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ABSTRACT

Objective: To examine the association between past pregnancy, offspring number, and first clini-
cal demyelination risk.

Methods: Cases (n � 282) were aged 18–59 years with a first clinical diagnosis of CNS demyeli-
nation (first clinical demyelinating event [FCD]) and resident within 1 of 4 Australian centers (from
latitudes 27° south to 43° south) from 2003 to 2006. Controls (n � 542) were matched to cases
on age, sex, and study region, without first clinical diagnosis of CNS demyelination.

Results: Higher offspring number was associated with FCD risk among women (p � 0.001) but not
men (p � 0.71); difference in effect; p � 0.001. Among women, higher parity was associated with
reduced risk of FCD (adjusted odds ratio 0.51 [95% confidence interval 0.36, 0.72] per birth)
with a similar magnitude of effect observed among classic first demyelinating events (adjusted
odds ratio 0.47 [95% confidence interval 0.29, 0.74]). The apparent beneficial effect of higher
parity was also evident among parous women only (p � 0.001). Among cases, a clear female
excess was evident for those with low but not high (4 or more) offspring number. Factors such as
human leukocyte antigen DR15 genotype did not appear to modify the association between
higher parity and a reduced FCD risk among women.

Conclusions: These findings are consistent with a cumulative beneficial effect of pregnancy. Tem-
poral changes toward an older maternal age of parturition and reduced offspring number may
partly underlie the increasing female excess among MS cases over time. Neurology® 2012;78:

867–874

GLOSSARY
AOR � adjusted odds ratio; CI � confidence interval; EAE � experimental allergic encephalomyelitis; EBNA � Epstein-Barr
virus nuclear antigen; EBV � Epstein-Barr virus; FCD � first clinical demyelinating event; FDE � first demyelinating event;
HLA � human leukocyte antigen; IgG � immunoglobulin G; MS � multiple sclerosis; OR � odds ratio; RA � rheumatoid
arthritis; VCA � viral capsid antigen.

Multiple sclerosis (MS) occurs more frequently in women, with onset commonly within the
childbearing years. Pregnancy has been suspected to influence the risk of disease but the major-
ity of studies to date, including the US Nurses’ Health Cohort study, have not reported an
association between parity and MS.1–5 However, in an incident cohort of patients with MS,
women with MS were more likely to be childless than expected in the general population.6 One
prospective study found that women with 3 or more children had a lower risk of MS (relative
risk � 0.4; 95% confidence interval [CI] 0.2–1.4).7

Pregnancy has been consistently associated with lower MS relapse rates.8 This may be mediated
by sex hormones such as estriol. 17�-Estradiol suppresses the development of experimental allergic
encephalomyelitis (EAE), and appears to reduce the severity of the clinical course.9 Similar effects
have also been observed after administering an estrogen receptor � ligand, suggesting that activation
of this particular receptor is responsible.10 Other mechanisms may also be involved—there are
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alterations in the transcriptional activity of over
300 genes during pregnancy, particularly those
controlling inflammation.11 Early pregnancy
factor, or its homologue, chaperonin 10, also
suppresses EAE and enhances the survival of
myelin-producing oligodendrocytes.12 Fetal
microchimerism—the persistence of fetal cells
in the maternal circulation—can also induce
immunomodulation.13 This mechanism has

been proposed to possibly underlie the observa-
tion that although offspring number was not as-
sociated with rheumatoid arthritis (RA), lower
time elapsed since last birth was associated with
a reduced risk of RA onset and this was particu-
larly evident among women of high-risk human
leukocyte antigen (HLA) genotype for RA.14

We aim to examine the association be-
tween number and timing of offspring and
risk of a first clinical presentation for a demy-
elinating event.

METHODS Details of the design of the AusImmune Study,
a multicenter case-control study, have been described else-
where.15,16 Briefly, the study was conducted in 4 regions of
Australia: Brisbane City (latitude 27° south), Newcastle City
and surrounds (33° south), Geelong City and the Western
Districts of Victoria (37° south), and the island of Tasmania
(43° south).

Participant inclusion. Participants were aged 18–59 years
and resident within a study region between November 1, 2003,
and December 31, 2006. Cases had an incident first clinical
diagnosis of CNS demyelination (FCD).17 Regional clinical spe-
cialists, or radiologists assessing MRI scans, undertook case noti-
fication. All cases were seen by a study neurologist who
conducted a history and neurologic examination. Annually all
case clinical information was reviewed by the study neurologist
group to assess eligibility.15,16 Cases who had had no possible past
demyelinating event in their clinical history were classified as
classic first demyelinating events (FDE). Controls were ran-
domly selected from the Australian Electoral Roll (compulsory
registration for citizens �18 years) and matched to cases on age
(within 2 years), sex, and study region. The final case: control
matching ratio was 1:2.15

Information collected. Data were collected from self-
completed questionnaires, a face-to-face interview, and
biological sampling. A neurologic assessment confirmed the
date and symptomatology of the first demyelinating
episode.16

Questionnaire data. For women, the number of previous
pregnancies greater than 20 weeks (for this report, termed gra-

Table 1 Characteristics of cases and controls in the AusImmune Study

First clinical diagnosis
of CNS demyelination
cases (n � 282), n (%)

Controls
(n � 542), n (%)

Sex, n (%)

Male 66 (23.4) 120 (22.1)

Female 216 (76.6) 422 (77.9)

Age, y, mean (SD)a 38.57 (9.78) 39.98 (9.76)

University education, y, mean (SD) 68 (24.5) 143 (25.8)

Ethnicity, n (%)b

White 273 (96.8) 514 (94.8)

Other 7 (2.5) 26 (5.1)

Total years smoked, median (IQR)c 5.9 (0–19) 1.7 (0–15.1)

Physical activityd

Low 43 (15.6) 99 (19.0)

Moderate 108 (39.3) 210 (40.2)

High 124 (45.1) 213 (40.8)

Past history of infectious mononucleosis

Yes 74 (26.2) 85 (15.7)

Noe 203 (72.0) 453 (83.6)

Buttock melanin density, median (IQR) 1.2 (0.7–2.2) 1.4 (0.8–2.6)

Abbreviation: IQR � interquartile range.
a Age in years at study interview.
b Assessed by the study nurse at interview; other includes Asian–Aboriginal and Torres
Strait Islander and African.
c Total years smoked: continuous variable.
d Physical activity was scored and categorized according to the International Physical
Activity Questionnaire.
e Includes “Don’t know.” Numbers not adding to totals represent missing data, generally �1%.

Table 2 Offspring number and risk of a first clinical diagnosis of CNS demyelination among women and men in the AusImmune Studya

No. liveborn
children

Female Male

Cases, % (n/N) Controls,% (n/N) OR (95% CI) p Cases, % (n/N) Controls, % (n/N) OR (95% CI) p

0 36.9 (79/214) 22.1 (92/417) 1.00 (reference) 32.6 (21/64) 38.3 (46/120) 1.00 (reference)

1 15.4 (33/214) 15.4 (64/417) 0.49 (0.29–0.87) 0.004 16.3 (11/64) 10.8 (13/120) 1.98 (0.68–5.74) 0.290

2 31.3 (67/214) 34.3 (143/417) 0.39 (0.23–0.65) �0.0001 20.4 (15/64) 26.7 (32/120) 1.09 (0.44–2.68) 0.765

3 11.7 (25/214) 15.8 (60/417) 0.27 (0.14–0.53) �0.0001 14.3 (7/64) 14.2 (17/120) 0.89 (0.28–2.81) 0.909

4 3.7 (8/214) 7.9 (30/417) 0.20 (0.08, 0.50) 0.002 12.2 (6/64) 5.8 (7/120) 1.89 (0.43, 8.37) 0.307

5 or more 0.9 (2/214) 5.8 (22/417) 0.06 (0.01–0.27) �0.0001 9.7 (4/64) 4.2 (5/120) 1.75 (0.35–8.66) 0.911

Test of trend p � 0.001 p � 0.71

Abbreviations: CI � confidence interval; OR � odds ratio.
a There is a difference of effect on the effect of liveborn children on multiple sclerosis risk for men vs women ( p � 0.001).
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vidity) and the number of live births (for this report termed
parity) was recorded, along with age at menarche. For all partic-
ipants, the number and dates of births of all liveborn children
(offspring) were recorded. A gravidity higher than parity was
termed late miscarriage. Other measurements included time in
the sun during weekends and holidays (“leisure”) in summer and
winter for different periods of life and other detailed measures as
described elsewhere.18

Study measurements. Interviewers noted the natural skin
and eye color and ethnicity, assessed the presence of pterygia and
solar keratoses, and counted nevi on the left arm.18 Skin reflec-
tance on the buttock (non-sun-exposed site) was measured using
a hand-held spectrophotometer (Minolta CM2500 days) to esti-
mate cutaneous melanin density.19 Silicone rubber impressions
(“casts”) of the skin on the dorsum of both hands were provided
as a measure of cumulative past sun exposure.20

Most participants (94%) provided a blood sample including
for DNA analysis. Serum aliquots (1 mL) were stored at �80°C
for batched analysis at study completion. Serum 25-
hydroxyvitamin D [25(OH)D] was measured by liquid chroma-
tography dual mass spectrometry.

Data analysis. Odds ratios (ORs) and 95% confidence inter-
vals (CI) were calculated using conditional logistic regression,21

with fractional polynomial models used to examine for departure
from linearity. Adjusted ORs (AORs) include adjustment for
covariates that were potential confounders, as listed. We derived
a sun damage index based on the presence (1) or absence (0) of a
history of 5 sun-related health conditions (pterygium, cataract,
nonmelanoma skin cancer, solar keratosis, and melanoma). Tests
for trend of categorical variables were undertaken by replacing the
binary predictors with a single predictor, taking category rank
scores. Missing data were excluded. Statistical significance was de-
fined as p � 0.05. All analyses were undertaken using Stata for
Windows (version 11.0; StataCorp LP, College Station, TX).

Standard protocol approvals, registrations, and patient
consents. The AusImmune Study was approved by 9 regional
human research ethics committees. All participants gave writ-
ten informed consent. The funding sources had no role in this
research.

RESULTS Table 1 demonstrates a predominance of
female cases with a mean age at onset of the FDE of
38.0 years (SD � 9.8 years). We examined the distri-
bution of liveborn children (table 2) and time since

last live birth (table 3). Table 2 shows that there was a
dose–response trend for increasing offspring number
and decreasing risk of a FCD among women (p �

0.001) but not men (p � 0.71). The difference in
effect between women and men was marked (p �

0.001). Among those having had a child, there was
no association between time since last birth and FCD
risk for women (p � 0.28) or men (p � 0.28) (table
3). Among either women or men, the number of
children under various specific ages (less than 2 years,
less than 4 years, less than 6 years; p � 0.33, p �

0.50, and p � 0.53, respectively) was not associated
with FCD risk and there was no difference in effect
by gender.

Characteristics of women with higher parity. On uni-
variate analysis, female controls of higher parity were
more likely to be older (r � 0.44, p � 0.001), less
educated (r � �0.18, p � 0.001), and to have had
more exposure to infant siblings by age 6 (r � 0.11,
p � 0.02). They were not more likely to be a current
smoker (r � �0.11, p � 0.10) and their levels of
physical activity (r � �0.08, p � 0.12) and skin
pigmentation (�0.03, p � 0.52) were similar to
those of other women. They had a higher grade of
skin damage by cast score (r � 0.33, p � 0.001) and
a higher sun index (r � 0.17, p � 0.002). Cumula-
tive leisure time sun exposure (measured in UVR
dose, per 1,000 J/m2 increase) between ages 6 years
and the time of the interview (r � 0.26, p � 0.001)
but not between ages 6 and 18 years (r � 0.02, p �

0.69) was associated with higher parity. After addi-
tional adjustment for age at interview, cumulative
leisure time sun exposure was no longer associated
with parity (p � 0.88), indicating that this associa-
tion partly reflected that parous women were older
and thus had had more time to accumulate UVR
exposure. Among these controls, higher parity was
not associated with higher anti–Epstein-Barr virus
(EBV) viral capsid antigen (VCA) immunoglobulin

Table 3 Time since last child born and risk of a first clinical diagnosis of CNS demyelination among female and male participants with
children in the AusImmune Studya

Time since last
birth, y

Female Male

Cases, % (n/N) Controls, % (n/N) OR (95% CI) p Cases, % (n/N) Controls, % (n/N) OR (95% CI) p

<1 2.5 (5/201) 3.4 (13/381) 1.00 (reference) — 4.9 (3/61) 3.6 (4/110) 1.00 (reference) —

1–4 9.5 (19 /201) 9.2 (35/381) 1.28 (0.38–4.28) 0.69 14.8 (9/61) 11.8 (13/110) 0.93 (0.16–5.59) 0.938

5–8 9.0 (18/201) 15.0 (57/381) 0.62 (0.19–2.06) 0.44 14.8 (9/61) 10.9 (12/110) 0.83 (0.16–4.16) 0.818

9–12 6.0 (12/201) 6.6 (25/381) 1.11 (0.29–4.27) 0.88 8.2 (5/61) 3.6 (4/110) 1.42 (0.15–13.73) 0.761

>13 33.8 (68/201) 41.7 (159/381) 0.79 (0.23–2.69) 0.71 23.0 (14/61) 28.2 (31/110) 0.65 (0.09–4.84) 0.678

Test of trend p � 0.28 p � 0.28

Abbreviations: CI � confidence interval; FCD � first clinical demyelinating event; OR � odds ratio.
a There is no difference of effect for the association between time since last birth and FCD risk for male vs female ( p � 0.76).
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G (IgG) (r � 0.05, p � 0.44) titers, higher anti–EBV
nuclear antigen (EBNA) IgG titers (r � �0.01, p �
0.78), a history of infectious mononucleosis (r �
�0.04, p � 0.35), or deseasonalized vitamin D levels
(r � �0.03, p � 0.47).

Past gynecologic and reproductive history. Increasing
gravidity and parity were strongly associated (p �
0.001) with a decreased risk of FCD (table 4 ). These
associations between increasing parity and gravidity
and decreasing FCD risk persisted after adjusting for
education, current smoking, actinic damage, sun in-
dex score, physical activity, and body mass index (ta-

ble 4). The magnitudes of these associations were
high: overall, there was a 49% reduction in FCD risk
for each further birth (AOR 0.51 [95% CI 0.36–
0.72]). This estimate was not altered by additional
adjustment for infant sibling exposure by age 6
(AOR 0.51 [95% CI 0.36–0.72]). In a model con-
taining both time since last birth and whether a
woman had any past births, the former was not im-
portant (p � 0.68) but the later remained important,
with an adjusted OR of 0.42 (95% CI 0.23–0.78;
p � 0.003). Thus, the association parity and FCD
risk was independent of time since last birth. After

Table 4 Association between gynecologic and reproductive history and risk of a first clinical demyelinating
event among women in the AusImmune Study

Cases, % (n/N) Controls, % (n/N) OR (95% CI) AORa (95% CI)

Age at menarche, y

11 or less 15.0 (32/214) 12.1 (51/420) 1.00 (reference) 1.00 (reference)

12–14 72.4 (155/214) 71.2 (299/420) 0.81 (0.50–1.31) 0.96 (0.37–2.49)

15 or more 12.6 (27/214) 16.7 (70/420) 0.63 (0.33–1.19) 0.71 (0.20–2.50)

p � 0.16 p � 0.58

Gravidity

0 37.4 (80/214) 22.2 (92/422) 1.00 (reference) 1.00 (reference)

1 15.4 (33/214) 16.9 (70/422) 0.48 (0.27–0.83) 0.34 (0.10–1.16)

2 30.4 (65/214) 33.7 (140/422) 0.38 (0.23–0.64) 0.24 (0.08–0.70)

3 13.1 (28/214) 16.4 (67/422) 0.30 (0.15–0.57) 0.10 (0.02–0.39)

4 3.3 (7/214) 7.2 (30/422) 0.17 (0.07–0.46) 0.08 (0.02–0.50)

5 or more 0.5 (1/214) 3.9 (16/422) 0.05 (0.01–0.39) 0.03 (0.003–0.46)

Test of trend p � 0.001 p � 0.001

Parity

0 37.9 (81/214) 23.0 (96/419) 1.00 (reference) 1.00 (reference)

1 15.4 (33/214) 15.8 (66/419) 0.50 (0.29–0.88) 0.35 (0.10–1.16)

2 30.4 (65/214) 34.1 (142/419) 0.39 (0.23–0.65) 0.24 (0.08–0.69)

3 12.6 (27/214) 17.3 (72/419) 0.27 (0.14–0.51) 0.11 (0.03–0.40)

4 3.3 (7/214) 6.2 (26/419) 0.22 (0.08–0.57) 0.07 (0.01–0.55)

5 or more 0.5 (1/214) 3.6 (15/419) 0.05 (0.01–0.47) 0.03 (0.002–0.46)

Test of trend p � 0.001 p � 0.001

Late miscarriage 1.9 (4/214) 4.8 (20/415) 0.41 (0.14–1.28) 0.42 (0.14–1.25)b

Multiple birth 0.5 (1/214) 3.6 (15/415) 0.14 (0.03–1.07) 0.15 (0.02–1.19)d

Age at first birth, yc

<20 4.5 (6/133) 7.5 (24/320) 1.00 (reference) 1.00 (reference)

20–24 26.3 (35/133) 24.1 (77/320) 2.25 (0.77–6.53) 1.97 (0.44–24.78)

25–29 33.8 (45/133) 35.0 (112/320) 2.07 (0.72–5.98) 1.33 (0.44–18.94)

30–34 25.6 (34/133) 23.4 (75/320) 1.77 (0.60–5.19) 1.88 (0.36–26.47)

>35 9.8 (13/133) 10.0 (32/320) 1.59 (0.47–5.42) 1.53 (0.21–35.01)

Test of trend p � 0.99 p � 0.86

Abbreviations: AOR � adjusted odds ratio; CI � confidence interval; OR � odds ratio.
a AOR adjusted for education, current smoking, actinic damage, sun index score, infectious mononucleosis, and body
mass index.
b Adjusted for education only due to small numbers.
c Among parous women only.
d Adjusted for parity only.
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adjustment for having any birth vs none there was no
longer any association between multiple birth (p �
0.99) or late miscarriage (p � 0.49) or age at men-
arche (p � 0.68) and FCD risk.

Restriction to parous women. Among parous women,
higher relative gravidity and parity remained impor-
tant and of similar magnitude. Each further birth was
associated with an adjusted OR of 0.49 (95% CI
0.29–0.83). Among women with a parity of 2 or
higher, the interpregnancy interval between first and
second birth was not associated with FCD risk (AOR
1.08 [95% CI 0.97–1.20]). Among parous women,
there was no interaction between age at first birth
and parity for FCD risk.

Sex ratio among cases with a first clinical demyelinat-
ing event. The figure shows the variation in the
female-to-male ratio among FCD cases according to
the offspring number in the adult participant’s fam-
ily (p � 0.05). Of note, for families of 4 or more
children, there is no evidence of a female case excess.

Here, among the FCD case group, increasing lat-
itude was associated, after age adjustment, with a de-
creased likelihood of being female compared to being
male (OR 0.95, 95% CI 0.91–0.99, p � 0.03 per
°S). There was no latitudinal variation in parity for
female controls (p � 0.22) or cases (p � 0.76) and
this latitude pattern was not altered in magnitude by
accounting for offspring number or time since last
birth. Thus, regional variation in parity among

women did not appear to explain the variation of the
case sex ratio by latitude.

Cases with a classic FDE: Further analysis by case type.
We examined the findings in relation to case type.
Restricting the cases to those without any prior pos-
sible history of a neurologic event (that is, the classic
FDE group) did not alter the findings in relation to
parity and reduced risk: for a FDE (AOR � 0.47
[95% CI 0.29 – 0.74 per birth]) vs for all FCDs
(AOR 0.51 [95% CI 0.36–0.72 per birth]).

Association between parity and FCD risk is not
modified by HLA DRB1–15 or other possible effect
modifiers. The association between parity and FCD
did not vary according to birth cohort (women born
at or less than vs more than 30, 40, or 50 years ago).
There was no interaction between increasing parity and
infectious mononucleosis history or anti-EBV, EBNA,
or anti-VCA IgG titers, smoking history, education
type, serum 25(OH)D levels, past sun history, or ances-
try (data not shown). HLA DR-15 (presence of proxy
SNP rs3135388) was associated with FCD risk with an
OR of 3.14 (95% CI 2.07–4.76); p � 0.001. This
HLA gene was associated with reduced parity (p �

0.02), but further adjustment for HLA DR-15 did not
alter the association between parity and lower FCD risk
materially from an AOR of 0.51 per birth to an AOR of
0.54 per birth if HLA-DR15 is adjusted also. The asso-
ciation between parity and FCD risk did not vary by
HLA DR-15 status (difference in effect, p � 0.19).

Figure Variation in the female-to-male ratio for cases with a first clinical diagnosis of CNS demyelination by
offspring number

The female-to-male case ratio by number of children is as follows: 0 children, 3.76 (95% confidence interval [CI 2.30–
6.41]); 1 child, 3.0 (95% CI 1.48–6.58); 2 children, 4.47 (95% CI 2.52–8.42); 3 children, 3.57 (95% CI 1.50–9.78); 4
children, 1.33 (95% CI 0.41–4.66); 5 children, 0.50 (95% CI 0.05–3.49). An excess of female to male cases (p � 0.05) is
not evident among participants with larger families (4 or more liveborn children prior to diagnosis).
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DISCUSSION Increasing gravidity and parity and
offspring number was associated with decreasing risk
of a first clinical presentation of demyelination
among women in a dose–response manner. The asso-
ciation was of high magnitude and persisted among
parous women. The association was robust and per-
sisted after adjusting for confounding factors. By
contrast, no association between offspring number
and FCD risk was evident in men. The number of
children under various specific ages was not associ-
ated with FCD risk. These findings indicate the
apparent protective effect of parity is more likely
to relate to prenatal factors relating to the preg-
nancy rather than postnatal factors pertaining to
the offspring.

An important strength of this study is that cases
were interviewed following a first clinical presenta-
tion for demyelination rather than following the di-
agnosis of MS. The consistency of the association
between higher parity and reduced FCD risk, in-
cluding among those with no history suggestive of
possible prior demyelination, confirms that the asso-
ciation is not due to women choosing to remain nul-
liparous after a neurologic event or diagnosis of MS.
The parallel analyses revealed no association between
the number of children for men and FCD risk, indicat-
ing that the strong association observed here between
higher parity and reduced FCD risk in women could
not be attributed to unmeasured confounding factors
associated with having a large family.

One potential weakness is that the control partic-
ipation rate was 60% (of those contacted). As is com-
mon for studies with less than full participation,
control participants were more highly educated than
the general population (e.g., 39.7% vs 18.7% had
completed university in the Brisbane study region22).
However, here, control women with higher educa-
tion were of lower parity. Therefore the effect of
nonresponse bias would be an underestimate rather
than overestimate of the true case–control differ-
ences. Further, even among cases alone, the female
excess decreased as offspring number increased. A
weakness of the study is that breastfeeding or oral
contraceptive history was not recorded. However, a
recent review concluded that no association between
oral contraceptive use and MS risk has been estab-
lished.23 In past work, breastfeeding history has not
been clearly associated with MS onset24 but this area,
in contrast to the role of breastfeeding on MS pro-
gression,25 has been little studied. In addition, al-
though there was no evidence that the association
between higher parity and reduced FCD risk varied
by maternal HLA genotype, the more pertinent fac-
tor may be any mismatch between maternal and per-

sisting fetal cell HLA genotypes. This information
was not available.

The findings of this study are not consistent with
most previous studies which failed to identify any
association between parity and MS risk.1–5 However,
the findings are similar to that of 2 cohort studies:
one reported that women with incident MS were
more likely to be childless than the general popula-
tion6 and another found that women with 3 or more
children had a reduced MS risk (OR 0.4 [95% CI
0.2–1.4]).7 Childbirth prior to first MS symptom
was associated with a higher mean age at MS onset.26

These inconsistencies prompted us to study fac-
tors that might modify the association between parity
and FCD risk, but no candidate modifiers were de-
tected. This study differs from previous work in that
cases were interviewed at first clinical presentation of
CNS demyelination and not at some later time
point, e.g., after diagnosis of MS. Therefore, disease-
related choices in child planning are unlikely to have
influenced our results. Previous studies sought possi-
ble disease-related changes in child choices by con-
ducting sensitivity analysis such as restricting the
window of observation,4 but found little change in
the reported observations. It is possible, however,
that pregnancy has a different role after FDE onset.
As this study was conducted in 2003–2006 it is also
possible that secular changes such as improved envi-
ronmental hygiene or decreased maternal IgG levels
against viruses27 have contributed to the observed
differences. However, no birth cohort effect was evi-
dent. Finally, this study had a relatively high propor-
tion of women with 3 or more children and showed a
clear dose–response relationship so it was more likely
to detect an association compared with studies where
the proportion of women of high parity (3 or more)
was lower.

Several plausible mechanisms might underlie a
protective effect of pregnancy on FCD risk. Short-
term mechanisms include the downregulation of in-
flammatory genes that are abnormally upregulated in
MS,11 the increased secretion of beneficial cytokines
such as interleukin-10,28 alterations in T regulatory
cell activity,11 and the suppression of EBV-specific
cytotoxic T lymphocyte activity.29 EBV reactivation
is also more common in pregnancy.30 Increased
estrogen has been postulated to be of benefit as 17�-
estradiol epigenetically alters the class II major histo-
compatibility complex promoter to downregulate
gene expression31 and various forms of estrogen or
activation of the estrogen receptor ligand have been
demonstrated to improve EAE.10 In addition, preg-
nancy is a time of increased maternal–fetal cell traf-
ficking and it is possible that fetal microchimerism,
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with a permanent donation of fetal cells to the mater-
nal circulation, may play a role.13

Overall this study indicates a cumulative benefi-
cial effect of pregnancy, consistent with a permanent
additive effect from each birth. It is possible that, if
the association were causal, these findings could un-
derlie the temporal trend of increasing MS incidence
particularly among women.32

A 2008 systematic review concluded that the
female-to-male ratio in MS has increased from 1966
to 1980 (per 5-year period, 6% [95% CI 3%–10%]
F:M increase) and it has been recommended that this
observation should prompt studies to focus on
changes in lifestyle among modern women.33,34 Aus-
tralian Bureau of Statistics data indicate that the av-
erage age at first birth has increased from 23.2 years
in 196135 to 31.9 years in 2008,35 increasing the pro-
portion of nulliparous women during the window of
vulnerability to MS onset in the third or fourth decades
of life. Further, the proportion of nulliparous women
had increased from 10% in 1970–197436 to 25% by
1985–1996.36 Prior to 2007, Australian parity data
were collected only in relation to the current relation-
ship, so the proportion of nulliparous women can not
be readily compared with our study participants.

These findings are consistent with a cumulative
beneficial effect of pregnancy. Temporal changes to-
ward an older age of birth and reduced offspring
number may partly underlie the increasing female
excess among MS cases over time.
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