivariable 
analysis and to determine the hazard ratios (HR) and 95%CI. 
The proportional hazard assumption was evaluated by plot-
ting Schoenfeld residuals as a function of time. Furthermore, 
we tested the assumption of proportionality by using gener-
alised linear regression of the scaled Schoenfeld residuals 
on functions of time to test for a non-zero slope.

Prediction models for multivariable analysis were devel-
oped with a stepwise selection. Variables entered the models 
when the alpha level of the risk factor was less than 0.10 
in univariable analysis and if they were clinically relevant. 
Odds ratio (OR) and 95% confidence interval (CI) were 
calculated.

Analyses were conducted using STATA software, version 
14.0  (StataCorp®).

Results

Of the 95 patients included in this cohort analysis, 53 (56%) 
patients needed acute hospitalization in a total number of 
164 admissions. Most of the admissions were in a medi-
cal department (73.2%), and during the stay, 6.8% needed 
admission in the ICU (Table 1).

The most frequent causes were infectious diseases in 27% 
(70% of them were pneumoniae), cardiac diseases in 16.5% 
(heart failure in 55.6%), peripheral vascular disease in 12.8% 
(all due to DU and Raynaud’s phenomenon, needing intra-
venous iloprost) and pulmonary hypertension in 9.8%. Lung 
disease was also a recurrent cause of admission (9.1%), in 
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patients with a progressive (previously established or newly 
diagnosed) ILD without undercurrent infection.

In the first 5 years of follow-up, the total number of hos-
pitalizations increased, pairing with an increase in cardiac 
and infectious diseases as the main reasons for admission 
(Fig. 1A, B), whilst ILD as a direct cause of hospitalization 
decreased in the last five years (2016–2020).

Comparing with the non-hospitalized SSc patients 
(Table 2), hospitalized patients had more diffuse cutane-
ous disease (p = 0.03) were more frequently positive for 
anti-scl70 antibodies (p = 0.05), had more digital ulcers 
(p = 0.02), ILD (p = 0.01), PH (p = 0.03) and cardiac dys-
function (both of left and right ventricles, p = 0.02 and 
p = 0.03, respectively).

In multivariable analysis (Table 3), only digital ulcers 
(OR 6.29, 95% CI 1.6–24.8, p < 0.01) and diastolic LV dys-
function (OR 7.34, 95%CI 1.6–33.6, p = 0.01) were associ-
ated with the need for acute hospital admission. Further-
more, in this analysis, female (OR 0.1, 95%CI 0.01–0.71, 

p = 0.02) and caucasian patients (OR 0.06, 95%CI 
0.004–0.95, p = 0.05) had lower odds of hospitalization, as 
well as patients treated with methotrexate (OR 0.09 95%CI 
0.02–0.5, p < 0.01).

In‑hospital mortality

All the deaths in our cohort were from the group of patients 
that had to be hospitalized at any point of the follow up 
(n = 14, Table 2) and all of them occurred during the hospital 
stay (in-hospital mortality of 9%). The causes of death were: 
pneumoniae (36%), heart failure (21%), neoplastic diseases 
(21%), pulmonary hypertension (14%) and progression of 
ILD (7%). Five of these deaths were in the ICU.

In univariable analysis (data not showed), we identified 
some potential characteristics with statistical significance 
forpredictors of mortality: older age (p = 0.03), diffuse 
cutaneous subtype (p = 0.02), positive anti-scl70 antibodies 
(p = 0.01), presence of calcinosis (p = 0.007), right ventricle 
dysfunction (p = 0.003), ILD (p = 0.02) and PH (p = 0.003). 
A higher number of hospital admissions (p = 0.01) and 
at least one admission due to infection (p = 0.03) were 
also associated with a higher mortality. Immunosuppres-
sion, regardless of the type of treatment, did not associ-
ate with mortality (p = 0.14). female gender (HR = 0.15; 
95%CI: 0.04–0.49); age at diagnosis of SSc (HR 1.07; 
95%CI: 1.02–1.11), duration of disease (HR 0.88, 95%CI: 
0.81–0.97); positive anti-scl70 antibodies (ATA) (HR = 4.29; 
95%CI: 1.43–12.91), ILD (HR = 5.02; 95%CI: 1.37–18.46), 
PH (HR = 3.77; 95%CI: 1.20–11.84) and right ventricle dys-
function (HR = 5.36; 95%CI: 1.75–16.40). Immunosuppres-
sion, regardless of the type of treatment, did not associate 
with mortality (p = 0.20).

In the multivariable analysis, using a stepwise selec-
tion model, female gender (HR = 0.21, 95%CI: 0.05–0.91), 
duration of disease (HR = 0.80; 95%CI: 0.70–0.92) and right 
ventricle dysfunction (HR = 5.04; 95%CI: 1.36–18.62) had 
statistical significance for death from any cause (Table 4.).

In multivariable analysis however, none of the variables 
studied were associated with mortality (Table 3).

Infection as one of the most frequent causes 
of acute admission and mortality

The number of acute admissions due to infection was 44 
(27% of the total number of hospitalizations), and its fre-
quency increased throughout the years of follow-up. Of these 
infections, the most frequent was pneumoniae in 31 admis-
sions, of which 74% had SSc-associated ILD. RGE was not 
more frequent in patients admitted for pneumoniae compar-
ing with patients admitted for other causes (p = 0.54). The 
most common pathogens identified in patients with pneumo-
niae, were Streptococcus pneumoniae (n = 3), Haemophilus 

Table 1  Number of admissions, length of stay, mortality and causes 
of hospitalization

ICU intensive care unit; SD standard deviation; SSc systemic sclerosis
*variables expressed as number (n) and percentage (%), unless other-
wise explained

Variable* Hospital-
ized SSc 
N = 53

Total number of admissions 164
Number of admissions/Patient, n (SD) 3.1 (2.8)
Length of stay, days, mean (SD) 10.8 (12.7)
In-Hospital mortality 14 (9)
Hospital department of admission
 Medical department 120 (73.2)
 Surgical department 7 (4.3)
 Emergency department 37 (22.6)
 Need of ICU admission 11 (6.8)

Principal cause for hospitalization
 Infectious diseases 44 (27.0)

Cardiac diseases 27 (16.5)
 Peripheral vascular diseases 21 (12.8)
 Pulmonary Hypertension 16 (9.8)
 Lung diseases 15 (9.1)
 Hematologic diseases 8 (4.9)
 Gastrointestinal diseases 8 (4.9)
 Musculoskeletal diseases 6 (3.7)
 Kidney diseases 5 (3.0)
 Surgical diseases 4 (2.4)
 Neoplastic diseases 3 (1.8)
 Obstetric diseases 3 (1.8)
 Neurologic diseases 2 (1.2)
 Psychiatric diseases 2 (1.2)
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influenza (n = 3), Pseudomonas aeruginosa (n = 2) and 
methicillin-sensitive Staphylococcus aureus (n = 1).

Less common infections were pyelonephritis (7 admis-
sions) and acute gastroenteritis (4 admissions). In these 
infections, the pathogens identified were, pyelonephritis: 
Escherichia coli (n = 4), Enterococcus faecalis (n = 2), Pseu-
domonas aeruginosa (n = 1); acute gastroenteritis: Campy-
lobacter jejuni (n = 2).

From all these 44 admissions due to infectious diseases, 
in 31 (70.5%) the patients were under immunosuppression at 
the time of the hospitalization. Five cases needed ICU stay, 
all due to pneumoniae.

Vaccination status was reviewed in all the patients admit-
ted due to infectious diseases. All had updated immunization 
accordingly to the national immunization schedule. Consid-
ering the admissions due to pneumoniae, 26 had the influ-
enza vaccine and 13 had the pneumococcal polysaccharide 
vaccine (PPSV23).

In univariable analysis, baseline patients’ characteris-
tics that were associated with infection were: diffuse cuta-
neous subtype (p = 0.010), positive anti-scl70 antibodies 
(p = 0.014), calcinosis (p = 0.02), right ventricle dysfunc-
tion (p = 0.036), ILD (p = 0.008), and MMF treatment 
(p = 0.009). However, in multivariable analysis (Table 3) 
none of these characteristics remained statistically signifi-
cant, except the number of acute hospital admissions > 1 
(OR 2.29, 95%CI 1.11–4.71, p = 0.02).

Discussion

In this study we analyzed our cohort of SSc patients regard-
ing acute hospital admission patterns. The clinical charac-
teristics more frequently associated with hospitalization 
were a positive anti-scl70 antibody, diffuse cutaneous sub-
type, presence of DU, ILD, PH and cardiac involvement. 

Fig. 1  (A) Yearly number of 
acute admissions and propor-
tion of hospitalized patients; 
(B) Yearly evolution of the 4th 
most frequent causes of acute 
hospital admissions
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Table 2  Baseline characteristics of the cohort

ACA  anticentromere antibodies; ANA antinuclear antibodies; ARA  anti-RNA polymerase III antibodies; ATA  anti-scl70 antibodies; CI confidence 
interval; CYC  cyclophosphamide; GAVE gastric antral vascular ectasia; ILD interstitial lung disease; LV left ventricle; MTX methotrexate; MMF 
mycophenolate mofetil; OR odds ratio; PH pulmonary hypertension; RV right ventricle; RTX rituximab; SD standard deviation; SRC systemic 
sclerosis renal crisis; SSc systemic sclerosis; TCZ tocilizumab
*variables expressed as number (n) and percentage (%), unless otherwise explained
1 Lung disease not related to SSc, including asthma, sleep apnoea, chronic obstructive pulmonary disease and chest wall deformities with restric-
tive syndrome

Variable* Hospitalized SSc 
N = 53

Non-Hospitalized 
SSc N = 42

OR CI p

Female 43 (81.1) 39 (92.9) 0.33 0.08–1.29 0.1
Caucasian 46 (86.8) 41 (97.6) 0.16 0.02–1.31 0.06
Age at SSc diagnosis, mean (SD) 52.9 (16.5) 50.7 (15.6) 1.01 0.98–1.03 0.51
Duration of SSc, mean (SD) 9.8 (6.8) 8.3 (6.8) 1.04 0.97–1.10 0.29
Age at 1st admission, years, mean (SD) 58.6 (15.8) – – – –
Duration of SSc at  1st admission, years, mean (SD) 5.7 (6.8) – – – –
Skin disease subtype 0.03
 Diffuse 24 (45.3) 10 (23.8) 2.4 1.14–5.02
 Limited 29 (54.7) 32 (76.2) 0.91 0.55–1.50
 ANA 53 (100) 42 (100) – – –
 ACA 17 (32.7) 20 (47.6) 0.53 0.21–1.34 0.14
 ATA 13 (25.0) 4 (9.5) 3.17 0.87–14.37 0.05
 ARA 7 (13.5) 7 (16.7) 0.78 0.21–2.88 0.66

Raynaud’s Phenomenon 53 (100) 39 (92.9) 1.36 0.90–1.36 0.05
Digital Ulcers 22 (41.5) 8 (19.0) 3.02 1.08–8.93 0.02
Calcinosis 10 (18.9) 4 (9.5) 2.21 0.57–10.38 0.2
Arthritis 38 (71.4) 30 (71.4) 1.01 0.37–2.72 0.97
Myositis 11 (20.8) 4 (9.5) 2.49 0.66–11.52 0.14
Esophageal Reflux 41 (77.4) 27 (64.3) 1.9 0.70–5.17 0.16
GAVE 2 (3.8) 2 (4.8) 0.78 0.05–11.29 0.81
Bowel Involvement 12 (22.6) 4 (9.5) 2.78 0.75–12.73 0.09
ILD 28 (52.8) 8 (19.0) 4.76 1.72–13.99 0.01
PH 9 (17.0) 1 (2.3) 7.95 1.00–357.53 0.03
Systolic dysfunction of LV 7 (13.5) 0 (0) 1.15 0.75–1.77 0.02
Diastolic dysfunction of LV 21 (40.4) 6 (15.4) 3.73 1.23–12.64 0.01
RV dysfunction 9 (17.0) 1 (2.3) 7.95 1.00–357-53 0.03
SRC 1 (2.0) 1 (2.3) 0.79 0.01–63.38 0.87
Comorbidities:
 Arterial Hypertension 22 (41.5) 14 (33.3) 1.42 0.56–3.61 0.41
 Diabetes 9 (17.0) 3 (7.1) 2.66 0.60–16.19 0.22
 Lung  disease1 5 (9.4) 6 (14.3) 0.63 0.14–2.69 0.53
 Depression 10 (18.9) 7 (16.7) 1.16 0.36–3.99 0.9
 Neoplasia 3 (5.7) 4 (9.5) 0.57 0.08–3.61 0.7

Immunosuppression 29 (54.7) 27 (64.3) 0.67 0.27–1.67 0.35
 MTX 8 (15.1) 18 (42.9) 0.24 0.08–0.68  < 0.01
 MMF 18 (34.0) 8 (19.0) 2.19 0.77–6.58 0.1
 CYC 6 (11.3) 2 (4.8) 2.55 0.42–26.99 0.25
 TCZ 7 (13.2) 2 (4.8) 3.04 0.53–31.33 0.16
 RTX 3 (5.7) 0 (0) 1.19 0.79–1.79 0.25
 Death 14 (26.4) 0 (0) 31.2 1.80–540.65  < 0.01
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However, causes of acute admission changed over time, and 
are different from those reported in studies prior to 2010. In 
our cohort there was a higher percentage of hospitalizations 
due to infection (27%) and cardiac disease (16.5%), and not 
ILD as reported in other studies [13, 14, 16]. Tables 4, 5 
summarizes published studies on hospitalization of patients 
with systemic sclerosis.

Piga M. et al. [14] performed an annual trend analysis 
showing a statistically significant increase in the percentage 
of ILD (p < 0.0001), PAH (p < 0.0024), digital ulcers, and 
gangrene (p = 0.0037), between the years of 2001–2012. In 
a study by Shenavandeh S. et al. [16] including 181 patients 
and 446 admissions, comprising a total of 13  years of 

follow-up (1999–2012), the most common causes of hos-
pitalization were DU in 39.7%, and interstitial lung disease 
and PH in 21.1%. Additionally, ILD and PH were the most 
frequent causes of mortality in 33.3% of the cohort. In fact, 
other studies have also reported ILD as one of the main pre-
dictors of mortality in hospitalized patients with systemic 
sclerosis. Nietert PJ et al. in 2001, reported ILD as a predic-
tor of in-hospital death, with an odds ratio of 2.67; 95%CI 
1.73–4.12. In the study of Chung L et al. [13], published in 
2007, ILD increased the odds of in-hospital mortality by 
2.63; 95% CI 1.98–3.49.

Data from our cohort shows that ILD, although being 
still a frequent cause of acute hospitalization, has been 
decreasing over the last 5 years. This can be the result of a 
more effective treatment approach following the results of 
clinical trials such as the Scleroderma Lung Study II [17] 
and SENSCIS [18], as well as due to an earlier recognition 
of lung involvement in these patients [15]. As presented in 
Fig. 1A the total number of patients in our cohort increased 
throughout the years of this analysis. We acknowledge that 
this increased number might have led to an increased aware-
ness, and to an early identification of SSc cases, with lower 
prevalence of ILD. Nevertheless, our cohort has a similar 
frequency of organ involvement, namely of interstitial lung 
disease, as the one reported in other studies. In EUSTAR 

Table 3  Predictors of acute 
hospitalization, mortality and 
infection (multivariable logistic 
regression analysis)

ACA  anticentromere antibodies; AHT arterial hypertension; ATA  anti-scl70 antibodies; CI confidence inter-
val; ILD interstitial lung disease; LV left ventricle; MTX methotrexate; MMF mycophenolate mofetil; Nr 
number; OR odds ratio; PH pulmonary hypertension; RV right ventricle; SSc systemic sclerosis

Variable Acute hospitalization Infection

OR CI p OR CI p

Female 0.10 0.01–0.71 0.02 0.07 0.04–1.03 0.05
Caucasian 0.06 0.004–0.95 0.05 67.35 0.48–9490.3 0.06
Age at Admission – – – 1.10 0.90–1.34 0.35
Age at SSc diagnosis – – – 0.99 0.81–1.20 0.91
Diffuse skin subtype 2.16 0.78–8.17 0.25 0.38 0.03–4.53 0.44
ATA 0.82 0.1–4.5 0.82 – – –
ACA – – – 0.04 0.01–1.08 0.06
Digital Ulcers 6.29 1.6–24.8  < 0.01 – – –
Calcinosis – – – 1.56 0.04–54.94 0.81
Bowel Involvement 1.80 0.3–10.3 0.51 – – –
ILD 1.84 0.5–7.2 0.38 1.00 0.07–24.78 1.00
PH 1.80 0.3–198.8 0.23 – – –
Systolic dysfunction of LV – – – – – –
Diastolic dysfunction of LV 7.34 1.6–33.6 0.01 – – –
RV dysfunction 0.49 0.2–13.5 0.68 6,94 0.49–98.19 0.15
AHT – – – 6.29 0.47–84.00 0.16
Treatment with MMF – – – 1.75 0.05–60,97 0.76
Treatment with MTX 0.09 0.02–0.5  < 0.01 – – –
Nr admissions (> 1) – – – 2.29 1.11–4.71 0.02
Nr Infection (≥ 1) – – – – – –

Table 4  Survival analysis (Cox proportional hazard model, multivari-
able analysis)

CI confidence interval, HR hazard ratio, RV right ventricule; SSc sys-
temic sclerosis

Variable HR CI p

Female 0.21 0.05–0.91 0.037
Duration of SSc 0.80 0.70–0.92 0.002
Age at admission 1.07 1.01–1.12 0.017
RV dysfunction 5.04 1.36–18.62 0.015
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cohort [19] the prevalence of lung fibrosis on HRCT was 
51.9%, while in our hospitalized patients it was 52.8%.

Infection was the leading cause for hospitalization and 
mortality in our patients, which is in line with a recent report 
of Poudel DR et al. reporting from a National Inpatient Sam-
ple database from the USA, regarding data from 2012 and 
2013. Infections in this study were the most common diag-
nosis among SSc hospitalizations (17.4%), and as cause of 
mortality (32.7%). The rate of hospitalization due to infec-
tion in the other studies described in Table 5(4), with data 
collection prior to 2012, was low, ranging from 5.5% for 
respiratory infection and 2.13% for systemic infection in the 
study by Chung L et al. [13] and 4.4% for total infections in 
the study of Piga M et al. [14].

We can hypothesize that the crescent use of immunosup-
pression can lead to higher rates of infection. In our cohort, 
univariable analysis showed that MMF treatment was asso-
ciated with infection, although this was not confirmed in 
multivariable analysis. It is possible that this data reflect 
more the severity of hospitalized SSc patients, with more 
organ involvement, especially ILD, since in our treatment 
protocol we use MMF in almost all patients with lung fibro-
sis. Poudel DR et al. also reported that aspiration mecha-
nisms were strongly associated with in-hospital mortality 
(OR = 3.5, 95% CI: 2.5–4.9). Similarly, Sehra et al. reported 
that aspiration events were associated with higher inpatient 
mortality (OR 30, 95%CI 3.58–250.80). In our work, due 
to the retrospective analysis, it was not possible to identify 
the true prevalence of aspiration. Nonetheless, esophageal 
reflux was not more frequent in patients who were hospital-
ized due to pneumoniae and was not related with in-hospital 
mortality. Another factor that may contribute to infection 
and mortality, is the higher number of hospitalizations, prob-
ably due to the increased exposure of patients to nosocomial 
infection agents. In our multivariable analysis a higher num-
ber of admissions increased the odds of infection by 2.29; 
95% CI 1.11–4.71, while in a study by Nietert PJ et al. [12] 
more than 1 prior hospitalization was predictor of mortality 
(odds ratio 2.28; 95%CI 1.29–4.03).

Given the importance of infection for hospitalization in 
our cohort, a curious finding was that immunosuppression 
with methotrexate was associated with a lower odd of hospi-
talization (OR 0.09; 95% CI 0.02–0.5). This fact similarly to 
the findings of MMF, might reflect more a bias related to our 
treatment protocol, as MTX is used only for patients with 
arthritis or cutaneous involvement, excluding those with 
internal organ involvement such as cardiac disease or ILD.

Our results also highlight the impact of cardiac dysfunc-
tion and pulmonary hypertension, which were some of the 
most frequent causes of hospitalization and of inpatient mor-
tality. In univariable analysis cardiac dysfunction (systolic 
and diastolic dysfunction of the left ventricle) were asso-
ciated with hospitalizations, although this only remained 

relevant in multivariable analysis for diastolic dysfunction 
(OR 7.34; 95%CI 1.6–33.6). Although they do not differenti-
ate between systolic or diastolic dysfunction, this is a univer-
sal finding in all the studies published on hospitalization of 
SSc patients [11–14, 16], in line with the current perception 
that primary cardiac involvement is often misdiagnosed, 
and that effective screening and treatment orientations are 
needed [20]. The prevalence of diastolic disfunction in SSc 
has been increasingly recognized, and associates with an 
increase mortality exceeding pulmonary hypertension in 
some cohorts [21, 22]. In a study from Hinchcliff M et al. 
LV diastolic dysfunction was present in 23% of the SSc 
patients (total of 153 SSc patients), and it associated with 
mortality with hazard ratio (HR) of 3.2 (95% CI 1.1–9.5). 
Furthermore, in the Oslo SSc cohort [22], diastolic dysfunc-
tion was also prevalent in 17% (46 of 275 SSc patients), and 
it exceeded pulmonary hypertension in predicting mortality 
(HR 3.7; 95%CI 1.69–8.14 for diastolic dysfunction vs. HR 
2.0; 95%CI 1.1–3.9 for PH).

Right ventricle dysfunction was also identified in our 
cohort as the stroger factor associated with mortality in sur-
vival analysis. Saito M, et al. demonstrated that right ven-
tricule dysfunction was associated with a worse outcome 
(unplanned hospitalization and death) independently of 
incremental of LV dysfunction [23].

Another area of unmet needs in SSc management is the 
treatment and prevention of DU [24]. In a recent analy-
sis from the Australian Scleroderma Cohort Study [25], 
SSc patients with a history of DU were responsible for an 
increased healthcare resources utilization, (including hos-
pitalizations) and a higher associated cost than patients 
without DU. In our study, DU were the third most frequent 
cause of hospital admission (41.5%), and its presence was 
significantly associated with hospitalization in multivariable 
analysis (OR 6.29; 95% CI 16–24.8). DU were the most 
frequent cause of hospitalization reported by Shenavandeh 
S et al. [16] justifying 39.7% of the admissions. Most of the 
other studies published reported a lower prevalence of DU, 
as a cause for hospitalization, varying between 1.43% [13] 
and 4.1% [14]. Some reasons for this difference might be 
the prevalence of background medication such as endothe-
lin-1 antagonists or prostacyclin agonists, which was not 
registered in our study, and it was also not reported in the 
other studies.

Regarding the mechanisms of vasculopathy in SSc and 
the relevant role of environmental exposure, it is important 
to emphasize the reduced number of admissions during the 
year of 2020. One may hypothesize that due to the Sars-
Cov-2 pandemic and the subsequent lockdown, patients were 
less exposed to those factors, especially to cold tempera-
tures, and as such, there were no admissions due to DU or 
infections (probably due to mask use, and less person-to-
person viral transmission).
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Another possible explanation would be the overwhelming 
use of the healthcare system in the context of the COVID 
pandemic resulting in less admissions for the remaining 
patients. We believe that this was not the case as all the 
patients were continuously followed during this period (with 
both telephone and in-patient appointments) and none of 
them effectively needed to be admitted.

Apart from SSc disease-complications and comorbidi-
ties, some demographic characteristics were also identified 
in our multivariable analysis as predictors of hospitaliza-
tion, such as gender and race. In our cohort, female patients 
had a lower odd of hospitalization (odds ratio 0.10; 95%CI 
0.01–0.7), as well as caucasian patients (odds ratio 0.006; 
95%CI 0.004–0.95). Furthermore, in the survival analysis 
of our cohort, female patients had an HR of 0.21; 95%CI 
0.05–0.93., although we could not demonstrate the same 
association with mortality, probably due to the low num-
ber of patients. In fact, both gender and race have been 
identified as associated with hospitalization outcomes. 
Chung L et al. [13] reported an odds ratio of 0.69; 95%CI 
0.52–0.90 for female gender as predictor of in-hospital mor-
tality. Nietert PJ et al. [12] reported that black and other 
non-caucasian races had higher odd of in-hospital mortal-
ity: OR 1.7; 95%CI 1.01–2.86 for black race and OR 2.06; 
95%CI1.04–4.09 for other races.

This study has several limitations. First, the number of 
patients and the number of admissions may have limited sta-
tistical analysis, namely the relevant associations with mor-
tality in multivariable analysis, and of hospitalization with 
cardiac dysfunction. Furthermore, given the retrospective 
design, collection of data relies on registries made, although 
all the data were revised and subject of consistency check. 
Additionally, some acute admissions outside our institution 
might have been missed, despite the accuracy of our elec-
tronic national database.

In conclusion, in our cohort, infection was the principal 
cause of acute hospitalization and of inpatient mortality, 
mainly due to pneumoniae. Although a high percentage of 
those patients had ILD, this disease feature, in our cohort, 
has been decreasing over the last years as a direct cause of 
hospital admission and of mortality, probably reflecting the 
advances in its management. This study also reinforces the 
need of further research in DU and cardiac disease approach 
as those are still one of the main causes of hospitalization 
in SSc.
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