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ABSTRACT

Introduction: Systemic sclerosis (SSc) is characterized by a complex etiopathogenesis encompassing both host
genetic and environmental -infectious/toxic- factors responsible for altered fibrogenesis and diffuse micro-
angiopathy. A wide spectrum of clinical phenotypes may be observed in patients’ populations from different
geographical areas. We investigated the prevalence of specific clinical and serological phenotypes in patients
with definite SSc enrolled at tertiary referral centres in different Italian geographical macro-areas. The observed
findings were compared with those reported in the world literature.

Materials and methods: The clinical features of 1538 patients (161 M, 10.5%; mean age 59.8 + 26.9 yrs.; mean
disease duration 8.9 + 7.7 yrs) with definite SSc recruited in 38 tertiary referral centres of the SPRING (Systemic
sclerosis Progression INvestiGation Group) registry promoted by Italian Society of Rheumatology (SIR) were
obtained and clustered according to Italian geographical macroareas.

Results: Patients living in Southern Italy were characterized by more severe clinical and/or serological SSc
phenotypes compared to those in Northern and Central Italy; namely, they show increased percentages of diffuse
cutaneous SSc, digital ulcers, sicca syndrome, muscle involvement, arthritis, cardiopulmonary symptoms,
interstitial lung involvement at HRCT, as well increased prevalence of serum anti-Scl70 autoantibodies. In the
same SSc population immunusppressive drugs were frequently employed.

The review of the literature underlined the geographical heterogeneity of SSc phenotypes, even if the observed
findings are scarcely comparable due to the variability of methodological approaches.

Conclusion: The phenotypical differences among SSc patients’ subgroups from Italian macro-areas might be
correlated to genetic/environmental co-factors, and possibly to a not equally distributed national network of

information and healthcare facilities.

1. Introduction

Systemic sclerosis (SSc) involving the skin, the musculoskeletal sys-
tem, and visceral organs,

may severely impair patient’s quality of life and survival [1-5]. The
etiopathogenesis of the SSc is complex and scarcely known and it may
encompass both host genetic susceptibility and environmental toxic/
infectious agents [6]. It is a rare disease characterized by different
clinical phenotypes as suggested by previous studies [3-5,7]. Therefore,
a number of registries and muulticenter cohort studies have been
developed worldwide to provide large SSc series and homogeneous
patients’ subgroups to better investigate the possible role of genetic/
environmental factors and disease variants in patients’ populations from
different geographical areas [7-10]. Recently, the Italian Society of
Rheumatology (SIR) promoted the national SPRING (Systemic sclerosis
Progression INvestiGation) registry, including the very early stages of
SSc, to identify the predictive factors of disease progression and worse
outcome [11,12]. Herein we focus on the clinical/serological pheno-
types of difinite SSc patients recruited at tertiary referral centres of the
main geographical macro-areas of Northern, Center, and Southern Italy.
The observed findings were also compared with previous studies present
in the world literature regarding the geographical/ethnic differences
within patients’ populations from different countries.

2. Patients and methods

The clinical data of 1538 patients with definite SSc (161 male and
1377 females; mean age 59.8 + 26.9 yrs.; mean disease duration 8.9 +
7.7 yrs) out of 2028 patients enrolled in the SPRING registry were
studied. This register is a multicenter national no-profit cohort study,
promoted by SIR [11] and currently includes 37 Italian rheumatology
tertiary referral centres with proven expertise in the diagnosis and
treatment of scleroderma. The study protocol was approved by the
ethical Committes in each participating center, after the coordinating
center’s authorization (reference number OSS 15.010, AOU Careggi,
Firenze); all patients provided written informed consent to enter in the
study [11,12]. The SPRING database has been previously described
[11,12] and briefly consists of patients with age > of 18 yrs. classified
into 4 different cohorts: 1) primary Raynaud’s phenomenon (pRP); 2)
suspected secondary RP (ssRP); 3) very early diagnosis of systemic
sclerosis (VEDOSS) [13] 4) definite SSc according to ACR/ EULAR 2013
classification criteria for SSc [14]. In the present study, we focused the
attention on the group of patients with definite SSc.

At the patient’s enrolment, the following data were collected: de-
mographic characteristics, disease history (including RP duration, date
of diagnosis if appropriate), clinical features, and comorbidities.

The evaluation of the collected variables followed previously
described criteria [3,5,11]. In particular, the disease duration was
calculated from the time of disease onset, i.e. the age at which the first
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non-Raynaud’s sign(s) and/or symptom(s) compatible with the disease
appeared; namely, digital ischemic lesions, puffy hands, sclerodactyly
with or without proximal scleroderma, dyspnea, and/or dysphagia. At
the same time, patients were also classified as limited cutaneous SSc
(1eSSc), diffuse cutaneous SSc (dcSSc), or sine scleroderma SSc (ssSSc).
Besides, the following data were recorded [3,5,11,12]: modified Rodnan
skin score (mRSS), digital ulcers, gangrene and/or osteomyelitis;
arthritis (inflammatory changes observed in >2 joints); muscle weak-
ness with/without elevated serum creatine kinase; oesophageal
involvement (dysphagia and/or oesophageal radiographic dysmotility);
pulmonary involvement (dyspnoea, ground glass and/or bibasilar
fibrosis at high resolution computed tomography -HRCT- and/or
restrictive lung disease on pulmonary function tests, including
decreased diffusion capacity for carbon monoxide (DLCO)), cardiac
involvement with at least 1 of the following features: pericarditis, severe
arrhythmias and/or atrioventricular conduction abnormalities by elec-
trocardiography, left ventricle diastolic dysfunction and/or abnormal
ejection fraction (<50%) by Doppler echocardiography; pulmonary
arterial hypertension (PAH) evaluated by means of systolic pulmonary
arterial pressure (sPAP) at Doppler echocardiography and confirmed by
right heart catheterization [14], and scleroderma renal crisis (sudden
onset of severe arterial hypertension together with acute renal failure).
Different autoantibodies were also determined; namely, anti-nuclear
(ANA), anti-centromere (ACA), and anti-extractable nuclear antigen
(anti-ENA) antibody specificities, including anti-Scl70 [3,5,11,12].

At baseline and every yearly visit, all the above features were
collected along with the ongoing treatments, including both vasoactive,
anti-inflammatory, and immunomodulant/immunosuppressor drugs
[11].

2.1. Review of the literature

A search in PubMed, Embase, Scopus, Web of Science, Asian Science
Citration Index (ASCI), IranMedex, Scientific Information, Database
(SID), PaKMediNet, IndMed, and Index Medicus for the World Health
Organization Eastern Mediterranean Region (IMEMR) regarding the
geographical distribution of SSc phenotypes was done up to March
2022, using the key words scleroderma, systemic sclerosis, phenotypes,
heterogeneity, geographical areas, referral. Single-center studies that
otherwise assessed different patients’ populations were included.

2.2. Statistical methods

Data were collected and handled using the tool Research Electronic
Data Capture-REDCap, a web-based application to support data collec-
tion for research studies [11,12].

Descriptive statistics were performed for demographic, clinical,
laboratory, instrumental characteristics and for treatment, reporting
results as percentages, mean with standard deviation (SD) or median
and interquartile range (IQR).

Differences between groups are detected by Test T or non-parametric
Wilcoxon Test for continuous variables, while Chi-squared test or non-
parametric Fisher exact test were performed to compare frequencies in
different groups of categorical variables.

Analyses were performed using R-3.5.2 statistical software (Foun-
dation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Characteristics of the population

Table 1 summarizes the clinico-epidemiological characteristics of the
whole cohort of 1538 patients with definite SSc and of the three sub-
groups of Northern, Central, and Southern Italy. The number and dis-
tribution of the 37 referral centers and the size of the three patients’
subgroups were in proportion to the general population resident in each
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Table 1
Clinical features of 1538 SSc patients resident in the three Italian geographical
macroareas.

Total Northern Central Southern
Patients no. 1538 814 194 445 p
Demographic
Sex Males no. (%) 161 920 16 44 (10%)  0.494
(10.5%) (11.1%) (8.3%)
Age mean (SD) 59.8 61.7 60.8 55.6 0.001
(26.9) (34.5) (12.6) (13.5)
Age at SSc diagnosis 51.5 53.2 50.9 48.1 0.001
(SD) (27.3) (34.7) (13.5) (14.5)
Disease duration yrs. 8.9(7.7) 9.2 (8.2) 10.4 7.9 (6.6) 0.001
mean (SD)° (7.6)
Clinical
Limited SSc no. (%) 1062 590 131 282 0.005
(71.6%) (74.2%) (67.5%) (68%)
Diffuse SSc no. (%) 276 142 32 86
(18.6%) (17.9%) (16.5%) (20.7%)
sine SSc no. (%) 145 63 31 47
(9.8%) (7.9%) (16%) (11.3%)
Teleangectasias no. 894 534 115 189 0.001
(%) (59.3%) (66.7%) (59.3%) (43.8%)
Calcinosis no. (%) 177 94 24 46 0.782
(11.8%) (11.8%) (12.4%) (10.7%)
Digital ulcers no. (%) 332 171 33 110 0.05
(22%) (21.4%) (17%) (25.5%)
Oesophageal 725 354 110 224 0.002
involvement no. (%)  (48.1%) (44.3%) (56.7%) (51.9%)
Sicca syndrome no. 441 215 52 145 0.035
(%) (29.4%) (26.9%) (26.9%) (33.7%)
Renal crisis no. (%) 14 10 3(1.5%) 1(0.2%) 0.107
(0.9%) (1.3%)
Musle involvement 236 112 23 87 0.006
no. (%) (15.7%) (14.1%) (11.9%) (20.2%)
Arthritis no. (%) 210 95 24 82 0.001
(14.1%) (11.9%) (12.4%) (19.4%)
Cardio-pulmonary
involvement
Symptoms no. (%)* 431 194 53 162 0.001
(28.7%) (24.4%) (27.5%) (37.6%)
HRCT ILD no. (%)** 1174 609 139 357 0.03
(59%) (58.8%) (50.9%) (63.9%)
FCV (%) mean (SD) 101.8 103.1 102.8 98.3 0.006
(23) (22.7) (23.8) (23.4)
Laboratory findings
ANA+ no. (%) 1454 783 186 407 0.01
(96.8%) (98%) (95.9%) (94.9%)
anti-ENA no. (%) 1021 556 120 308 0.023
(72%) (72.3%) (65.6%) (76.4%)
anti-Scl70 no. (%) 513 260 53 173 0.002
(34.1%) (32.5%) (27.3%) (40.2%)
ACA no. (%) 700 379 103 179 0.005
(45.5%) (46.6%) (53.1%) (40.2%)
Treatment
Immunosuppressors 406 186 40 156 0.001
no. (%) (26.4%) (22.9%) (20.6%) (35.1%)
Prostanoids no. (%) 807 408 88 274 0.001
(52.5%) (50.1%) (45.4%) (61.6%)
Antiaggregants no. 650 314 88 223 0.001
(%)°° (42.3%) (38.6%) (45.4%) (50.1%)

macro-area (Fig. 1). Overall, demographic and clinico-serological fea-
tures of definite SSc series were quite comparable with other large co-
horts reported in the world literature [3,5,7-12].

3.2. Phenotipic comparison among Italian macro-areas

The comparative analysis among the three Italian macro-areas
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Geographical macro-areas of Italy & distribution of SPRING centers
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Fig. 1. Geographical macro-areas of Italy and distribution of centres partici-
pating to the SPRING registry. The three geographical macro-areas of Italy (N:
Northern, C: Central, and S: Southern) showed a good relationship between the
number of enrolled SSc patients (N: 814, C: 194, and S: 445), number/distri-
bution of participating centres (N: 16 c., C: 9 c., and S: 12 c.) and resident
general population (N: 32.1 Millions, C: 9.3 M, and S: 18.9 M).
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revealed a number of statistically significant differences (Table 1). In
particular, patients from Southern Italy showed a significantly lower
mean age recorded either at patients’ recruitment and at SSc diagnosis,
as well a shorter disease duration compared that observed in Northern
and Central Italian macro-areas (Table 1; Fig. 2). Moreover, in Southern
Italy the following SSc features were more frequently observed: dcSSc
subset, serum anti-Scl70 antibodies, digital ulcers, sicca syndrome,
muscle involvement, arthritis, cardiopulmonary symptoms (often exer-
tional dyspnoea), interstitial lung involvement at HRCT, and impaired
forced vital capacity (Table 1). On the contrary, a lower percentage of
ACA seropositivity was observed. Finally, immunosuppresants, prosta-
noids, and/or antiaggregants were more frequently employed in SSc
patients from Southern Italy (Fig. 2).

The comparison between the two patients’ subgroups from Northern
and Central Italy showed only sporadic, often non significant differences
as regards both clinical and serological SSc phenotypes (Table 1).

3.3. Review of the literature

Available studies present in the world literature can be subgrouped
as i) epidemiological studies mainly focusing on the prevalence/inci-
dence of the SSc in patients’ populations from definite geographical
areas [15], and ii) cohort studies analyzing patients’ series recruited at
tertiary referral centers. The latter focused on the differences in the
clinico-serological phenotypes among SSc patients’ populations from
different countries, or among regional areas and/or ethnic groups of the
same country [7,16-24]. In this context, our review of the literature
revealed a number of interesting observations, often conflicting prob-
ably due to different methodological approaches [7,16-24].

These cohort studies are described in detail in the Table 2 [16-24];
they were invariably directed at identifying differences between
geographical areas within the same country, with the exception of the
EULAR Scleroderma Trials and Research (EUSTAR) report that included

Clinico-serological features of SSc patients from geographical macro-areas of Italy
Northern l Central I:] Southern D
yrs
%
70 -
001 80 1 .005
60 - 4
- 7 — .03
50 - 60
.005
50 -
40 -
.002 .001
40 7] i .001
30 -
*1 .05
20 -
.001 20 -
0- L 0 - — ) L L L L
mean | | Dis. Limited Diffuse  ssSSc || Digital ACA+ Scl70+ Lung/ ILD Therapy
Age | | Dur. cutaneous subsets Ulcers Heart HRCT Immune-
‘ = = symptoms suppressors

Fig. 2. Clinico-serological features of patients with definite SSc from the three geographical macro-areas of Italy. The comparison between SSc patients’ subgroups
recruited in different geographical macro-areas of Italy, i.e. Northern (pts no. 814), Central (pts no. 194), and Southern (pts no. 445) revealed that patients with
definite SSc resident in Southern Italy were characterized by significantly lower mean age and disease duration, as well as higher prevalence of diffuse cutaneous SSc,
digital ulcers, serum anti-Scl70, symptomatic heart and/or lung involvement, and interstitial lung involvement at HRCT. In the same subgroup, the percentage of
patients undergoing immunosuppressive treatments was significantly higher compared to those from Central and Northern Italy (see text).



Table 2
Clinical and serological phenotypes in systemic sclerosis patients’ populations referred to tertiary centers assessing macro-regional and ethnic differences.
Author Year Country Geographical area Enrolment Criteria No.of  Prevalent clinical/serological phenotypes Comments
(ref. pts
No.)

Mayes 2003 USA Detroit tricounty Multicenter, multi-ethnic study 1980 ACR 706 dcSSc was more frequent in blacks. ACA The parallel epidemiologic study found a
MD, et (16) metropolitan area (academic, hospital, private classification criteria positivity less common in blacks higher SSc prevalence among blacks
al (Michigan) rheumatologists, Scleroderma

foundation)

Nietert 2006 USA South Carolina Single-center multi-ethnic study 1980 ACR 263 dcSSc, DUs, anti-Scl70 and anti-RNP, anti-  Differences remain even after adjusting for

PJ,etal a7 classification criteria Ro more frequent in black patients sex, education, disease classification and
disease duration

Walker 2009 "23 EUSTAR Europe Multicenter database 1980 ACR 3661 “Pocket” distribution of ACA, anti-Scl70, Large variability between observers to
UA, et @ rheumatology classification criteria 1cSSc, dcSSc, even within regions of the assess cutaneous subtype and antinuclear
al centers same country antibodies

Low AHL, 2009 Canada Toronto (Ontario) Single-center multi-ethnic study 1980 ACR 336 Increased myositis and anti-Scl70, lower The largest heavily populated metropolitan
et al (18) classification criteria MS and GI manifestation in Chinese vs area in Canada

European descent

Wang J, 2013 China Han Chinese from Multicenter study from hospital 1980 ACR 419 Higher dcSsc, anti-Scl70, anti-RNAP IIland ~ Comparison between two homogeneous

etal (19) Shanghai, Hebei, and outpatient clinics classification criteria pulmonary fibrosis in Chinese vs Caucasian  ethnic groups (Han population and US
Sichuan, Hunan (rheumatology/dermatology) patients Caucasian registry)
regions

Meyer A, 2016 France Alsace, Lorraine, Seine- Questionnaire ICD-code 1980 ACR 244 No significant difference in the percentages ~ The parallel epidemiologic study found a

et al. (20) Saint-Denise and LeRoy-Medsger of ACA, anti-Scl70 and skin subtypes higher SSc prevalence in Alsace
criteria

Souza 2017 Brazil Brazil (Northeast, Multicenter registry 2013 ACR/EULAR 141 Higher risk of DUs in patients living in The study focused only on DUs
EJR, et 21 Midwest, Southeast, classification criteria subtropical climate
al and South).

Moon 2018 Korea 11 University hospitals Retrospective medical charts 1980 ACR 751 Residents in urban areas have higher dcSSc ~ Residents of rural areas have a decreased
KW, et (22) representing each classification criteria subtype survival
al geographical area

Moore 2019 USA Washington DC, Single-center retrospective, 2013 ACR/EULAR 402 African Americans more likely to have anti-  Self-reported race and ethnicity
DF, et (23) Georgetown University ~ multiethnic study classification criteria U1-RNP and severe pulmonary disease
al

Al-Sheikh 2019 Canada Toronto (Ontario) Single-center multi-ethnic 2013 ACR/EULAR 1005 East Asian: less calcinosis and oesophageal  Self-reported ethnicity/descent. The cohort
H, etal 24) longitudinal cohort classification criteria involvement; Afro-Caribbeans: ILD and reflects the immigration patterns in

anti-U1-RNP; First Nations: deSSc Toronto

Present 2022 Italy Northern, Central, Multicenter database 2013 ACR/EULAR 1538 Patients from South Italy showed an The increased prevalence of more severe

study Southern Italy classification criteria increased percentage of severe clinico- phenotypes might be correlated to specific

serological SSc phenotypes (dcSSc, anti-
Scl70+, internal organ involvement)

unknown genetic environmental co-factors,
and/or to referral bias

" EUSTAR: Austria, Denmark, Belgium, Croatia, Czech Republic, France, Germany, Great Britain, Greece, Hungary, Italy, Malta, The Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain,

Sweden, Switzerland.

ACR: American College of Rheumatology; dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous systemic sclerosis; DUs: digital ulcers; MS: musculoskeletal; GI: gastrointestinal; ILD: interstizial lung disease.
% homogeneous population by ethnicity.
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23 European countries [7].

The greatest differences in cutaneous subsets and autoantibody
patterns seem to be predominantly correlated to ethnicity
[16,17,19,24]. In particular, the dcSSc subset was more frequent in
Afroamerican patients [16,17], as well in residents of large areas in
China [19], or native peoples in Toronto [24]. An increased prevalence
of serum anti-Scl70 antibodies was found in Afro americans [17], in
China [19], and in Chinese descent from Toronto [18]. Afroamericans
and Afrocaribbeans show a higher frequency of anti-U-RNP when
compared with Caucasians living in the same geographical areas
[23,24]. Interestingly, some clinical characteristics were found to be
related to climate, such as digital ulcers [21], while others are depen-
dent on living in urban or rural area such as dcSSc subset [22].

Finally, the observed differences in SSc phenotypes among patients’
series from heterogeneous European geographic areas [7] are probably
influenced by numerous, unknown genetic and/or environmental co-
factors.

4. Discussion
4.1. Geographical heterogeneity of Italian SSc phenotypes

The present study revealed a geographical heterogeneity as regards
the clinical and serological phenotypes among SSc patients’ subgroups
from the three Italian macro-areas. In particular, patients from Southern
Italy were characterized by significantly higher prevalence of dcSSc
subset, digital ulcers, musculoskeletal and internal organ damage,
mainly lung fibrosis, as well by higher percentage of serum anti-Scl70
antibodies compared to patients from other two macro-areas. Taken
together, these findings suggest that SSc patients referred to tertiary
centers of Southern Italy show a worse clinico-serological phenotype
compared to those of Northern and Central Italy. The same patients’
population more frequently underwent immunosuppressive treatments
during the clinical course of the disease.

4.2. Review of the world literature

The analysis of the world literature showed that a heterogeneous
geographical distribution of disease phenotypes, in patients followed at
tertiary referral centers, has been observed in cross-sectional studies on
SSc populations from different countries and among different areas or
ethnic groups within the same country. The largest study to date on 23
European countries investigated the SSc composition as regards clinical/
serological subsets [7]. The study revealed several discrepancies among
different countries as well as among different areas within the same
country [7]. The cluster analysis failed to identify neither an East-West
or North-South trend, postulated on the basis of some epidemiological
studies [7,15], nor any geographical coordinate regarding the typical
SSc features, such as the prevalence of a specific cutaneous subset and/
or autoantibody (ACA, Scl-70), while a “pocket” distribution of SSc
clinical/serological composition was evidenced. Of interest, the authors
found that eastern European centers have taken care for SSc patients
with frequent serious visceral organ manifestations (pulmonary arterial
hypertension, cardiac involvement) than western centers, suggesting the
presence of local referral bias [7].

Other studies [16-24], focusing on SSc symptom composition within
a single country, were scarcely comparable in terms of recruitment
modalities, number of enrolled patients and/or involved centers
(mono—/multicenter), and settings (hospital or outpatients’ clinics).

Overall, the most significant differences occurred in distinct ethnic
groups living in the same geographic areas [16-19,23,24]. Two studies
conducted in well-defined macro-areas of the United States confirmed
the existence of a phenotype characterized by a higher frequency of anti-
Scl70 and dcSSc in black patients [16,17], with increased prevalence of
digital ulcers [17].

A single-center study in a densely populated area of Canada revealed
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that Chinese-descent patients showed less frequent joint and gastroin-
testinal manifestations, less severe vasculopathy, but increased preva-
lence of myositis and specific autoantibodies (anti-Ro and anti-U-RNP)
[18]. On the contrary, data from a multicenter study on Han-Chinese
ethnic group followed-up in rheumatology/dermatology centers,
compared with a registry of US Caucasian patients, found that Chinese
SSc patients are more frequently affected by dcSSc, with a higher
prevalence of both anti-Scl-70 and anti-RNAP III autoantibodies (19). In
addition, pulmonary fibrosis was present in nearly 80% of subjects,
strongly associated with anti-Scl-70, which represents one of the worse
disease phenotypes [19]. A retrospective study revealed a more severe
pulmonary disease in African American patients and an unadjusted
higher mortality when matched with non-African American subgroup
[23]; moreover, the autoantibody profile differed between the 2 groups
as African American were more likely to have anti-U1-RNP [23]. A
single-center study carried out in Toronto, focusing on the immigration
pattern, evidenced ethnic variations in SSc manifestations including
internal organ involvement [24]. In particular, Est Asian patients
revealed a low prevalence of both calcinosis and oesophageal involve-
ment, while Afro-Caribbean more frequently had interstitial lung dis-
ease, and First Nations showed a dcSSc subset; finally, a low prevalence
of anti-Scl-70 was recorded in Hispanic, and ACA in Afro-Caribbean
patients [24].

Whit regard to local environmental and/or climate factors, a
comparative analysis of SSc subgroups resident in three different
geographical areas of France found no substantial differences in the
prevalence of cutaneous subsets, ACA, and anti-Scl70, although a higher
prevalence of the disease was found in Alsace [20]. Moreover, in a cross-
sectional, multicenter study carried out in Brazil, a higher risk of digital
ulcers in patients living in subtropical vs tropical climate was observed
[21]. Moreover, a significant increase in dcSSc subset was found in
residents of urban areas compared with patients from rural areas in
Korea; the latter presented an unexpected increase in 5-year mortality
[22].

4.3. Possible role of genetic/environmental factors

The geographical heterogeneity in SSc clinical/serological pheno-
types reported in the observational cohort studies, including our study,
is mirrored by epidemiological studies that evidenced a quite variable
prevalence of SSc among different geographical areas [15,25,26]. This
might be correlated to the complexity of the SSc etiopathogenesis that
encompasses several putative agents; namely, the host genetic/epige-
netic and/or environmental infectious/toxic co-factors [6,27,28]. The
variable combination of the above factors may lead to specific SSc
phenotypes, possibly through a multistep process that characterizes the
natural history of the disease [6,28]; it can be particularly evident in
patients’ populations with specific genetic predisposition [29-31] and/
or living in geographical areas characterized by endemic exposure to
specific adverse environmental factors [6,25,27,32]. The latter condi-
tion is reported in some geographical areas characterized by high
prevalence of occupational exposure to both silica and solvents, more
often in male SSc patients [33]. Comparable conditions could very likely
be present in Northern Italy, with high density of industries and climate
conditions favoring the negative effects of pollution, as in the Po valley;
an example of such combination has been observed in a restricted
geographical area with high density of worksites with silica dust expo-
sure, where resident SSc patients showed abnormal serum levels of silica
nanoparticles that in turn were associated to severe scleroderma lung
fibrosis [34].

4.4. Possible role of specialized referral center network
In-depth clinical/epidemiological studies, focusing on the entire

clinical scleroderma spectrum, could identify these putative pathoge-
netic correlations. During the last decades, the phenotype composition
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and outcomes of SSc patients’ series recruited at tertiary referral centers
showed an increasing percentage of milder disease variants, especially
in countries with well-organized healthy system [5,11,12]. The overall
improvement of SSc pathomorphosis might be explained, at least in part,
to the improved physician/patient awareness of this harmful disease and
to the diffusion of reliable diagnostic tools, mainly capillaroscopy and
specific autoantibody detection, which may facilitate the early identi-
fication of milder disease variants [35]. Consequently, an increasing
percentage of individuals with less severe SSc phenotypes, at early stage
of disease, is increasingly addressed at tertiary referral centers.

In this scenario, the significant differences among SSc patients resi-
dent in the three Italian macro-areas observed in the present study are
somewhat unexpected. Considering the quite homogeneous ethnic
composition of the Italian population (https://eacea.ec.europa.eu/nati
onal-policies/eurydice/content/population-demographic-situation-1
anguages-and-religions-39_it) and excluding some restricted areas with
high population density and/or polluting industries, both climatic and
environmental conditions in the Southern Italy are generally more
healthful compared to the rest of the country, especially the macro-area
of Northern Italy [36]. In particular, the southern regions have a milder
annual average climate and a lower incidence of industrial pollution
[37]. Thus, to explain the observed discrepancies in the SSc phenotypes,
two possible non-mutually exclusive explanations could be tentatively
hypothesized. From one side the presence among SSc patients of
Southern Italy of environmental and/or genetic factors that might pre-
dispose to more severe SSc phenotypes, even if in the absence of
objective supporting data; on the other hand, we can suppose that the
high prevalence of worse disease phenotypes in the southern macro-area
might reflect at least in part an inadequate network of either information
for the patients/doctors and of referral specialized health facilities.
Therefore, patients with more severe, often rapidly progressive SSc
variants might be more likely to be referred to specialized tertiary
centers than those with mild to moderate forms of the disease. This
referral bias might explain the relatively higher number of worse phe-
notypes in SSc patients’ population recruited in Southern Italy if
compared to the other two Italian macro-areas. The first real-life
nationwide study in Norwegian SSc patients supported the heteroge-
neity of the disease and evidenced referral-related differences in pul-
monary hypertension rate across the considered area, thus preventing a
sufficiently uniform SSc patients’ assessment [38].

5. Conclusions

In this context, population-based cohort studies from well-defined
areas are needed, also to understand the overall impact of the disease
on national health organizations. An adequate information and health
network is decisive for the early diagnosis and referral to specialized
centers to precisely customize treatments for a rare, scarcely known
diseases such as the SSc [39]. The present cohort study revealing some
discrepancies among SSc patients’ populations from different Italian
macro-areas may stimulate thorough clinical investigations in order to
better define the actual prevalence and distribution of SSc clinical
phenotypes. Even more, the identification of definite SSc geographical
clustering may be very valuable in understanding the actual role of
genetic and/or environmental causative factors on this complex disease.
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