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Abstract
Background: Hormonal changes in menopause might interact with the presentation of 
underlying autoimmune diseases, such as systemic sclerosis (SSc).
Objectives: Our study aimed to evaluate the association of (1) current menopausal status, (2) 
early menopause, and (3) disease onset during fertile or post-menopausal age on SSc clinical 
phenotype in a large SSc cohort from the Italian Systemic sclerosis Progression INvestiGation 
(SPRING-SIR) registry.
Design: Female SSc patients from the SPRING-SIR registry, fulfilling the American College 
of Rheumatology (ACR)/European Alliance of Associations for Rheumatology (EULAR) 2013 
classification criteria, with data on SSc disease onset, menopausal status, and menopausal 
age, were eligible. SSc onset was categorized as pre-menopausal if SSc onset happened 
>1 year before menopause or as post-menopausal onset if it occurred >1 year after 
menopause. An early menopause was defined by a menopausal age <45 years.
Methods: Descriptive statistics and regression models were built to test the association 
between current menopausal status, pre-menopausal disease onset, and early menopause 
with SSc-related features.
Results: At baseline, 1157/1538 (75%) patients were in menopause, 632 (50.4%) had a pre-
menopausal SSc onset, and 130 (14.4%) reported an early menopause. Post-menopausal 
patients had more frequent limited cutaneous SSc, anti-centromere antibody positivity, 
interstitial lung disease, and gastrointestinal manifestations. Pre-menopausal onset cases 
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showed more frequent diffuse cutaneous involvement and peripheral vasculopathy. Patients 
with early menopause had more frequent peripheral vasculopathy and interstitial lung 
disease, being early menopause an independent risk factor for digital ulcers and lower 
diffusing capacity of the lung for carbon monoxide.
Conclusion: Current post-menopausal status and early menopause may impact SSc 
presentation, being associated with vascular and gastrointestinal manifestations. Menopausal 
status and age should therefore be thoroughly addressed, aiming at better disease 
management.

Keywords:  early menopause, menopausal status, menopause, systemic sclerosis
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Introduction
Biological sex has been variably correlated to the 
incidence, severity, and progression of autoim-
mune diseases, such as systemic sclerosis (SSc), 
along with lifestyle, genetic, hormonal, and envi-
ronmental factors.1,2 Sexual hormones exert com-
plex effects on the immune system, although their 
relationship is not completely understood.3 
Menopause represents a time of meaningful hor-
monal change, which might interact with an 
underlying autoimmune disease.4 Despite the 
high prevalence of autoimmune disorders among 
female individuals,5,6 relevant data on the impact 
of menopause on the course of certain autoim-
mune rheumatic diseases are scarce. It has been 
suggested that menopause may affect both the 
onset and the activity of these conditions, acting 
both directly on the disease itself and indirectly 
on the comorbidity burden, likely through altera-
tions in gonadal hormone levels or androgen/
estrogen ratios.4 In SSc, previous data reported 
the disease to be more common in women, 
although men present more severe internal organ 
complications and higher mortality.7–12 Other 
reports concern the investigation of menopause as 
a determinant of osteopenia,13–15 vasculopathy,16 
and specifically pulmonary arterial hypertension 
(PAH).17,18 Despite this preliminary evidence, it 
is not clear whether menopausal age could be 
linked to disease severity. Recent data have shown 
early menopause to be common in patients with 
SSc and related it to the presence of digital ulcers 
(DU).19 Moreover, hormonal therapy in transgen-
der individuals might increase the risk of develop-
ing SSc.20

The study aimed to evaluate (1) the role of cur-
rent menopausal status on SSc clinical features, 

(2) the impact of early menopause on the disease 
clinical presentation, and (3) the effect of disease 
onset during fertile or post-menopausal age on 
the SSc clinical phenotype, investigating the large 
SSc cohort included in the Systemic Sclerosis 
PRogression INvestiGation registry of the Italian 
Society of Rheumatology (SPRING-SIR).

Patients and methods

Study population and data collection
The study was performed on the multicentric, 
national SPRING-SIR registry cohort. Each of 
the 37 participating centers received approval 
from the local Ethical Committee (approval num-
ber OSS 15.010, Comitato Etico Area Vasta 
Centro—Toscana) and all participants provided 
written informed consent.

Eligible patients from the SPRING-SIR registry 
were female patients, aged >18 years, classified 
according to the 2013 American College of 
Rheumatology (ACR)/European Alliance of 
Associations for Rheumatology (ACR/EULAR) 
classification criteria for SSc,21 and with available 
information on the parameter “current postmen-
opausal status.” In addition, available informa-
tion on “age at menopause” and “year of SSc 
onset” was required as inclusion criteria for the 
subsequent analysis (Figure 1).

Baseline information collected in the SPRING-
SIR database included demographic data, clinical 
signs and symptoms of disease, organ involve-
ment, previous and current therapies, as previ-
ously described.22 According to the classification 
of cutaneous involvement proposed by Leroy 
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et al.,23 patients were classified as limited cutane-
ous (lcSSc) or diffuse cutaneous (dcSSc) subsets. 
SSc onset was defined as the appearance of the 
first non-Raynaud’s phenomenon sign or symp-
tom; consequently, disease duration covered the 
time from SSc onset to the inclusion in the regis-
try. In addition, data regarding comorbidities and 
the overall comorbidity burden were also evalu-
ated, the latter using the Charlson comorbidity 
index (CCI).24,25 To reduce the age bias between 
pre- and post-menopausal patients, we used a 
revised version of the CCI, which did not include 
age. The revised EUSTAR activity index 
(revEUSTAR-AI) was calculated to quantify 
SSc-related disease activity.26

Study design
SSc onset was categorized as pre-menopausal if 
the disease first manifested in the fertile age, at 
least 1 year before menopause onset, otherwise as 
post-menopausal if SSc manifested at least 1 year 
after menopause, otherwise as peri-menopausal 
onset. Early menopause was defined as menopau-
sal age <45 years, as previously proposed.27

In line with the different aims of the study, we 
considered three different exposures in our analy-
ses: (1) pre- (vs post) menopause status at base-
line; (2) early (vs regular) menopause; and (3) 

SSc onset before menopause (vs after). Detailed 
patient selection is reported in Figure 1.

All comparisons between exposed and non-
exposed groups were performed, including base-
line data, at the time of enrollment in the 
SPRING-SIR registry. For the first analysis, 
pre- and post-menopausal status were compared 
in terms of prevalence and severity of organ 
involvement, as well as disease activity and 
comorbidity burden. For the second analysis, 
the sole post-menopause patients were consid-
ered, and a comparison between regular versus 
early menopause was performed, focusing on the 
same abovementioned outcomes. Finally, in the 
third part of the analysis, the menopausal status 
at disease onset was considered a risk factor. 
With this additional categorization, we com-
pared pre-menopausal onset and post-menopau-
sal onset groups.

Statistical analysis
Statistical analysis was performed using SPSS ver-
sion 26.0 (IBM, Chicago, IL, USA) software. 
Given the observational nature of the registry, with-
out pre-defined group comparisons and effect size, 
a traditional a priori sample size calculation was not 
performed. All eligible patients were included in 
the analysis to ensure representativeness. In 

Figure 1.  Flow chart of patient selection process.
SPRING-SIR, SSc registry of the Italian Society of Rheumatology; SSc, systemic sclerosis.
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addition, all models tested were based on highly 
prevalent dependent variables, and an appropriate 
number of predictors (on a 1:10 ratio with the out-
comes). Demographic and disease-related features 
were analyzed through descriptive statistics. Results 
were presented as numbers and percentages (of 
available data) for categorical variables, otherwise 
as mean (standard deviation) or median (interquar-
tile range) according to normal or non-normal dis-
tribution. The distribution of categorical and 
continuous variables across groups (pre- vs post-
menopausal status, pre- vs post-menopausal SSc 
onset, and regular vs early menopausal age) was 
compared using the Chi-squared test (or Fisher’s 
test, when required) and Student’s t-test. Linear or 
logistic regression models were applied to test the 
association between current post-menopausal sta-
tus, pre-menopausal disease onset, or early meno-
pause with SSc-related characteristics, corrected 
for covariates selected according to literature evi-
dence and opinion of the investigators. These 
included demographic data and clinical features, 
that is, age, disease duration, antibody status, 
cutaneous subset, nailfold capillaroscopy pattern, 
inflammatory biomarkers, smoking exposure, 
interstitial lung disease (ILD), previous preg-
nancy, and systolic pulmonary artery pressure on 
echocardiography (listed in detail in the 
Supplemental Tables 2–15, 17–22, 24–29). 
Collinearity between predictors was tested through 
Pearson correlation, with a cutoff for collinearity 
>|0.7|. Statistical significance level was set at a p 
value <0.05. The reporting of this study conforms 
to the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement 
(Supplemental File).28

Results

Descriptive analysis
Based on the abovementioned inclusion criteria, 
1538/2178 SSc patients were eligible for the 
study. In line with previous reports, 2/3 patients 
were classified as limited cutaneous SSc (n = 1015, 
66%), with a mean age of 59.3 ± 13.7 years and a 
mean disease duration of 9.1 ± 7.6 years. Anti-
topoisomerase I antibodies (ATA) were positive 
in 500 patients (33.2%), while anti-centromere 
antibodies (ACA) in 495 patients (35.1%). ILD 
was detected on high-resolution computed 
tomography in 38.2% of cases, PAH on right 
heart catheterization in 27 patients (1.8%), while 
scleroderma renal crisis was reported in 16 (1.1%) 
cases. At baseline, 61.2% of the study population 

received at least one vasodilator/vasoactive treat-
ment, and 56.6% were on immunosuppressive 
medications. The mean revEUSTAR-AI at base-
line was 1.8 ± 1.7. Regarding the menopausal sta-
tus, 1157/1538 (75.2%) patients reported to be in 
menopause at the time of enrollment in the regis-
try, with a mean menopausal age of 46.8 years. A 
thorough description of the study population is 
reported in Table 1.

Comparison between current pre-menopausal 
versus post-menopausal status
Post-menopausal patients were more frequently 
ACA positive (35.1% vs 26.1%; p < 0.001), with 
a lcSSc subset (70.5% vs 52.2%; p < 0.001) and 
had a longer disease duration (9.7 ± 8.0 vs 
7.2 ± 5.8; p < 0.023) than pre-menopausal cases. 
In addition, post-menopausal patients had a 
lower prevalence of DU (18.0% vs 23.5%; 
p = 0.020) and digital pitting scar (DPS, 43.9% 
vs 50.9%; p = 0.010). Conversely, post-meno-
pausal patients reported more frequent gastroin-
testinal symptoms. Both ILD and PAH were 
more prevalent in the post-menopausal than in 
the pre-menopausal group (40.4% vs 31.5%; 
p = 0.002 and 5.2% vs 0.8%; p = 0.027, respec-
tively). Overall, vasodilating or vasoactive treat-
ment was more frequent in the pre-menopausal 
group (67.2% vs 59.3% in the post-menopausal 
group; p = 0.006), as well as both biological and 
conventional DMARDs (8.1% vs 3.6%; and 
38.1% vs 29.0%, respectively). Despite these dif-
ferences in clinical presentation, the revEUS-
TAR-AI showed comparable values between the 
two groups. Even after removing the score com-
ponent of age, post-menopausal patients pre-
sented a higher CCI score. Additional, detailed 
data are present in Table 1 and Supplemental 
Table 1.

When testing the current menopausal status as a 
risk factor of disease-associated manifestations 
using multivariable regression models, we could 
not adjust for age, given the collinearity between 
this parameter and menopausal status (r = 0.736). 
Still, after adjustment for the remaining covariates, 
the post-menopausal status resulted as a statisti-
cally significant, independent predictor of the pres-
ence of gastric symptoms (OR 1.447, 95% CI 
1.045 to 2.002, p = 0.026) and ILD (OR 1.775, 
95% CI 1.335 to 2.360, p < 0.001), while it showed 
a negative association with DU (OR 0.637, 95% 
CI 0.454 to 0.892, p = 0.009), DPS (OR 0.659, 
9%% CI 0.499 to 0.870, p = 0.003), and the 
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Table 1.  Characteristics of the study population and stratification of SSc disease features according to menopausal status, at the 
time of inclusion in the SPRING-SIR registry.

Parameters All patients Pre-menopausal 
status

Post-menopausal 
status

p Value

n = 1538 n missing n = 381 n = 1157  

Demographic

  Age (years), mean (SD) 59.3 (13.7) 1 41.6 (8.5) 65.1 (9.5) <0.001

  BMI, mean (SD) 24.0 (4.4) 138 23.1 (3.9) 24.3 (4.5) <0.001

  Smoking (ever), n (%) 426 (27.7) 110 101 (28.4) 325 (30.3) 0.504

Gynecological data

  Previous pregnancy, n (%) 1042 (67.7) 252 216 (68.5) 826 (71.4) <0.001

  Previous miscarriage, n (%) 270 (21.3) 272 56 (14.7) 216 (18.7) 0.092

Laboratory profile

  ANA, n (%) 1466 (97.6) 36 355 (96.5) 1111 (98.0) 0.116

  ATA, n (%) 500 (33.2) 32 166 (45.0) 334 (29.4) <0.001

  ARA, n (%) 21 (1.8) 355 5 (1.7) 16 (1.8) >0.999

  ACA, n (%) 495 (35.1) 128 89 (26.1) 406 (38.0) <0.001

Clinical features

  Disease duration (years), mean (SD) 9.1 (7.6) 141 7.2 (5.8) 9.7 (8.0) <0.001

  Esophageal symptoms, n (%) 763 (50.3) 20 167 (44.7) 596 (52.1) 0.015

  SRC, n (%) 16 (1.1) 23 4 (1.1) 12 (1.1) >0.999

  Dyspnea (NYHA class ⩾2), n (%) 588 (38.9) 27 90 (24.1) 498 (43.8) <0.001

  SSc sine scleroderma, n (%) 247 (16.1) 0 79 (20.7) 168 (14.5) <0.001

  lcSSc, n (%) 1015 (66.0) 199 (52.2) 816 (70.5)

  dcSSc, n (%) 276 (17.9) 103 (27.0) 173 (15.0)

  mRSS, mean (SD) 6.1 (6.7) 127 7.0 (7.4) 5.8 (6.4) 0.004

  DPS, n (%) 683 (45.1) 23 190 (50.9) 493 (43.2) 0.010

  DU, n (%) 294 (19.4) 20 88 (23.5) 206 (18.0) 0.020

  Teleangiectasis, n (%) 956 (63.0) 21 212 (56.7) 744 (65.1) 0.004

  Calcinosis, n (%) 181 (12.0) 24 44 (11.8) 137 (12.0) 0.927

  Muscle weakness, n (%) 215 (14.2) 24 44 (11.8) 171 (15.0) 0.125

  Arthritis, n (%) 169 (11.2) 31 38 (10.2) 131 (11.5) 0.509

(Continued)
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Parameters All patients Pre-menopausal 
status

Post-menopausal 
status

p Value

  TFR, n (%) 129 (8.5) 22 33 (8.8) 96 (8.4) 0.831

  Arrhythmia, n (%) 39 (4.2) 616 5 (2.3) 34 (4.9) 0.124

  PAH, n (%) 27 (4.3) 917 1 (0.8) 26 (5.2) 0.027

  ILD, n (%) 588 (38.2) 0 120 (31.5) 468 (40.4) 0.002

  Resting sPAP (mmHg) 22.9 (16.6) 262 18.4 (13.5) 24.4 (17.3) <0.001

  LVEF (%), mean (SD) 61.1 (5.6) 313 62.0 (5.9) 60.8 (5.4) 0.002

  DLco (%), mean (SD) 69.1 (20.1) 452 72.8 (19.1) 67.9 (20.3) <0.001

  FVC (%), mean (SD) 102.3 (22.2) 396 99.5 (20.5) 103.2 (22.7) 0.016

  NVC normal, n (%) 78 (5.6) 153 20 (5.6) 58 (5.6) 0.424

  NVC scleroderma pattern early, n (%) 304 (21.9) 86 (24.2) 218 (21.2)

  NVC scleroderma pattern active, n (%) 650 (46.9) 169 (47.6) 481 (46.7)

  NVC scleroderma pattern late, n (%) 353 (25.5) 80 (22.5) 273 (26.5)

  revEUSTAR-AI at baseline, mean (SD) 1.8 (1.7) 23 1.8 (1.8) 1.8 (1.7) 0.669

  CCI without age, mean (SD) 0.5 (1.0) 0 0.1 (0.6) 0.6 (1.1) <0.001

Therapy

  Vasodilator or vasoactive treatment (⩾1), n (%) 942 (61.2) 0 256 (67.2) 686 (59.3) 0.006

  Immunosuppressive treatment (⩾1), n (%) 870 (56.6) 0 229 (60.1) 641 (55.4) 0.121

ACA, anti-centromere antibodies; ANA, antinuclear antibodies; ARA, anti RNA polymerase III antibodies; ATA, anti-Scl-70 antibodies; BMI, body 
mass index; CRP, C-reactive protein; cs DMARDS, conventional synthetic disease modifying antirheumatic drugs; dcSSc, diffuse skin involvement; 
DLco, diffusing capacity of lung for carbon monoxide; DLco/VA, diffusing capacity of lung for carbon monoxide divided by alveolar volume; DPS, 
digital pitting scar; DU, digital ulcers; ERA, endothelin receptor antagonists; ESR, erythrocyte sedimentation rate; FEV-1, forced expiratory volume 
in 1 second; FVC, forced vital capacity; ILD, interstitial lung disease; lcSSc, limited skin involvement; LVEF, left ventricular ejection fraction; mRSS, 
modified Rodnan Skin Score; NVC, nailfold videocapillaroscopy; NYHA, New York Heart Association; PAH, pulmonary arterial hypertension; PDE5i, 
phosphodiesterase 5 inhibitors; revEUSTAR-AI, revised EUSTAR activity index; RP, Raynaud’s phenomenon; sPAP, systolic pulmonary artery 
pressure; SRC, scleroderma renal crisis; SSc, systemic sclerosis; SSc sine scleroderma, no skin involvement; TFR, tendon friction rubs.
Bold indicate statistical significant result, with p<0.05.

Table 1.  (Continued)

diffuse cutaneous subset (dcSSc, OR 0.578, 95% 
CI 0.424 to 0.786, p < 0.001). In addition, post-
menopausal status was associated with lower val-
ues of diffusion capacity of the lung for carbon 
oxide (DLco) (β = −2.791, 95% CI −5.910 to 
−0.327, p = 0.039) and left ventricle ejection frac-
tion (LVEF) (β = −0.965, 95% CI from −1.852 to 
−0.078, p = 0.033), but a higher estimated systolic 
pulmonary arterial pressure (sPAP) on echocardi-
ography (β = 5.339, 95% CI 3.049 to 7.629, 
p < 0.001) (Figure 2(a)–(e)). Conversely, no inde-
pendent association was detected with other organ 

involvements (additional data are presented in 
Supplemental Tables 2–15).

Comparison between regular and  
early menopausal age
Focusing on the 902 post-menopausal cases with 
available data on menopausal age, an early meno-
pause onset was reported by 130 patients (14.4%). 
When early and regular menopausal age groups 
were compared, patients with early menopausal 
age presented more frequently with DU (26.0% 
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vs 16.0%, p = 0.008), history of scleroderma renal 
crisis (3.2% vs 0.5%, p = 0.017), and presence of 
ILD (47.7% vs 37.3%, p = 0.026), in line with 
significantly lower FVC% (97.4% vs 104.0%, 
p = 0.005) and DLco% values (63.9% vs 68.7%, 
p = 0.030), as well as more frequently complain-
ing of dyspnea (54.4% vs 41.5%, p = 0.008). In 
line with the higher prevalence of lung involve-
ment, we observed that early menopausal patients 
were more frequently exposed to therapy with 
cyclophosphamide, which is a well-known risk 
factor for ovarian insufficiency and early meno-
pause. However, the exposure to this medication 
was not statistically different among the groups. 
In addition, the menopausal age of patients 
exposed to cyclophosphamide while fertile  
was lower than the patients who never received it, 
but again, not statistically different 
(47.7 ± 6.6 years vs 48.9 ± 5.09 years, p = 0.363). 
Detailed data are presented in Table 2, with 

additional information shown in Supplemental 
Table 16.

Early menopausal age was tested as a predictor of 
the abovementioned selected SSc features and 
adjusted for selected confounders. After the 
backward selection, early menopausal age was a 
statistically significant risk factor for the presence 
of DU (OR 1.788, 95% CI 1.006 to 3.178, 
p = 0.048) and lower DLco% values (β = −6.835. 
95% CI −11.602 to −2.067, p = 0.005). In addi-
tion, early menopausal age showed a trend 
toward statistical significance as a risk factor for 
presence of ILD (OR 1.473, 95% CI 0.964 to 
2.253, p = 0.074) and lower FVC% values 
(β = −4.592, 95% CI −9.403 to −0.219, 
p = 0.061) (Figure 3(a)–(d)). The remaining 
models showed a non-statistically significant 
association of early menopause with other clini-
cal features (Supplemental Tables 17–22).

Figure 2.  Multivariable regression models testing post-menopausal status as a predictor for SSc-related 
clinical features: (a) presence of gastric symptoms; (b) presence of diffuse cutaneous subset; (c) value of 
diffusion capacity of the lung for carbon monoxide (DLco); (d) presence of digital ulcers; (e) value of sPAP;  
(f) presence of ILD; (g) presence of digital pitting scars; and (h) value of LVEF.
ATA, anti-Scl-70 antibodies; FVC, forced vital capacity; ILD, interstitial lung disease; LVEF, left ventricular ejection fraction; 
OR, odds ratio; sPAP, systolic pulmonary artery pressure; SSc, systemic sclerosis.
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Table 2.  Characteristics of the study population and stratification of SSc disease features according to regular or early menopause, 
at the time of inclusion in the SPRING-SIR registry.

Parameters All patients Regular 
menopause

Early 
menopause

p Value

n = 902 n missing n = 772 n = 130  

Demographic

  Age (years), mean (SD) 64.6 (9.4) 0 65.3 (9.0) 60.7 (10.6) <0.001

  BMI, mean (SD) 24.1 (4.4) 63 24.0 (4.3) 25.0 (5.0) 0.019

  Age at menopause (years), n (%) 48.8 (5.1) 0 50.4 (3.6) 39.8 (3.8) <0.001

Laboratory profile

  ANA, n (%) 861 (97.7) 0 739 (97.8) 122 (97.6) >0.999

  ATA, n (%) 252 (28.5) 0 214 (28.2) 38 (30.2) 0. 671

  ARA, n (%) 12 (1.8) 0 10 (1.7) 2 (2.3) 0.664

  ACA, n (%) 314 (37.2) 0 274 (38.0) 40 (32.8) 0.311

Clinical features

  Disease duration (years), mean (SD) 9.6 (7.8) 62 9.4 (7.8) 10.6 (8.2) 0.111

  Years from RP onset 15.9 (12.3) 0 15.9 (12.6) 15.6 (11.0) 0.760

  Esophageal symptoms, n (%) 459 (51.6) 13 390 (51.1) 69 (54.8) 0.501

  SRC, n (%) 8 (0.9) 13 4 (0.5) 4 (3.2) 0.017

  Dyspnea (NYHA class ⩾2), n (%) 384 (43.3) 16 316 (41.5) 68 (54.4) 0.008

  SSc sine scleroderma, n (%) 134 (14.9) 13 105 (13.6) 29 (22.3) 0.013

  lcSSc, n (%) 633 (70.2) 555 (71.9) 78 (60.0)

  dcSSc, n (%) 135 (15.0) 112 (14.5) 23 (17.7)

  mRSS, mean (SD) 5.8 (6.1) 77 5.8 (6.0) 5.8 (7.1) 0.945

  DU, n (%) 155 (17.4) 11 122 (16.0) 33 (26.0) 0.008

  Calcinosis, n (%) 100 (11.2) 13 84 (11.0) 16 (12.7) 0.648

  Muscle weakness, n (%) 136 (15.3) 15 116 (15.2) 20 (16.0) 0.893

  Arthritis, n (%) 89 (10.1) 18 79 (10.4) 10 (8.0) 0.431

  TFR, n (%) 77 (8.7) 13 65 (8.5) 12 (9.5) 0.732

  Arrhythmia, n (%) 25 (4.3) 327 21 (4.3) 4 (4.3) >0.999

  PAH, n (%) 19 (5.1) 0 15 (4.9) 4 (6.1) 0.757

  ILD, n (%) 350 (38.8) 0 288 (37.3) 62 (47.7) 0.026

  Resting sPAP (mmHg) 23.1 (17.0) 157 23.4 (17.1) 21.4 (16.4) 0.255

(Continued)
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Comparison between pre- versus  
post-menopausal SSc onset
Among the 1254/1538 patients with available 
data on menopausal status, menopause onset, 
and SSc onset dates, 632 (50.6%) reported the 
onset of SSc in the pre-menopausal age, 568 
(45.3%) a post-menopausal SSc disease onset, 
leaving a peri-menopausal onset in the remaining 
54 (4.1%) cases. Given the paucity of the peri-
menopausal group, this was excluded from the 
following analysis. In comparison to post-meno-
pausal onset patients, pre-menopausal onset SSc 
cases were more frequently ATA positive (39.1% 
vs 26.2%; p < 0.001) and presented the dcSSc 
subset (22.9% vs 13.0%; p = 0.001). In addition, 
both disease duration and mRSS were higher in 
the pre-menopausal onset group (10.8 years vs 
6.8 years, respectively, p < 0.001, and 7.0 vs 5.2, 
respectively, p < 0.001). Pre-menopausal SSc 
onset cases presented, on average, with a higher 
baseline revEUSTAR-AI (2.0 vs 1.6, p < 0.001), 

more frequent DPS (55.9% vs 38.6%, p < 0.001), 
DU (22.8% vs 14.6%, p < 0.001), more neoan-
giogenesis phenomena detected on nailfold vide-
capillaroscopy (20.3% vs 14.1%; p = 0.006), and 
a trend for higher prevalence of a late scleroderma 
pattern (27.4% vs 22.6%; p = 0.161), compared 
to the post-menopausal onset cases. In line with 
this clinical picture, the percentage of patients 
under vasodilator or vasoactive treatment was sig-
nificantly higher (70.6% vs 54.6%, p < 0.001) in 
the pre-menopausal group, mainly endothelin-1 
receptor antagonists (27.5% vs 15.7%; p < 0.001).

Differently, the mean values of resting estimated 
sPAP, as well as the PAH prevalence, were higher 
in the post-menopausal onset group (24.4 mmHg 
vs 19.5 mmHg, p < 0.001 and 6.6% vs 2.0%, 
p < 0.020). No statistically significant differences 
were found regarding the presence of ILD, although 
a significantly lower FVC% was detected in the 
pre-menopausal onset group (99.8% vs 104.4%; 

Parameters All patients Regular 
menopause

Early 
menopause

p Value

  LVEF (%), mean (SD) 61.0 (5.3) 174 60.9 (5.4) 61.3 (4.9) 0.449

  DLco (%), mean (SD) 67.9 (20.2) 267 68.7 (20.2) 63.9 (20.0) 0.030

  FVC (%), mean (SD) 103.0 (22.0) 230 104.0 (21.9) 97.4 (21.5) 0.005

  NVC normal, n (%) 46 (5.2) 92 38 (5.5) 4 (3.5) 0.265

  NVC scleroderma pattern early, n (%) 185 (22.8) 153 (22.0) 32 (28.3)

  NVC scleroderma pattern active, n (%) 375 (46.3) 330 (47.3) 45 (39.8)

  NVC scleroderma pattern late, n (%) 208 (25.7) 176 (25.3) 32 (28.3)

  revEUSTAR-AI at baseline, mean (SD) 1.8 (1.7) 14 1.8 (1.7) 1.9 (1.9) 0.295

  CCI without age, mean (SD) 0.6 (1.1) 0 0.6 (1.1) 0.5 (1.1) 0.277

Therapy

  Vasodilator or vasoactive treatment (⩾1), n (%) 545 (60.4) 0 465 (60.2) 80 (61.5) 0.846

  Immunosuppressive treatment (⩾1), n (%) 490 (54.3) 0 412 (53.4) 78 (60.0) 0.183

  CYC therapy before menopause, n (%) 92 (10.3) 0 73 (9.5) 19 (14.6) 0.085

ACA, anti-centromere antibodies; ANA, antinuclear antibodies; ARA, anti RNA polymerase III antibodies; ATA, anti-Scl-70 antibodies; BMI, body 
mass index; CCI, Charlson comorbidity index; CYC, cyclophosphamide; dcSSc, diffuse skin involvement; DLco, diffusing capacity of lung for carbon 
monoxide; DU, digital ulcers; FVC, forced vital capacity; ILD, interstitial lung disease; lcSSc, limited skin involvement; LVEF, left ventricular 
ejection fraction; mRSS, modified Rodnan Skin Score; NVC, nailfold videocapillaroscopy; NYHA, New York Heart Association; PAH, pulmonary 
arterial hypertension; revEUSTAR-AI, revised EUSTAR activity index; RP, Raynaud’s phenomenon; sPAP, systolic pulmonary artery pressure; SRC, 
scleroderma renal crisis; SSc, systemic sclerosis; SSc, sine scleroderma: no skin involvement; TFR, tendon friction rubs.
Bold indicate statistical significant result, with p<0.05.

Table 2.  (Continued)
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p = 0.001), both within the range of normality. 
Regarding the use of immunosuppressive treat-
ments, pre-menopausal onset patients received 
more biologic DMARDS therapy (6.8% vs 2.8%; 
p < 0.002), in line with the higher prevalence of the 
dcSSc subset. The CCI score (without age) was 
higher in the post-menopausal onset group (0.7 vs 
0.3; p < 0.001). All detailed results are reported in 
Table 3 and Supplemental Table 23.

When testing pre-menopausal SSc onset as a risk 
factor of cutaneous and pulmonary fibrosis fea-
tures, as well as pulmonary and peripheral vascular 
manifestations using multivariable regression 
models with backward selection, pre-menopausal 
SSc onset was neither statistically significant nor 
an independent predictor for any of the abovemen-
tioned parameters (Supplemental Tables 24–29).

Discussion
The analysis carried out on Italian SSc patients 
from the SPRING-SIR registry shows that both 
menopausal status and early menopausal age may 

have an impact on the SSc clinical features and 
should therefore be taken into account for both 
risk stratification and patient management.

Previous studies have hypothesized an increased 
risk of early menopause in SSc females, compared 
to the general population.6,13,19,29 Although in  
our cohort only 14.4% of post-menopausal SSc 
women reported an early menopause, we 
observed that the average menopausal age in our 
cohort was around 47 years, which is lower than 
the values reported for the general population, 
usually ranging between 50 and 52 years.30 When 
analyzing only postmenopausal patients, our 
study showed that the early menopausal age was 
associated with a higher prevalence of DU and 
lower DLco% values, data that are in agreement 
with the suggested link between the menopause-
related hormonal changes, in particular estrogens, 
and the control of the vascular tone.

Moreover, in our cohort, SSc patients with a pre-
menopausal disease onset were more frequently 
ATA positive, with more prevalent fibrotic and 

Figure 3.  Multivariable regression models testing early menopause as a predictor for SSc-related clinical features: (a) presence of 
digital ulcers; (b) presence of interstitial lung disease; (c) value of FVC; and (d) value of DLco.
ATA, anti-Scl-70 antibodies; DLco, diffusing capacity of the lung for carbon monoxide; FVC, forced vital capacity; ILD, interstitial lung disease; NVC, 
nailfold video capillaroscopy; OR, odds ratio; sPAP, systolic pulmonary artery pressure; SSc, systemic sclerosis.
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Table 3.  Characteristics of the study population and stratification of SSc disease features according to pre- or post-menopausal SSc 
onset, at the time of inclusion in the SPRING-SIR registry.

Parameters All patients Post-
menopausal  
SSc onset

Pre-
menopausal 
SSc onset

p Value

n = 1254 n missing n = 568 n = 632   

Demographic

  Age (years), mean (SD) 58.2 (13.8) 0 68.3 (8.2) 49.4 (11.6) <0.001

  BMI, mean (SD) 23.8 (4.3) 83 24.4 (4.5) 23.3 (4.1) <0.001

Gynecological data

  Age at menopause (years), mean (SD) 46.8 (7.0) 0 48.7 (5.5) 45.1 (7.7) <0.001

  Previous pregnancy, n (%) 912 (80.8) 458 (90.2) 414 (72.4) <0.001

  Previous miscarriage, n (%) 240 (21.6) 128 (25.8) 106 (18.7) 0.018

  Current menopause, n (%) 902 (71.9) 0 568 (100) 295 (46.7) <0.001

Laboratory profile

  ANA, n (%) 1190 (97.3) 32 541 (97.7) 596 (96.8) 0.381

  ATA, n (%) 405 (33.0) 28 146 (26.2) 241 (39.1) <0.001

  ARA, n (%) 17 (1.8) 315 8 (1.9) 6 (1.3) 0.592

  ACA, n (%) 396 (34.1) 94 220 (41.3) 160 (27.6) <0.001

Clinical features

  Disease duration (years), mean (SD) 8.9 (7.4) 106 6.8(5.8) 10.8 (8.1) <0.001

  Esophageal symptoms, n (%) 618 (50.0) 19 265 (47.4) 332 (53.3) 0.048

  SRC, n (%) 12 (1.0) 20 3 (0.5) 8 (1.3) 0.257

  Dyspnea (NYHA class ⩾2), n (%) 469 (38.0) 22 233 (41.9) 214 (34.3) 0.008

  SSc sine scleroderma, n (%) 205 (16.3) 0 89 (15.7) 107 (16.9) <0.001

  lcSSc, n (%) 817 (65.1) 405 (71.3) 380 (60.1) 0.001

  dcSSc, n (%) 233 (18.6) 74 (13.0) 145 (22.9)

  mRSS, mean (SD) 6.2 (6.5) 103 5.2 (6.0) 7.0 (6.8) <0.001

  DPS, n (%) 585 (47.4) 20 216 (38.6) 347 (55.9) <0.001

  DU, n (%) 234 (18.9) 17 82 (14.6) 142 (22.8) <0.001

  Calcinosis, n (%) 143 (11.6) 20 51 (9.1) 87 (14.0) 0.011

  Muscle weakness, n (%) 175 (14.2) 21 87 (15.6) 81 (13.0) 0.212

  Arthritis, n (%) 126 (10.3) 26 59 (10.6) 62 (10.0) 0.774

(Continued)
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vasculopathic involvement, although this was not 
detected as a significant, independent risk factor.

In line with the recent data from Liyi et  al.19 
reporting that age at disease onset positively cor-
related with DU and menopausal age, also after 
adjustment for confounders, we can also observe 
that pre-menopausal onset patients presented 
with higher prevalence of DU, which goes in line 
with higher frequency of treatment with vasoac-
tive drugs (70.6% vs 54.9%; p ⩽ 0.001), but a 
lower prevalence of PAH (2.0% vs 6.6%; 
p = 0.020). These data point toward the potential 
protective effect of vasoactive therapies that we 
have recently published in another analysis of the 
SPRING-SIR registry,31 in which the use of 

bosentan for DU prevention associates with 
reduced risk of PAH risk. Moreover, the EUSTAR 
group reported that patients with late-onset SSc 
(after the age of 65) present more frequently with 
PAH,32 further supporting the face validity of our 
results. As previous in vitro data have shown that 
estrogens can modulate the arterial tone through 
endothelial-dependent mechanisms,33 the meno-
pause-related loss of estrogen has been suggested 
to trigger the pathogenic mechanisms that lead to 
vascular damage and, consequently, to disease-
related vascular manifestations, including the 
increased risk of developing new-onset PAH in 
SSc patients.17 As a consequence, hormonal 
replacement therapy was hypothesized to protect 
against the development of isolated PAH,34 

Parameters All patients Post-
menopausal  
SSc onset

Pre-
menopausal 
SSc onset

p Value

  TFR, n (%) 110 (8.9) 19 44 (7.9) 61 (9.8) 0.261

  PAH, n (%) 20 (4.1) 768 15 (6.6) 5 (2.0) 0.020

  ILD, n (%) 63 (36.9) 0 210 (37.0) 237 (37.5) 0.858

  Resting sPAP (mmHg), mean (SD) 21.8 (16.3) 227 24.4 (17.1) 19.5 (15.3) <0.001

  LVEF (%), mean (SD) 61.3 (5.4) 254 60.9 (5.8) 61.6 (5.1) 0.057

  DLco (%), mean (SD) 69.3 (20.0) 363 68.8 (20.3) 69.49 (19.6) 0.651

  FVC (%), mean (SD) 101.9 (21.7) 322 104.4 (22.8) 99.8 (20.6) 0.001

  NVC scleroderma pattern early, n (%) 265 (23.2) 129 (24.9) 119 (20.8) 0.161

  NVC scleroderma pattern active, n (%) 532 (46.7) 242 (46.7) 269 (47.0) 0.161

  NVC scleroderma pattern late, n (%) 285 (25.0) 117 (22.6) 157 (27.4) 0.161

  revEUSTAR-AI at baseline, mean (SD) 1.8 (1.7) 20 1.6 (1.5) 2.0 (1.8) <0.001

  CCI without age, mean (SD) 0.5 (1.0) 0 0.7 (1.2) 0.3 (0.8) <0.001

Therapy

  Vasodilator or vasoactive treatment (⩾1), n (%) 786 (62.6) 0 312 (54.9) 446 (70.6) <0.001

  Immunosuppressive treatment (⩾1), n (%) 708 (56.4) 0 313 (55.1) 359 (56.8) 0.561

ACA, anti-centromere antibodies; ANA, antinuclear antibodies; ARA, anti RNA polymerase III antibodies; ATA, anti-Scl-70 antibodies; BMI, body 
mass index; CCI, Charlson comorbidity index; dcSSc, diffuse skin involvement; DLco, diffusing capacity of lung for carbon monoxide; DPS, digital 
pitting scar; DU, digital ulcers; FVC, forced vital capacity; ILD, interstitial lung disease; lcSSc, limited skin involvement; LVEF, left ventricular 
ejection fraction; mRSS, modified Rodnan Skin Score; NVC, nailfold videocapillaroscopy; NYHA, New York Heart Association; PAH, pulmonary 
arterial hypertension; revEUSTAR-AI, revised EUSTAR activity index; RP, Raynaud’s phenomenon; sPAP, systolic pulmonary artery pressure; SRC, 
scleroderma renal crisis; SSc, systemic sclerosis; SSc, sine scleroderma, no skin involvement; TFR, tendon friction rubs.
Bold indicate statistical significant result, with p<0.05.

Table 3.  (Continued)
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although this was not further investigated to the 
best of our knowledge. Although the higher prev-
alence of PAH in our post-menopausal patients 
may be in line with this hypothesis, unfortunately, 
the small numbers of PAH cases in our cohort 
limit further analyses in this direction. However, 
we could still observe that the post-menopausal 
status is significantly associated with higher sPAP 
and lower DLco and LVEF% values, in line with 
both the higher prevalence of cardiopulmonary 
complications in this population and the biologi-
cal association between post-menopausal status 
and advanced age. Conversely, we found a nega-
tive association of post-menopausal status and 
peripheral vasculopathy, which could be inter-
preted as a protective effect. This is in contrast 
with previous reports showing the improvement 
of abnormal endothelial function in postmeno-
pausal women with Raynaud’s phenomenon sec-
ondary to SSc, with both short- and long-term 
therapy with conjugated estrogens having been 
previously reported.35,36 This result is similar to 
what has been described in healthy postmenopau-
sal women after estrogen therapy.37 Indeed, the 
use of conjugated estrogens in our post-meno-
pausal population could not be excluded, given 
the lack of information about hormonal therapy 
in our dataset.

As expected, SSc patients in the post-menopausal 
status at baseline were older, more frequently had 
lcSSc, were ACA positive, and with more gastro-
intestinal manifestations, ILD, and PAH. These 
results are, in fact, in line with previous data that 
hypothesize an association between sexual hor-
mone levels and clinical SSc phenotypes, mostly 
linked with the reported profibrotic effect of 
estrogens in vitro.12,17 It is well known that estro-
gens may increase the production of extracellular 
matrix protein in skin fibroblast culture of SSc 
patients and stimulate healthy skin fibroblasts to 
produce TGF-β1.33 Our results are in agreement 
with previous data showing menopause influence 
on skin fibrosis, in particular in dcSSc. In the 
post-menopausal status, our SSc patients pre-
sented less frequently with the dcSSc subset and, 
accordingly, with a lower mean mRSS, although 
only the former was independently predicted after 
adjustment in multivariable analysis.12

The present study has limitations. The first con-
cerns the post hoc nature of the analysis, which 
included data coming from an already existing 
registry and not created ad hoc for our specific 
research question. In fact, data about hormonal 

levels, previous/ongoing hormonal therapy, as 
well as the presence of peri-menopausal symp-
toms, were not included in the dataset. In addi-
tion, both the menopausal status and age at 
menopause were self-reported by the patients, 
leading to a possible recall bias when trying to 
provide this information, and it was not con-
firmed with specific hormonal tests. Additional 
concerns might arise considering that the ana-
lyzed sample from a national registry may not be 
representative of the global SSc population, in 
particular given the vast majority of Caucasian 
patients and European ancestors in our cohort. 
However, the numerosity of the sample and the 
disease characteristics, in line with other interna-
tional cohorts, support the representativeness of 
our population and the generalizability of our 
results. Similarly, the availability of information 
and the exclusion of certain cases might reflect a 
selection bias. However, the characteristics of the 
patients excluded from the analysis were in line 
with those included (data not shown). Another 
limitation is the availability of baseline data at the 
time of enrollment in the dataset, as well as the 
cross-sectional nature of the analysis. Indeed, it 
would have been optimal to analyze the effect of 
pre- or post-menopausal onset, as well as that of 
early menopausal age, over time during the dis-
ease course. Similarly, we could not analyze the 
effect of the same factor on disease presentation 
when menopause was happening during the dis-
ease course. In line with the second limitation, 
the short-term duration of the registry and the 
low number of new menopause events and deaths 
recorded, together with the loss to follow-ups, did 
not allow for performing in-depth longitudinal or 
prognostic analysis regarding both the impact on 
disease manifestation and mortality.

Still, our study presents strengths. We have inves-
tigated an important and unexplored area of female 
SSc, providing additional information about the 
role of menopause in SSc. Based on our data and 
the previous literature, we might hypothesize that 
menopause affects not only the disease expression 
but also the disease activity and associated comor-
bidities. In fact, although there is no independent 
link between pre- or post-menopausal onset of SSc 
with specific disease manifestations, we still 
observe a strong association of specific disease 
phenotypes with the post-menopausal status, 
which are additionally marked in patients with 
early menopause. Prospective, multicenter studies 
are warranted to help clarify the role of menopau-
sal age in the development, expression, and 
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outcome of the disease and to evaluate the role of 
hormones and hormonal therapies as well.

Conclusion
Our data suggest that both menopausal status 
and age at menopause may impact SSc clinical 
features, being associated with disease character-
istics such as vascular, pulmonary, and gastroin-
testinal manifestations. The present findings 
underline the need for a global approach to female 
SSc patients, including current post-menopausal 
status and menopausal age in the routine clinical 
assessment.

A careful evaluation of sex-related issues, encom-
passing not only pregnancy outcomes, but also 
menstrual disorders, hormonal conditions, and 
menopausal status, is of paramount importance 
to tailor a personalized management of an SSc 
patient.
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