
Systemic sclerosis (SSc) has been defined as a generalized
disorder of the small arteries, microvessels, and the diffuse
connective tissue, characterized by scarring (fibrosis) and
vascular obliteration in the skin, gastrointestinal tract, lungs,
heart, and kidneys1. Pulmonary involvement, diffuse cuta-
neous extent, and presence of antitopoisomerase I antibody
(anti-topo I) are usually associated and constitute worsening
factors of the disease2. In contrast, absence of pulmonary
involvement, limited cutaneous extent and presence of anti-
centromere antibodies (ACA), which are often associated,
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ABSTRACT. Objective. To investigate a potential association between occupational risk factors and severity
markers of systemic sclerosis (SSc) defined by diffuse cutaneous extent, pulmonary involvement,
and immunologic profile, i.e., presence of antitopoisomerase I antibody (anti-topo I).
Methods. Occupational exposures were assessed in 105 patients with SSc from 1998 to 2002.
Exposures to silica dust, welding fumes, solvents, and epoxy resins were investigated. A group of 39
exposed SSc patients and a group of 66 unexposed ones were identified and compared according to
severity markers of SSc. The stage of cutaneous extent was defined according to the classification
of Leroy, as limited scleroderma (lSSc) or diffuse scleroderma (dSSc). Respiratory status was
defined by pulmonary function tests and high resolution computed tomography. Immunological pro-
file was determined by the presence of anti-topo I or anticentromere antibodies (ACA). Statistical
relationships between occupational exposures and severity markers of SSc were evaluated using a
multiple correspondence analysis and Fisher’s exact test.
Results. Diffuse scleroderma affected mainly patients exposed during their occupational life to toxic
agents. There were significant or close to significant associations between toxic exposure and dSSc
(p = 0.06), pulmonary involvement (p = 0.10), and negative ACA (p = 0.03). The most incriminated
products seemed to be epoxy resins (p = 0.06), white spirit (p = 0.07), aromatic solvents (p = 0.07),
and silica coupled to welding fumes (p = 0.10).
Conclusion. Our results indicate that occupational toxic factors have an influence on the severity of
SSc. (J Rheumatol 2005;32:1713–8)
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are good prognostic factors. The etiology of SSc is unknown
but both endogenous and exogenous factors are probably
involved. In a recent study, we confirmed the influence of
occupational risk factors, i.e., crystalline silica, chlorinated
solvents, especially trichlorethylene, welding fumes, and
any type of solvents in the occurrence of SSc3. The way
occupational factors act on SSc is not clear4. Regarding sil-
ica, Haustein, et al suggested that small inhaled particles of
quartz coming into contact with the lung were probably
responsible for immunological changes5. For chemical tox-
ics, Goldman suggested that solvents may stimulate cuta-
neous sclerosis by penetrating through the skin and denatu-
rating proteins6. Nietert, et al reported a solvent-disease
association significantly higher in SSc patients positive for
anti-topo I than in negative patients, suggesting the role of
certain solvents in particular autoimmune situations7,8.
Based on these reports, we hypothesized that exposure to
occupational toxic factors may influence the severity of SSc,
as defined by severity markers, i.e., cutaneous extent, pul-
monary involvement, and presence of anti-topo I. To inves-
tigate this potential association, we carried out a prospective
study in our SSc population from 1998 to 2002 based on
assessment of both SSc severity markers and exposure to
occupational risk factors.
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MATERIALS AND METHODS
Study population. One hundred five incident or prevalent SSc cases admit-
ted consecutively to the Department of Internal Medicine at the University
Hospital of Tours from 1998 to 2002 were included in the study. SSc was
defined according to the American College of Rheumatology criteria and
patients with localized variants of scleroderma were therefore excluded1.
There were 88 women and 17 men, 19 to 82 years of age (mean age 56 yrs).
Time from diagnosis of SSc to inclusion in the study ranged from 1 month
to 33 years (mean 10.8 yrs). Eighty-two patients were nonsmokers and 23
were smokers or ex-smokers. Patients with recent history or signs of respi-
ratory infection at time of the study and patients with pulmonary hyperten-
sion, defined as an estimated pulmonary artery systolic pressure > 30 mm
Hg on Doppler echocardiography, were excluded because of the possibili-
ty of interferencee with the DLCO results.

Assessment of occupational risk factors. All subjects agreed to a 30 minute
interview by a trained investigator who was blinded to patients’ clinical sta-
tus. A structured questionnaire was used for data for socioeconomic and
personal characteristics and complete medical and occupational histories.
Exposure to silica dust, silicon, vinyl chloride, welding fumes, solvents
(chlorinated and aromatic solvents, white spirit, ketones), epoxy resins, and
pesticides, hand-arm vibration, and lifestyle (e.g., gardening, do-it-your-
self) were specifically investigated. Patients were also questioned about
other potential confounding factors such as silicone implants, cosmetic sur-
gery, and hair dyeing.

A committee of 6 experts comprising 3 occupational physicians, 2 epi-
demiologists, and an industrial hygienist, who were blinded to patients’
clinical status, was set up to assess occupational exposure based on the
interview. Exposure assessments to silica and welding fumes, solvents
(chlorinated solvents, aromatic solvents, white spirit, and ketones), and
epoxy resins were classified as exposure or no-exposure according to prob-
ability, intensity, frequency, and duration of exposure, and based on the
experts’ knowledge of the industrial process and its evolution over time. All
employment periods in which a subject had worked for more than 6 months
were recorded. For each patient, only employment periods prior to the diag-
nosis were included. This led to definition of 2 groups of patients: a group
of 39 SSc patients exposed to occupational toxic agents and a group of 66
unexposed SSc patients.

Methods. All patients had investigations to assess SSc severity. This was
based on clinical evaluation for the cutaneous extent, pulmonary function
tests (PFT) and high resolution computed tomography (HRCT) for the pul-
monary involvement, and autoantibody status for the immunological
disorder.

Cutaneous extent. The extent of cutaneous disease was classified according
to Leroy, et al9. Two types were defined: limited scleroderma (lSSc) when
skin involvement did not extend beyond the elbows or the knees with or
without facial involvement, and diffuse scleroderma (dSSc) when cuta-
neous sclerosis extended proximal to the elbows or knees and usually
involving the trunk. This classification was chosen according to studies
incriminating the diffuse cutaneous extent as a poorer prognosis factor at
the onset of the disease10.

Pulmonary involvement. Pulmonary involvement was assessed with PFT
and HRCT.

Pulmonary function tests. Forced inspiratory and expiratory flow volume
curves and absolute lung volumes were measured in a constant volume
Sensor Medics 2800 plethysmograph (Sensor Medics Inc., Anaheim, CA,
USA). A 10 s single-breath DLCO test (Morgan, Kent, UK) was carried
out. For smoker patients, tobacco was stopped 72 hours before the test.
Results were expressed as percentage of normal values predicted for age,
height, and sex11,12. Pulmonary function was considered normal when total
lung capacity (TLC) was ≥ 80% and DLCO ≥ 75% predicted12.
Pulmonary function was considered abnormal when TLC was < 80%
and/or DLCO < 75% predicted13.

High resolution computed tomography. All patients underwent HRCT chest

scans with a CT Hispeed (GE, Milwaukee, MN, USA) as described14,15.
HRCT were read by 2 independent radiologists in random order, without
knowledge of the other data.

Based on previous study, a HRCT total score from 0 to 30, according to
the severity and extent of the disease, was determined for each patient16.
HRCT was considered to be normal when the HRCT total score was ≤ 7
or abnormal when the HRCT total score was > 717.

Patients were considered to have pulmonary involvement when PFT
were abnormal and HRCT was normal, or PFT normal and HRCT abnor-
mal, or both abnormal; in contrast, patients were considered to have no pul-
monary involvement when both PFT and HRCT were normal.

Autoantibody detection. Anticentromere status was detected by indirect
immunofluorescence using human epithelial cells (HEp-2) as the substrate
and fluorescein conjugated rabbit anti-human Ig (Zeus Technologies, Cap
Bio, La Varenne, France) at an initial dilution of 1:50.

The presence and level of anti-topo I IgG antibodies were determined
by a commercial ELISA (BDM, Marne la Vallée, France). Anti-topo I were
considered negative if ≤ 30 U and positive if > 30 U18.

Severity markers of SSc. Patients were considered to have severity markers
of SSc when they had diffuse cutaneous extent and/or pulmonary involve-
ment and/or positive anti-topo I. Conversely, they were considered to have
mild SSc when they had limited cutaneous extent, no pulmonary involve-
ment, and positive ACA.

Statistical analysis. Descriptive analysis. A multiple correspondence analy-
sis (MCA) was performed to correlate measurements from variables (sever-
ity markers and toxic exposures) evaluated in the 105 SSc patients. MCA
is a descriptive multivariate (multifactorial) method used to visualize a
large number of variables on the same graph and to estimate the statistical
relationships between variables. Where conventional statistics cannot be
performed for reasons of sample size and/or qualitative and quantitative
complexity of variables, a descriptive multivariate analysis is useful to
assemble different parameters with respect to several variables previously
determined. This method is usually used in the biological domain to study
a variety of interactions19 or to compare the evolution of diseases in ani-
mals20. In this study, classical statistics (calculation of significance based
on mean parameter and normal distribution) were not applicable because of
the limited number of patients in relation to the relative rarity of SSc and
toxic exposure, whereas the MCA was particularly adapted to this small
number of patients. However, this did not exclude analysis of inferential
statistics based on nonparametric tests.

Data were submitted to the MCA using SPAD software21. The analysis
included the following steps: patients were identified according to the
severity markers of SSc (cutaneous sclerosis, pulmonary involvement, anti-
topo I, and ACA status). These severity markers were designed as the active
variables of the study. For the requirements of the MCA, the active vari-
ables were defined as qualitative variables. The qualitative variables relat-
ed to cutaneous extent were classified into 2 categories: limited cutaneous
and diffuse cutaneous. The qualitative variables related to pulmonary
involvement were classified into 4 categories: normal PFT and normal
HRCT, abnormal PFT and normal HRCT, normal PFT and abnormal
HRCT, abnormal PFT and abnormal HRCT. Qualitative variables related to
anti-topo I status were classified into 2 categories: negative anti-topo I and
positive anti-topo I. Qualitative variables related to ACA detection were
classified as negative ACA or positive ACA. This resulted in the creation
of 10 categories. Six potential toxic exposures (chlorinated solvent, aro-
matic solvent, white spirit, epoxy resins, ketones, silica coupled with weld-
ing fumes) were used as supplementary qualitative variables divided into
12 categories related to the exposure or no exposure to each toxic agent
(Table 1). MCA constructs a space in which 2 different categories of active
variables are close together if they simultaneously appear several times in
patients. For example, if limited cutaneous is frequently associated with
positive ACA, these 2 categories will be related in the space.

The different categories of active variables are positioned in a multidi-
mensional space, the number of dimensions of the space being proportion-
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al to the number of categories of active variables. To observe the distance
between categories on a 2-dimensional graph, the cloud of categories is
projected on a plane of 2 orthogonal factors, F1 and F2. These factors were
chosen as the most representative of the global variance of the cloud. The
proportion of the global variance expressed by each factor is given on the
graph (Figure 1). The supplementary variables are placed on the graph in
the same manner, according to their proximity with the different categories
of active variables. The DEMOD (DEscription of MODalities) procedure
of MCA allows the statistical characterization of the correlation existing
between each category of variables used in the MCA. The quality of prox-
imity between variables was estimated statistically.

Statistics. The statistical significance between severity markers of sclero-
derma and occupational exposure on the one hand, and among severity

markers of scleroderma themselves on the other hand, was evaluated with
a nonparametric method, Fisher’s exact test. Because several cases of expo-
sure to different categories of toxic products were observed, professional
exposure as a whole was considered in applying tests.

This test allows consideration of a p value < 0.05 as statistically signifi-
cant and a p value between 0.05 and 0.10 as indicating a possible tendency.

RESULTS
Demographics. Thirty-nine patients with SSc (37%) were
exposed to toxic products during their occupational life and
66 patients (63%) were not exposed. No differences were
observed for age (53.5 yrs and 56.8 yrs, respectively), time
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Table 1. Association between severity markers of scleroderma evaluated by Fisher’s exact test.

Pulmonary No Pulmonary Positive ACA, Negative ACA, Positive Negative
Involvement, Involvement, n = 51 n = 54 Anti-topo I, Anti-topo I,

n = 63 n = 42 n = 31 n = 74

Diffuse cutaneous involvement, 28 7 5 30 25 10
n = 35 p = 0.003 p = 0.001 p < 0.0001

Pulmonary involvement, n = 63 22 41 27 36
p = 0.0125 p < 0.0001

Positive ACA, n = 51 0 51
p < 0.0001

ACA: anticentromere antibodies; anti-topo I: antitopoisomerase I antibodies.

Figure 1. Multiple correspondence analysis (MCA) characterizing patients according to severity markers of scleroderma. Categories of active variables appear
in normal characters; categories of supplementary variables are in italic characters. Factor 1 and Factor 2 characterize the plane of projection of the cloud of cat-
egories. They are chosen as the most representative of the global variance of the cloud. The proportion of the global variance expressed by each factor is given
in percentages. Anti-topo I: antitopoisomerase I antibodies; ACA: anticentromere antibodies; PFT: pulmonary function tests; HRCT: high resolution computed
tomography; N: normal; aN: abnormal; expo: exposure to; arom solvents: aromatic solvents; chl solvents: chlorinated solvents; wfum: welding fumes.

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2005.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


from diagnosis to study (range 1 month to 31 yrs and 1
month to 33 yrs). There was a difference regarding sex ratio:
24 women/15 men in the exposed group and 64 women/2
men in the nonexposed group (p < 0.0001). Among the 39
exposed SSc patients, 12 were exposed to only one catego-
ry of solvents, 8 to several solvents, 3 to solvents and epoxy
resins, 2 to silica alone, 3 to silica and welding fumes, 4 to
solvents and silica coupled to welding fumes, and 7 to sol-
vents, epoxy resins and silica coupled to welding fumes.

Descriptive multivariate analysis. Description of the whole
SSc population according to severity and mild markers of
scleroderma is presented in Figure 1. Two groups of cate-
gories are contrasted in Figure 1. The first subgroup is on
the left: it puts together the categories diffuse cutaneous dis-
ease, abnormal PFT and abnormal HRCT, abnormal PFT
and normal HRCT, positive anti-topo I, and negative ACA.
These categories correspond to severe markers of scleroder-
ma. The second subgroup, on the right, combines all the
opposites of the preceding categories, i.e., limited cutaneous
disease, normal PFT and normal HRCT, negative anti-topo
I, and positive ACA. These categories refer to mild markers
of scleroderma. In the same way, all categories of toxic
exposures are in the upper left quadrant of the graph, close
to the categories of severe markers of scleroderma, espe-
cially for exposure to epoxy, white spirit, ketones, and silica
coupled to welding fumes. Conversely, all categories of no
exposure to environmental factors are in the upper right
quadrant, close to the categories of mild markers of sclero-
derma. The result of the DEMOD procedure of SPAD sta-
tistically confirmed the observations of the descriptive
analysis: severe markers of scleroderma were statistically
associated and mild markers of scleroderma were associated
as well. Further, each single severity marker correlated neg-
atively with all markers of mild scleroderma. In the same
way, a statistical association of proximity existed between
the category dSSc and the categories exposure to epoxy
resins (p = 0.06), to white spirit (p = 0.07), to aromatic sol-
vents (p = 0.07), and to silica coupled to welding fumes 
(p = 0.10).

Statistics. Fisher’s exact test confirmed the results of the
DEMOD procedure of SPAD (Table 1): a statistical signifi-
cance existed between each marker of severity (p < 0.0002
in all cases).

Considering toxic exposures in general, a statistical asso-
ciation was found with negative ACA (p = 0.03), dSSc (p =
0.06), and pulmonary involvement (p = 0.10) (Table 2).

No relationship was found between positive anti-topo I
and toxic exposures.

DISCUSSION
Our study reveals an association between toxic exposures
and severity markers of scleroderma: toxic products are
associated with the more severe forms of SSc, and mild
forms of SSc are found in unexposed patients. Further, it

confirms the previously reported association between these
severity markers, which are pulmonary involvement, diffuse
cutaneous extent, and positive anti-topo I. These factors are
usually associated, and constitute poor prognostic factors
for the disease2,22. This study also confirms that exposed
SSc patients are men in the majority. To exclude a possible
bias because men can be overexposed to occupational fac-
tors compared to women, a subanalysis was conducted in
the 88 women, which found, indeed, the same relationship
between exposure and severity extent (data not shown).

Concerning the cutaneous extent and exposure to silica,
very few data are currently available. MacHugh, et al found
only 3 of 14 patients with silicosis-associated scleroderma
presented with diffuse skin sclerosis23. The authors suggest-
ed a possible regression of the cutaneous involvement due to
a long duration of disease. According to Rustin, et al, 3 of
17 patients exposed to silica and who developed SSc had
dSSc24. For Haustein, et al the clinical and laboratory data
revealed that common markers of reference scleroderma
were also present in silica-associated scleroderma, with no
difference in percentages25. A majority of exposed patients
in our study were found to be exposed to solvents. Very few
and conflicting data have been reported on chemical expo-
sure in scleroderma and cutaneous sclerosis. In 1998,
Nietert, et al suggested that extent of cutaneous severity
may be related to solvent exposure7. However, this sugges-
tion was not confirmed by Czirjak and Kumánovics in 2002,
in a study limited to 10 patients with dSSc26.

Regarding respiratory status, no data exist on pulmonary
involvement and chemical-associated scleroderma.
Pulmonary involvement is only suggested in studies on sili-
ca-associated scleroderma, but the part of scleroderma and
silicosis is not always defined. Rustin, et al report that 16 of
17 patients exposed to silica and who developed SSc had
bibasilar pulmonary fibrosis on chest radiographs24.

In relation to antibody status, the relationship between
associated scleroderma and immunological markers is sug-
gested more often. In our study, no relationship was found
between positive anti-topo I and toxic exposure. However,
the category of patients with positive ACA, a marker of
good prognosis, is associated with absence of exposure,
reinforcing our hypothesis. Garabrant and Dumas also
found no significant difference for any solvent exposure
between cases who had positive anti-topo I and those who
had negative anti-topo I27, but ACA status was not exam-
ined. In Czirjak and Kumánovic’s study, positivity of anti-
topo I or ACA was similar in cases with and those without
toxic exposure26. In other studies, anti-topo I scleroderma
cases seemed to be statistically related to solvents and sili-
ca7,8,23,24, which was the opposite of our own findings. Yet
MacHugh, et al found anti-topo I were the predominant
autoantibodies in patients with silica-associated scleroder-
ma23. In Nietert’s study, cases exposed to trichlorethylene
with positive anti-topo I presented an increased risk com-
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pared to cases with negative anti-topo I7. Further, odds of
practicing high cumulative solvent-oriented hobbies were
almost 3 times greater among SSc patients positive for anti-
topo I than among patients who were negative8. In these 2
studies, there were no data comparing exposed cases and
unexposed cases. Nevertheless, this is in accord with our
results, since diffuse SSc was significantly associated with
positive anti-topo I in our patients.

Several case reports and case-control studies tend to sup-
port the role of toxic products in inducing scleroderma,
especially silica and solvents28,29. Because of frequent
mixed exposures, the exact role of each toxic agent in the
clinical manifestations of scleroderma is difficult to esti-
mate30. According to the DEMOD procedure of SPAD,
which considers rough data, epoxy resins, white spirit, and
aromatic solvents and to a certain extent silica coupled with
welding fumes seemed to be the most closely implicated to
diffuse cutaneous sclerosis. No result was found with chlo-
rinated solvents and with ketones. However, the mecha-
nisms of the relationship between occupational factors and
autoimmune diseases including SSc, and the influence of
toxic factors on clinical manifestations, are not clear4. It
seems that silica is responsible for changes in cellular and
humoral response associated with depression of T cell func-
tion31. Haustein and colleagues suggested that small inhaled
particles of quartz coming into contact with the lungs were
probably responsible for immunological changes, such as
stimulation of the production of macrophages, interleukin 1
(IL-1), platelet derived growth factor, and fibronectin25.
Regarding chemicals, Goldman suggested that solvents may
stimulate SSc by penetration through the skin, inducing
denaturation of proteins and then stimulation of autoimmune
responses6. Bovenzi, et al hypothesized that solvents have
double penetration, through the skin and by inhalation, made
possible by their high volatility32. However, the differences
of clinical manifestations between exposed and unexposed
cases cannot be explained by the humoral response, since
there was no difference in anti-topo I status between the 2
categories. Our results tend to support the hypothesis that
toxic agents may amplify the cellular response rather than
the humoral response, acting as fibrogenic stimuli in the
sites where they are deposited (mainly skin or lungs), by
increasing the release of IL-1, IL-6, tumor necrosis factor-α,

and transforming growth factor-ß25,33. Thus, silica and sol-
vents, by their double penetration through the skin and
lungs, are found to induce diffuse cutaneous sclerosis and
pulmonary involvement.

Our study demonstrates that occupational toxic factors
influence the severity of SSc, defined by its diffuse cuta-
neous extent, pulmonary involvement, and immunologic
profile. The main agents implicated with diffuse cutaneous
sclerosis seem to be epoxy resins, white spirit, and aromatic
solvent. Thus, it is essential to investigate occupational risk
factors among patients with SSc in order to stop continued
toxic exposure.
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