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Objective. Birth order has been valuable in revealing the role of environmental influences on the risk of developing
certain diseases such as allergy and atopy. In addition, pregnancy has profound effects on the immune system such as
short-term effects that permit fetal survival as well as longer-term effects that could influence late-onset diseases. In order
to better evaluate these influences, we studied the association of birth order and gravidity/parity as risk factors for
systemic sclerosis (SSc; scleroderma).

Methods. Data regarding SSc cases and their unaffected sibling controls were obtained from the Scleroderma Family
Registry and DNA Repository. The case-sibling design was used to minimize confounding due to differences in age, race,
ethnicity, or calendar time. The gravidity/parity analysis was based on sibships with at least one SSc-affected and one
unaffected sister.

Results. Birth order was examined in 974 sibships, comparing SSc cases (n = 987) with their unaffected siblings (n =
3,088). The risk of scleroderma increased with increasing birth order (odds ratio [OR] 1.25, 95% confidence interval [95%
CI] 1.06-1.50 for birth order 2-5; OR 2.22, 95% CI 1.57-3.15 for birth order 6-9; and OR 3.53, 95% CI 1.68-7.45 for birth
order 10-15). Gravidity/parity was analyzed in 168 sibships (256 unaffected sisters, 172 SSc cases). We found an
association between a history of one or more pregnancies and SSc (OR 2.8).

Conclusion. Birth order and pregnancy were independently associated with a higher risk of developing SSc. These
findings suggest that immune development in early childhood and/or pregnancy-associated events, including but not
limited to microchimerism, plays a role in SSc susceptibility.

INTRODUCTION

The cause of systemic sclerosis (SSc; scleroderma) is un-
known. Evidence suggests that both environmental and
genetic factors play a role, but the nature and magnitude of
each has yet to be determined. The hygiene hypothesis
states that lack of early childhood exposure to infectious
agents modulates immune system development and pre-
disposes to diseases such as allergy and atopy (1). Regard-
ing rheumatic diseases, only 3 studies have addressed
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disease development in the context of birth order: one in
systemic lupus erythematosus (2), one in rheumatoid ar-
thritis (3), and one in juvenile idiopathic arthritis (4). None
of these studies found an association between birth order
and disease occurrence, but only the juvenile idiopathic
arthritis study was adequately powered and designed to
address the question. Studies of birth order as a risk factor
in the development of SSc have not been previously re-
ported.

The role of gravidity and parity in SSc is particularly
relevant because microchimerism (the persistence of one
individual’s cells in another individual) is proposed as
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an etiologic factor (5—8). Iatrogenic microchimerism dur-
ing hematopoietic cell transplantation manifests as graft-
versus-host disease with distinct clinical complications
similar to scleroderma (9,10). However, natural micro-
chimerism, which is cell transfer between mother and
fetus during pregnancy resulting in the presence of small
populations of genetically distinct cells in each individ-
ual, is a newer concept. Decades-long persistence of these
retained foreign cells has been proposed as a contributing
factor in autoimmune disease pathogenesis (6,11). Micro-
chimerism has been well documented in both SSc patients
and healthy individuals, which obscures its direct role in
SSc pathogenicity (7,8). Previous studies of the role of
microchimerism in the development of SSc provide con-
flicting data, with some studies proposing that pregnancy
is protective against SSc (6,12,13), while others report that
pregnancy-related phenomena may contribute to SSc de-
velopment (14,15).

Based on the theories of the hygiene hypothesis, micro-
chimerism, and other pregnancy-related immune effects,
we hypothesized that birth order and parity would impact
the development of SSc. To better understand this impact,
we studied the association of birth order and gravidity/
parity with disease development and clinical manifesta-
tions in a large cohort of SSc subjects and sibling controls.

PATIENTS AND METHODS

Patients. Patients (i.e., index probands) and their first-
degree relatives were members of the Scleroderma Family
Registry and DNA Repository (Scleroderma Registry) as
well as the Genes versus Environment in Scleroderma
Outcome Study cohort. Probands were recruited from the
clinical practices of the investigators and other rheuma-
tologists in the US and from appeals to the Scleroderma
Foundation patient support groups. Only siblings of the
index probands were eligible for this study. Not all first-
degree relatives were captured in the registry since family
members tended to be scattered geographically and may
not have been as motivated to participate as the index case.
Demographic characteristics, family history, birth order,
number of pregnancies, and number of live births were
determined by a questionnaire. Subjects, including index
probands and first-degree relatives, provided written in-
formed consent, and the study was approved by the Insti-
tutional Review Board of the University of Texas Health
Science Center at Houston.

Medical records were obtained on all SSc cases (i.e., all
index probands and their SSc-affected siblings) to verify
the diagnosis and to characterize the disease. Cases either
met the 1980 American College of Rheumatology (for-
merly, the American Rheumatism Association) prelimi-
nary classification criteria (subcommittee for SSc) (16,17)
or had at least 3 of the 5 CREST syndrome features (calci-
nosis, Raynaud’s phenomenon, esophageal dysmotility,
sclerodactyly, and telangiectasias) (16,17). Both multicase
and singleton SSc families were included. The database
included clinical disease characteristics such as extent of
skin involvement (limited cutaneous SSc [lcSSc] versus

diffuse cutaneous SSc [dcSSc]), disease manifestations,
and date of disease onset.

Autoantibody determination. Autoantibodies, includ-
ing antinuclear antibodies (ANAs), anti—topoisomerase I
(anti—topo I), and anti-RNA polymerase III (anti-RNAP
I1I), were determined on SSc cases by the rheumatology
laboratory at the University of Texas Health Science Cen-
ter at Houston. ANAs were detected by indirect immuno-
fluorescence using HEp-2 cells (Antibodies, Davis, CA)
and were considered positive at a titer of =1:80. Anticen-
tromere antibodies (ACAs) were determined by the pattern
of immunofluorescence. Anti—topo I antibodies were de-
termined by immunodiffusion against calf thymus extract
with commercial kits (Inova Diagnostics, San Diego, CA),
and anti-RNAP III antibodies were determined by en-
zyme-linked immunosorbent assay (MBL, Nagoya, Japan).

Study design and statistical analysis. The case-sibling
design, a variation of the case—control approach (18), was
applied. Each SSc case was compared with one or more
unaffected siblings (as controls) within the same family.
Sibship was defined as a group of individuals having the
same mother. Index probands without siblings (n = 112)
were excluded from our analysis as required by the case-
sibling design. This design minimizes possible confound-
ing due to case—control differences in age, race, ethnicity,
calendar time, or sibship size. The primary independent
variables of interest were birth order among all siblings
and gravidity and parity for the female siblings in the
study.

Gravidity for SSc cases and their unaffected sisters was
classified into 4 categories: never pregnant (reference
group; odds ratio [OR] 1), one or more pregnancy losses
without any live births, one or more pregnancy losses with
one or more live births, or one or more live births without
pregnancy loss. Pregnancy loss was defined as either a
spontaneous abortion (miscarriage) or an elective termina-
tion. The data were modeled with conditional logistic
regression analysis using each index proband as the con-
ditioning unit, which is the standard method for the case-
sibling design.

We also examined covariates (i.e., sex, birth year, and
mother’s and father’s ages at participant’s birth) as poten-
tial confounders of the association between birth order and
SSc using multivariable conditional logistic models. Be-
cause female sex is a strong risk factor for SSc, and because
birth order is so strongly correlated with maternal/paternal
age at birth (19), we examined whether the magnitude of
association between birth order and SSc changed by
>15% after adjusting for these covariates (20). The poten-
tial modifying effect of covariates was assessed by includ-
ing appropriate cross-product interaction terms (e.g., sex X
birth order) in the logistic modeling. The magnitude of
association between SSc development and birth order and
gravidity/parity were estimated from the logistic regres-
sion models using ORs, their corresponding 95% confi-
dence intervals (95% CIs), and P values. Age at the time of
the questionnaire was included as a covariate for the ana-
lyses of gravidity and parity.
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Table 1. Demographic features of the study population

SSc disease onset, mean/median * SD years
Birth year, mean/median + SD years
Race, %
White
African American
>1 race
Other
Ethnicity, %
Hispanic
Non-Hispanic

Birth order Pregnancy
analysis analysis

SSc-affected subjects, no. 987 172
Sibships, no.* 974 168
Unaffected siblings, no. 3,088 256
Women, %

SSc cases 89.2 100

Unaffected siblings 50.5 100

41.24/42.20 * 12.89
1952/1951 * 12.72

43.71/44.35 * 13.63
1951/1950 * 13.57

87 91
9 7
2 1
2 1
11 5
89 95

* Sibship number differs from number of probands due to the presence of 12 multicase families, including
one family with 3 sibling systemic sclerosis (SSc) cases.

Sibships were subgrouped by scleroderma-specific auto-
antibody status (ACAs, anti—topo I antibodies, and anti—
RNAP III antibodies) and extent of skin involvement
(lcSSc versus dcSSc) of the index SSc probands and were
evaluated in stratified analyses to test whether the associ-
ation between SSc and birth order was modified by the
differences among probands in these clinical features. We
tested the homogeneity of the association between birth
order and SSc development across subgroups defined by
the SSc proband’s antibody status (positive or negative)
and extent of skin involvement. The same subgroup ana-
lysis strategy and tests for homogeneity were applied to
examine the association between SSc and gravidity/parity.
Analyses were conducted with STATA statistical soft-
ware, version 10 (StataCorp, College Station, TX).

RESULTS

We identified 974 sibships with 4,075 siblings, 987 of
which had SSc. There were 12 multicase families. Birth
order was examined in the 974 sibships comparing the 987
SSc cases with their unaffected siblings (n = 3,088). De-
mographic characteristics of SSc probands and their sib-
ling controls for both the birth order and pregnancy ana-
lyses are shown in Table 1. Most families included in the
analysis were white and non-Hispanic. In the birth order
part of the study, the average age of SSc onset was 43.71
years for the cases, and mean year of birth for all subjects
(cases and sibling controls) was 1951. As expected for SSc,
women comprised 89.2% of the SSc cases but only 50.5%
of the sibling controls in the birth order analyses.
Sibships with at least one female SSc case and one
unaffected sister (168 sibships, 172 SSc cases, 256 unaf-
fected sisters) with complete pregnancy history data were
included in the analyses of pregnancies and live births
among sisters. Average age of SSc onset was 41.24 years for
the cases that were included in the pregnancy analysis, with
mean year of birth of 1952 for the cases and sister controls.

Birth order. Family size ranged from 2—-15 siblings with
a mean of 3.2 siblings. As expected, most families had a
sibship size between 2 and 5 (n = 772 families). However,
166 families had sibship sizes between 6 and 9, and 36
families had sibship sizes between 10 and 15. This sub-
stantial proportion of larger families is more typical of
family sizes seen in the 1940s and 1950s, reflecting the
presence of older individuals in this population (mean
year of birth in the birth order analysis 1952, mean age 56
years). We found that the risk of scleroderma increases
with increasing birth order as shown in Table 2 (OR 1.25
for birth order 2—5, OR 2.22 for birth order 6—9, and OR
3.53 for birth order 10-15). For example, 257 SSc pro-
bands were first born, and 635 SSc probands had a birth
order between 2 and 5. First-born children were used as
the reference group.

As expected, male sex was significantly protective
against SSc (OR 0.12, 95% CI 0.09-0.15), i.e., female sex
was a significant risk factor for SSc (reciprocal OR 8.33).
However, inclusion of the sex covariate in the conditional
logistic regression model had negligible influence on the
magnitude of association between SSc and birth order,
suggesting no confounding by sex. Sex was not an effect
modifier (i.e., the interaction term, sex X birth order was
very close to 1.0 and not significant) (data not shown),
suggesting that higher birth order increased the risk of SSc
in male as well as in female siblings.

Neither maternal nor paternal ages at the participants’
births were significant covariates in the multivariable lo-
gistic models, and neither covariate appeared to act as a
confounder of the association between SSc and birth order
(data not shown).

We also addressed the association of scleroderma-
specific antibodies and/or the extent of skin involvement
(leSSc versus dcSSc) between SSc and higher birth order.
The ORs did not differ between positive and negative
antibody subgroups (P > 0.05 for all homogeneity tests). In
addition, extent of skin involvement was not significant in
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Table 2. Association between birth order and SSc prevalence*

Unaffected siblings

SSc probands (controls)
Birth order (n = 987) (n = 3,086) OR P 95% CI
1 (n = 974) 257 717 1 (ref.)
2-5 (n = 2,560) 635 1,925 1.25 0.010 1.06-1.50
6—9 (n = 469) 82 387 2.22 < 0.001 1.57-3.15
10-15 (n = 72) 15 57 3.53 0.001 1.68-7.45

* SSc = systemic sclerosis; OR = odds ratio; 95% CI = 95% confidence interval.

modifying the influence of birth order (OR 1.36, 95% CI
1.15-1.61; P > 0.05 for lcSSc and OR 1.34, 95% CI 1.10—
1.63; P > 0.05 for dcSSc). Not all SSc cases had all anti-
bodies tested, so total numbers varied between antibody
subset groups. Families were classified by the antibody
status of the SSc index proband. For example, if the index
proband was centromere positive, the entire sibship was
classified as centromere positive as well. Effect modifica-
tion by these clinical features was not apparent.

Gravidity and parity. In the gravidity and parity ana-
lyses (restricted to the subset of female siblings who pro-
vided complete pregnancy histories), there was a signifi-
cant association between history of one or more
pregnancies and SSc (Table 3). Because the ORs did not
vary across increasing levels of gravidity or parity (increas-
ing numbers of pregnancies or births), results shown in
this table are collapsed across the levels of increasing
gravidity and parity.

We then addressed the association of fetal loss with the
development of SSc as shown in Table 3. A history of one
or more pregnancy losses without any live births had the
strongest association with SSc development (OR 9.56),
although the numbers of affected subjects are quite small
for this comparison (7 SSc probands and 3 unaffected
sisters). Having at least one fetal loss as well as at least one
successful pregnancy resulting in a live birth was also
associated with the development of SSc and the magni-
tude of the OR was slightly greater than the OR of those
with at least one birth without fetal loss.

In multivariable models that included birth order as a
covariate, the adjusted ORs for gravidity and parity were
the same as those estimated from the corresponding uni-
variate models, suggesting that the SSc association with
gravidity and parity was independent of birth order.

We also considered possible bias that could have oc-
curred if the unaffected sisters used as the comparator

group in the pregnancy analysis had less opportunity to
become pregnant than their SSc-affected sisters. In fact,
the unaffected sisters in the pregnancy analysis were
younger than their SSc-affected sisters by a mean age dif-
ference of —0.90 years. Adjusting for age differences be-
tween the unaffected sisters and their affected sisters (by
including an age covariate in the logistic modeling) did not
change the observed magnitude of association for gravidity
or parity (data not shown).

We then investigated the association between SSc de-
velopment and gravidity according to autoantibody sub-
groups. Unlike the birth order analysis, we did detect a
statistically significant difference in the magnitude of as-
sociation across the autoantibody subgroups. The topoi-
somerase-negative subgroup had a much stronger associa-
tion between SSc development and pregnancy than the
topoisomerase-positive subgroup (for homogeneity x*[1] =
5.53, P = 0.015). After applying Bonferroni adjustment for
multiple comparisons, this association remained signifi-
cant. ORs did not differ between subgroups of skin in-
volvement (OR 3.67 for 1c¢SSc, OR 1.98 for dcSSc, P >
0.05). Families with multiple SSc cases that were discor-
dant on antibody status or extent of skin involvement were
also excluded in the analyses shown in Table 4, although
when such families were included (treating them as con-
cordant with the index proband’s status), no effect on OR
point estimates or statistical significance was observed.

DISCUSSION

This study included a large number of SSc cases (987 cases
and 3,088 sibling controls) and used a case-sibling design
to minimize possible confounding due to case—control
differences in age, race, ethnicity, calendar time, or sibship
size. Our findings of separate and independent associa-
tions of higher birth order and gravidity with SSc suggest

Table 3. Association between pregnancy outcome (fetal loss, with/without live births)
and development of SSc*

Unaffected
Pregnancy history SSc cases sisters OR P 95% CI
Never pregnant (reference) 41 98 1.00
=1 pregnancy loss, no live birth 7 3 9.56 0.003  2.12-43.15
=1 pregnancy loss, =1 live birth 39 40 3.27 0.001 1.62-6.61

* SSc = systemic sclerosis; OR = odds ratio; 95% CI = 95% confidence interval.
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Table 4. Relationship of scleroderma-specific antibody positivity in pregnancy*

SSc probands/

unaffected siblings, no. OR*T 95% CI p
Centromere-positive 45/63 4.17 1.17-14.87 > 0.05
Centromere-negative 124/189 2.41 1.33-4.37
Topo I-positive 40/58 1.14 0.48-2.70 0.01
Topo I-negative 129/193 4.43 2.12-9.23
RNAP IlI-positive 36/57 10.76 1.38-83.92 > 0.05
RNAP IlI-negative 133/193 2.26 1.28-3.99
None of 3 SSc-specific antibodies 51/78 3.39 1.22-9.45 > 0.05

RNAP III = RNA polymerase III.

* SSc = systemic sclerosis (scleroderma); OR = odds ratio; 95% CI = 95% confidence interval; topo I = topoisomerase I;

t Measures the association between SSc and ever pregnant versus never pregnant as the reference group.

that immune changes from infectious exposure in early life
and/or pregnancy-related events may play a role in the
pathogenesis of this disease. These findings support the
possible relevance of the hygiene hypothesis and the pro-
posed mechanisms of microchimerism as distinct influ-
ences in the development of SSc.

We found that the risk of scleroderma increases with
increasing birth order, which is the reverse of the reported
risk associated with allergic and atopic disorders. Higher
birth order is associated with a reduced risk of asthma and
atopy, presumably through a beneficial effect of higher
infection exposure from the other siblings (1). However,
this study found consistent evidence for an association
between SSc and higher birth order. How early childhood
exposure to multiple infectious agents and/or other mech-
anisms predisposes to autoimmunity are not well under-
stood. The latent period between early life exposures and
the onset of SSc, typically in the 4th to 5th decade of life
(21), suggests a necessary requirement for additional ex-
ternal triggers to cause disease. This might be similar to
mechanisms linking exposure to viruses such as the hu-
man T lymphotropic virus type I (HTLV-I) and develop-
ment of adult T cell lymphoma in 5% of the HTLV-I
seropositive individuals decades later (22). However, this
viral exposure in the absence of other factors would not
explain the importance of birth order.

Pregnancy has profound effects on the immune system
resulting in tolerance to the semi-allograft fetus, which is
essential to fetal survival (23-26). In terms of long-term
immune effects, it is known that multiparous women have
circulating antibodies to HLA antigens, which are believed
to promote the increased rate of rejection of solid organ
transplants in multiparous versus nulliparous women (23—
26). However, there are no studies that address more sub-
tle, persistent, and long-lasting changes of pregnancy that
could alter immune tolerance and result in autoimmunity.
One of the mechanisms proposed for autoimmunity in
general, and SSc in particular, is that of microchimerism.

Microchimerism is proposed to occur because a greater
HLA class II compatibility of the microchimeric cells
transferred to the maternal (or fetal) host can potentially
disrupt immunoregulatory mechanisms, which in turn re-
sults in autoimmunity (5,7,8). Male microchimerism has
been demonstrated in SSc patients who have never given
birth to a son, suggesting that sibling microchimerism may

also occur (27). Higher birth order, compared with lower
birth order, could result in increased exposure to chimeric
cells from previous pregnancies, which supports our ob-
served finding of association between higher birth order
and SSc.

Launay et al found that 1cSSc and pulmonary fibrosis
were associated with higher parity and had shorter inter-
vals to disease onset based on observations of 100 consec-
utive women with SSc (15). Also, a recent retrospective
Canadian study of live birth rates in women found that
those women with SSc had higher live birth rates before
disease onset than expected (14).

In our study, we found an association between SSc
development and gravidity/parity in female sibships, but
the magnitude of this association did not increase with
higher gravidity or parity, as would be expected with
multiple pregnancies. This finding does not support a
straightforward microchimerism mechanism. However,
we had limited statistical power given the smaller sample
size of these restricted sibships (160 SSc cases and 227
unaffected sisters). More interestingly, it suggests two dis-
tinct pregnancy-related mechanisms for SSc development
that involve microchimerism: one involving the transmis-
sion of microchimeric cells from previous pregnancies in
the mother to SSc offspring and the other from a pregnancy
in the female SSc case herself.

Other studies in SSc have not supported our finding that
pregnancy is associated with an increased risk of SSc.
Artlett et al (6) suggested increasing gravidity was protec-
tive in a retrospective cohort study of SSc patients (n =
111) by demonstrating that diffuse disease and worsening
lung involvement were more common in nulliparous pa-
tients. In this study, the age of onset of SSc in nulliparous
patients was 32 years versus 46 years in patients with 1-2
pregnancies (P < 0.0001), and 51.3 years in patients with
5-7 pregnancies (P < 0.0005). However, no comparison
cohort was used in this study, so prior pregnancies could
only be evaluated as a predictor of one type of SSc over
another (e.g., diffuse versus limited).

In an Italian hospital-based case—control study of 46 SSc
cases and 153 female controls, parous women had a re-
duced risk of SSc (OR 0.3, 95% CI 0.1-0.8) compared with
nulliparous women (13). This risk was found to decrease
with increasing parity. However, the limited number of
SSc cases in this study and the use of hospitalized inpa-



SSc and Influences of Birth Order and Gravidity/Parity

423

tients without SSc for a control group impose significant
limits on the interpretation of these results.

A retrospective study of 2,149 patients with a discharge
diagnosis of SSc in a population-based registry from Swe-
den also failed to demonstrate an increased risk of SSc
with pregnancy (12). In this study, Lambe et al found that
nulliparity was associated with an increased risk of SSc
(OR 1.37, 95% CI 1.22—1.55) (12). In addition, in parous
women, the risk decreased with increasing parity. How-
ever, this study may be limited because it was unable to
distinguish 1leSSc, deSSc, or localized SSc in its analysis
due to the imprecision of hospital discharge codes as well
as the fact that it used the current population as a control
group. In all of these studies, it is also possible that pa-
tients with severe disease at a young age elect not to get
pregnant compared with their older counterparts whose
symptoms develop at or toward the end of their reproduc-
tive years.

The significant findings in our study (compared with
previous epidemiologic studies of gravidity and parity)
may be due to the case-sibling design, which increases
validity (e.g., reduces population stratification bias) rela-
tive to traditional case—control studies. The use of case-
sibling design better controls for factors such as age, race,
ethnicity, calendar time, and sibship size and might ex-
plain our conflicting results of gravidity and SSc risk with
previous studies. Other strengths of our study are its size,
given the greater number of SSc index probands, and the
inclusion of both live births and unsuccessful pregnancies.

We found that a history of pregnancy loss (with or with-
out any live births) increased the risk of SSc more than
having a live birth without any pregnancy losses. How-
ever, there was quite a bit of overlap in the respective 95%
CIs. The small number of individuals with =1 pregnancy
loss with no live births (7 cases and 3 controls) makes the
interpretation of this finding problematic. Although statis-
tically significant, we believe that additional studies need
to be done before this finding can be considered firm.
Subtle immunologic or vascular effects in preclinical SSc
may decrease the likelihood of conception or successful
gestation (12). Although we were unable to report infertil-
ity problems or the exact age of SSc probands at concep-
tion, 81% of our SSc probands were age >30 years at onset
of SSc, which is above the average age at first pregnancy in
the US. This suggests that 81% of our probands are likely
to have had at least one pregnancy prior to the onset of
symptoms. Infertility and lower birth rates in SSc have
been reported and may have influenced studies, which
suggests pregnancy is protective because SSc patients
could not conceive (14). Other studies have also indicated
that SSc patients may have higher rates of infertility and
delays in conception. Silman and Black reported infertility
problems being 3 times higher in SSc patients before di-
agnosis versus healthy controls (28). Similar findings with
infertility were reported by Englert et al (29), although they
did not find increased risk of fetal loss in SSc patients.

SSc is known to have several subtypes whose antibodies
are usually mutually exclusive. We tested this theory by
looking at antibody subtypes and extent of skin involve-
ment in the context of birth order and gravidity/parity. We
were unable to detect any significant heterogeneity in the

birth order analysis. However, in the pregnancy analyses,
the development of SSc was influenced by the topo I
antibody status. No difference was seen between the sub-
groups defined by limited or diffuse skin involvement, but
results of the pregnancy analyses are somewhat limited by
our smaller sample size. The significance of these findings
is unclear, but again supports distinct mechanisms in SSc
development and expression. It is also possible that if we
had a larger sample size in the pregnancy analysis, we may
have seen greater differences between antibody subtypes
and skin involvement.

In summary, this study found that increasing birth order
was associated with a higher risk of developing SSc, sug-
gesting that immune responses to early childhood infec-
tions provides a predisposition to SSc. In addition, preg-
nancy increased the risk of SSc, although we were unable
to demonstrate enhanced risk with increasing gravidity or
parity. This association supports previous work suggesting
that microchimerism or other pregnancy-related immune
events also play a role in SSc susceptibility.
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