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Abstract

Introduction and objective. Systemic sclerosis [SSc; scleroderma] is a rare, connective tissue disorder affecting all organs
and systems. The primary feature of this disease is a chronic, progressive fibrosis due to excessive production of collagen
and other components. There are two subsets of systemic sclerosis: 1) diffused SSc (dSSc), 2) limited SSc (lSSc) and 3)
scleroderma without sclerosis (SSSC). The presented review is an attempt to summarize recent data regarding environmental
and occupational factors in SSc onset.
State of knowledge. There are many factors to be taken under consideration with SSc onset, although a strong correlation
has been established for only a few. The most distinct factors are: crystalline silica and organic solvents (such as white
spirit, aromatic, aliphatic-chain, chlorinated solvents, ketones, welding fumes). For other factors, which include abstestos,
air pollution, other chemicals, silicone breast implants, tobacco smoking, drug reactions, diet influence and exposure to
heavy metals, the jury is still out, and their position in SSc onset needs further studies.
Conclusions. Although the pathogenesis of scleroderma remains unclear, there is a marked correlation between the onset
of SSc and certain environmental or occupational factors.
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INTRODUCTION
Systemic sclerosis [SSc; scleroderma] is a rare, chronic,
inflammatory connective tissue disease which affects all
organs and systems [1]. The most prominent feature of this
condition is a diffused progressive fibrosis due to excessive
deposition of extracellular matrix components in various
tissues [1, 2]. Systemic sclerosis is also characterized by
generalized microangiopathy, activation of the immune
system, and production of different kinds of autoantibodies
[1, 3].
According to the latest classification, there are three main
types of scleroderma: diffused scleroderma (dSSc), limited
scleroderma (lSSc) and scleroderma without sclerosis (SSc
sine sclerodema, SSSC) [4]. In its limited form, systemic
sclerosis skin changes are confined to the acral parts of
the body (hands, feet, face). Raynaud’s phenomenon is
observed many years before diagnosis and the course of
the illness is relatively slow and mild with good general
prognosis (a ten-year survival rate in up to 90% of cases).
Organ involvement in lSSc is observed in late-stage disease,
contrary to [3, 5] dSSc where organ involvement is one of the
first signs of the disease. Patients with the diffused form of
SSc have advanced generalized skin fibrosis, and the onset
of Raynaud’s phenomenon is observed, on average, one year
before skin lesions appear. The general prognosis for patients
with dSSc is poor, with a ten-year survival rate in up to 74%
of cases [5, 6]. SSSC is a rare form of the disease in which
vascular and fibrotic damage to the internal organs is present
(similar to lSSc), but without cutaneous sclerosis [4, 7].
Clinical presentation of this disease is extremely
heterogeneous and depends on the degree of organ
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involvement [1]. Systemic sclerosis may affect multiple
internal organs, such as the kidneys, lungs, heart and the
gastrointestinal tract, leading to their failure.
The main dysfunctions are vascular changes leading to
peripheral microcirculation disturbance, which manifest
as skin lesions typical of systemic sclerosis, and include
Raynaud’s phenomenon [Fig. 1], skin fibrosis, microstomia
[Fig. 2], ulceration of the distal phalanges [Fig. 3], diffused soft
tissue calcification [Fig. 4] and oedema of the fingers [8, 9].
Raynaud’s phenomenon is one of the most characteristic
symptoms of systemic sclerosis, resulting from a microvascular

Figure 1. Raynaud’s phenomenon
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Figure 4. Soft tissue calcification

Figure 2. Microstomia

Figure 5. Honeycomb changes in both lungs in ILD

Figure 3. Digital acroosteolysis, amputation of distal phalange, erosions

function disorder where a recurrent, reversible vasospasm
of distal small vessels is observed. This phenomenon mainly
affects vessels such as small arteries (arterioles), precapillary
vessels, as well as postcapillary vessels [10]. Exposure to cold is
the strongest factor, which triggers Raynaud’s phenomenon.
Involvement of the lungs causes interstitial lung disease
(ILD) – pulmonary fibrosis and pulmonary arteries leading to
hypertension – and is the most severe condition. ILD manifests
in a lower lung function test (lower FVC, TVC) and imaging
(honeycombing, beaded bronchiectasis) [Fig. 5, 6]. Morbidity
under those conditions is significantly higher than in other

Figure 6. Multiple beaded bronchiectasis in both lungs
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patient groups (ILD – 35%, PAH – 26%) [11]. This is why
proper diagnostics and regular lung function checks must
be carried out. If untreated, SSc-related PAH (SSc-PAH) a
rapidly fatal course may follow, with death resulting from
right ventricular failure and arrhythmias [11].
Scleroderma symptoms also manifest in the cardiovascular
system, which is particularly difficult to diagnose, because
it often remains subclinical. However, up to 35% of patients
with scleroderma (both diffused SSc and limited SSc) suffer
from cardiovascular problems [12]. Scleroderma can affect
every structure of the heart: pericardium, myocardium and
pericardium, as well as the electrical conduction system. This
is why the spectrum of symptoms is very wide and diverse.
It may cause fibrinous pericarditis, myocardial dysfunction
resulting in ventricular insufficiency, multiple valvular
dysfunctions and arrhythmias [13]. The biggest challenge is
that due to the lack of distinct symptoms, the great majority
of patients remain undiagnosed. Without proper treatment in
the early stages of the disease, complications progress silently.
Unfortunately, once the heart-related problems becomes
symptomatic, the prognosis is very poor [14].
During the course of SSc, kidney function is also impaired.
A decreased glomerular filtration rate (GFR) is common in
SSc. Most patients have mild or moderate renal insufficiency
[15], although some patients have end-stage renal disease
necessitating haemodialysis therapy and transplantation.
Kidney transplantation is one of the therapeutic options for
end-stage renal disease (ESRD) in systemic sclerosis (SS), but
current evidence suggests poorer patient and graft survival
after transplantation in SS than in the case of other primary
kidney diseases. Previously diagnosed arterial hypertension,
especially when treated with ACE inhibitors or diuretics and
glucocorticoids, are independent risk factors associated with
a decreased GFR in SSc [15].
The gastrointestinal tract (GIT) is a very common site
of visceral manifestations of scleroderma – about 90%
of patients suffer from GIT symptoms. Gastrointestinal
involvement is a very common cause of morbidity among
such patients, in addition to cardiovascular, pulmonary
and renal complications [16]. The most common site of
GIT involvement is the oesophagus. Scleroderma leads to
smooth muscle atrophy and fibrosis of the distal part of the
oesophagus, resulting in abnormal peristalsis. Patients often
suffer from gastroesophageal reflux disease, heartburn and
regurgitations [17]. Scleroderma may also be the cause of
pseudoobstruction, malabsorption syndrome and motility
disorders. Although most GIT manifestations are not lifethreatening, they profoundly influence the quality of life of
scleroderma patients [18].
In SSc diagnostics, as well as in other connective tissue
diseases, blood serum tests for autoantibodies and nailfold
videocapilalroscopy are important (NVC), in addition to
specific organ tests (ultrasonography, computed tomography
etc.).
The antibodies associated with SSc are antinuclear
(ANA/ENA) and anticentromere (ACA). Among different
ENA the most common subtypes are anti-topoisomerase I
(Scl-70/TOPO I). An increasing number of studies indicate an
association between different kinds of antibodies and organ
involvement. A distinct connection has been established
between ACA (37%), Scl-70 (24%) and cardiopulmonary
involvement [19]. Anti-RNAP3+ patients with SSc have a
high risk of concomitant malignancy and regular screening

for cancer is recommended [20]. Scleroderma patients who
are double-positive for antibodies recognizing ACA and antiinterferon inducible protein 16 (IFI-16), are significantly more
likely to experience significant digital vascular events [21].
Regardless of the ENA-subtype, nailfold videocapillaroscopy
pattern showed a stable association with a presence of
interstitial lung disease (ILD) or elevated systolic pulmonary
artery pressure (sPAP >35 mmHg) [19].
A further significantly important test in SSc diagnostics is
NVC. This non-invasive method uses a magnifying technique
in order to evaluate the morphology of the capillaries of
the nail bed, where the vessels are most visible owing to
their parallel course against the skin surface [22]. It has
been established that changes in NVC can be present in
patients with Raynaud’s phenomenon, even without any
other clinical presentation of SSc for several years. In such
cases, a characteristic scleroderma pattern is described. There
are three stages: early, active and late. They are characterized
by different evaluation of a few elements such as: enlarged/
gigantic vessels (loops), distribution of the vessels, presence
of haemorrhages or oedema, avascular regions and multiple
branched capillaries [Fig. 7] [22].

Figure 7. Irregular nailfold’s capilars in NVC

The pathogenesis of systemic scleroderma is based on three
distinct phenomena: diffused microangiopathy, a production
of autoantibodies (triggering chronic inflammation) and
excessive production of ECM components, such as collagene,
due to fibroblast disfunction [2, 9, 23].
Many facts remain unclear in the field of systemic
scleroderma pathogenesis; however, research suggests
a certain correlation between the pathogenesis and the
environment. There are multiple publications supporting
the hypothesis that environmental factors are crucial in the
development of scleroderma [2].
There are ongoing studies into the establishment of
specific genes associated with SSc, and even particular
genes connected with organ involvement [24–26]. It is clear,
however, that gene prevalence is not the only a determinant
as to whether a person will develop this kind of disease or
not, there are also other factors that can play a role. There are
numerous studies on the environmental and occupational
factors associated with SSc onset. Sometimes, the factor is
relatively easy to establish, but in a majority of cases, such
an association, remains unclear or a cumulative influence
must be taken into consideration.
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The presented review is an attempt to summarize the
already known factors playing a role in SSc onset (such as
silica and organic solvents), and recent data concerning
other environmental and occupational factors (air pollution,
asbestos, drugs, breast implants, dyes and heavy metals).

study population was relatively small and such a frequency
was to be expected [40]. Nevertheless, Gold et al. reported
an increased risk of death in patients with scleroderma and
previous exposure to asbestos. Further study is still required
before any firm conclusions can be reached.

State of knowledge – Silica. The pathogenic mechanisms of
crystalline silica in the development of SSc remain unclear
[27]. Silica is known to be a T cell adjuvant. Activated T cells
(mainly Th17 and Th1) start to trigger the inflammatory
process (higher concentration of pro-inflammatory
cytokines, such as: tumour necrosis factor TNF, interferon
gamma, interleukin 17A in bronchoalveolar lavage fluid in
experimental models), which causes the development of
fibrosis due to the activation of fibroblasts [28, 29].
The first report of the onset of scleroderma in connection
with occupational factors was provided by Bramwell in 1914,
regarding two Scottish stonemasons [30]. In 1957, Erasmus
also reported a higher number of scleroderma patients in 17
gold miners working with silica dust [31]. It was evaluated
that patients exposed to silica dust have a 25 times higher
risk of scleroderma, and an even 110 times higher risk with
frank silicosis [32]. In 2014, a case-controlled study showed a
strong association between systemic sclerosis and silica dust
exposure, as well as a higher risk in the male population,
and was associated with a higher cumulative exposure
score [33].
Silica exposure has also been linked to SSc severity (a
higher Rodnan’s scale score, digital ulcers, interstitial lung
disease and lower vital parameters, such as forced vital
capacity, vital capacity, left ventricular ejection volume,
and a diffusing of lung capacity for carbon monoxide) [33].
Survival rates are lower in SSc patients exposed to silica
than in those with its ‘idiopathic’ form [34]. The majority of
patients exposed to silica dust were foundry or construction
workers and roofers [33].

Smoking and drugs. Cigarette smoking is known to have
a negative effect on vascular and pulmonary outcomes
in scleroderma patients. However, there is no evidence
confirming SSc onset due to smoking itself.
Certain drugs are considered to be associated with the
induction of sclerosis, such as bleomycin or paklitaksel [41].
Cocaine has been linked to scleroderma-like syndromes [41,
42], whereas a recent review paper has shown that there is no
firm evidence of a correlation between drugs (anorexigens,
pentazocine, bromocriptine, I-tryptophan) and SSc onset
[27]. The authors indicate that their data and recent literature
review are insufficient to establish a causative link between
drugs and SSc onset [27].

Organic solvents and other chemicals. There are numerous
reports on the association of scleroderma with organic solvents,
including different compounds, i.e. white spirit, aromatic,
aliphatic-chain, chlorinated solvents, ketones and welding
fumes) [27, 35–37]. These substances are commonly used in
dry cleaning, welding, painting, varnishing, glue solvents,
nail-polish removers and industry (petrol, pharmaceuticals,
epoxy resin, and vinyl chloride manufacturing). Workers in
such industries and other similar industries are particularly
at risk.
In May 1981, there was an epidemic of a previously
unrecognized multisystem scleroderma-like disease in Spain
[38]. It was been caused by rapeseed cooking oil polluted by
aniline.
Other factors – Air pollution. Particulate emissions from
diesel engine exhausts has been associated with fibrosis [1].
Diesel nanoparticles stimulate pro-inflamatory and profibotic processes in human skin causing fibrosis. However,
a formal link between air pollution and SSc onset is yet to
be proved [39].
Asbestos. To-date, asbestos exposure has not been strongly
linked with any particular autoimmune or connective tissue
disorder [40]. Although Noonan et al. in 2006 showed an
association between asbestos exposure and scleroderma, the

Silicone. A report by Maria I et al. established that there is
no correlation between silicone breast implants (SBI) and SSc
onset [27]. However, Saiqusa et al. have recently investigated
the association of SBI history with the development of SSc
positive for anti-RNAP III antibody [43]. Among Japanese
patients there was a higher number of women with a history
of silicone breast implants and anti-RNAP III antibody,
compared with the anti-TOPO I and the ACA group. The
research findings remain very inconclusive.
Heavy metals. As in other autoimmune diseases, such as
rheumatoid arthritis or systemic lupus erythematosus, a
link with occupational exposure to heavy metals has been
established [44, 45]. A recent case-controlled study by Maria I
et al., using a hair sample analysis, investigated the risk of SSc
in patients exposed to heavy metals [46]. The concentrations
of different heavy metals are usually 10 times higher in hair
than in urine or blood samples. In the study, 100 patients with
SSc and 300 controls were enrolled. Unlike the SSc patients,
all controls came from the same region, i.e. Normandy in
France. The study showed that there is a correlation between
SSc and exposure to antimony, cadmium, lead, mercury,
molybdenum, palladium and zinc [46].
Diet. Although there are no studies that show a direct
influence of diet and food on SSc onset, a recent small
case-controlled study (19 SSc patients and 20 controls) by
Hughes M. et al. assessed that the selenium concentration
of a SSc patient’s serum was significantly lower than that
of the controls [47]. During the last few years, the role of
selenium as an antioxidant has been emphasized in the
orbital fibrosis process in Graves-Basedow disease [48].
Selenium abolishes some of the effects of oxidative stress
in orbital fibroblasts, namely, increased proliferation and
secretion of pro-inflammatory cytokines [48]. If reduced
selenium levels contribute to oxidative stress (implicated in
the pathogenesis of SSc) and to fibrosis, then supplementation
could represent a simple therapeutic target for intervention
[47]. Perhaps studies regarding selenium concentration
in soil and water and SSc onset, or in the course of the
disease, may demonstrate the role of selenium deficiency in
profibrotic and oxidative stress processes, as in the studies
by Aleksandrowicz J. et al. showing, for example, the role of
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magnesium deficiency in leukaemia development among the
population of the Kraków region in Poland [49–53].
CONCLUSIONS
There are numerous studies that suggest a relationship
between SSc and environmental and occupational factors.
A marked correlation of SSc onset was established in
occupational exposure to different agents: crystalline silica
dust and organic solvents (such as white spirit, ketones,
aromatic, aliphatic-chain, chlorinated solvents, welding
fumes); however, as yet, there is insufficient data to establish
further correlation. Asbestos and air pollution (diesel
engine exhausts) are factors that may play a role in SSc
onset. Other factors (e.g. silicone breast implants, exposure
to heavy metals, selenium deficit) also need to be further
investigated.
It has been shown that the severity of SSc and SSc outcomes
are strongly connected with environmental factors. Exposed
patients tend to develop more severe forms of SSc (higher
Rodnan’s scale score, larger number of digital ulcers, ILD,
poorer survival outcomes), and it would therefore be of
great clinical value to establish the potential occupational
or environmental factors more precisely.
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