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Two clinical observations related to hormonal influence and multiple sclerosis (MS) have
sparked considerable research interest in this area: Young men are less susceptible to MS than
young women, and there are fewer relapses in MS during the third trimester of pregnancy.

MALE SEX HORMONES

The lower susceptibility of young men to MS is consistent with observations in numerous other
autoimmune diseases, including rheumatoid arthritis and lupus. Increased susceptibility in
women as compared to men may be due to differences in sex hormones and/or sex chromo-
somes. Much research has focused on sex hormones, with very little research to date on sex
chromosomes. With regard to sex hormones, the onset of MS in women is relatively younger
than in men.  Data in MS models1–2 suggest that levels of circulating testosterone may be suffi-
ciently high in some young males to protect from disease. Indeed, onset of MS in men generally
occurs above the age of 30, and it is known that testosterone levels normally begin to decline by
1–2% per year beginning at the age of 30.3–4 Also, two groups have found that testosterone levels
are lower in some men with MS,5–6 but whether this is the cause or the effect of the disease
remains unknown. On the other hand, while males may be less susceptible to MS, there is some
evidence that once disease begins, it may take a more aggressive course.7 This possible sex-
related difference in the severity of disease course remains to be fully characterized and its
etiology is presently unknown.

FEMALE SEX HORMONES

While data are relatively clear that persistently high, young adult levels of male sex hormones are
protective, such is not the case with female sex hormones, which fluctuate normally during the
menstrual cycle. Unlike studies of the MS model in male mice, whereby castration clearly makes
disease worse in males, it is controversial whether ovariectomy makes disease significantly worse
in females, thereby making the role of fluctuating levels of estrogen and progesterone in cycling

 



females unclear. In MS patients who have had brain MRIs at various times during the menstrual
cycle, there has been no consistent, significant correlation between disease activity and levels of
estrogen or progesterone during the menstrual cycle.8–9 Subjective premenstrual worsening of
pre-existing MS symptoms has also been reported, but a clear association of this worsening with
an increase in gadolinium enhancing lesions remains to be shown.8,10 Furthermore, there is no
evidence of increased relapses or an increase in enhancing lesions on MRI during menopause.
Since women are generally in their early 50s during menopause—an age by which natural aging
has decreased the frequency of relapses—an increase in relapses with menopause would have
likely been recognized anecdotally. On the other hand, some women report feeling worse with
menopause and better with hormone replacement therapy.11 These subjective changes in symptoms
with menopause may or may not be related to MS pathogenesis. If they are related to MS patho-
genesis, they could involve factors such as disease-related cognitive changes, fatigue, and depres-
sion. A well-controlled study to assess these latter factors objectively in menopausal MS women,
with more appropriate MRI measures such as atrophy accumulation or functional imaging, has
not been done. In summary, low fluctuating levels of female sex hormones have not been shown
to affect relapses or the appearance of new deficits, but an effect on pre-existing deficits cannot
be ruled out at present.

THE IMPACT OF PREGNANCY ON RELAPSE RATE

It has been recognized for decades that symptoms of patients with autoimmune diseases are

affected by pregnancy and the post partum period. The list of autoimmune diseases known to

improve during pregnancy includes multiple sclerosis, rheumatoid arthritis, thyroiditis and

uveitis. Early studies in MS did not separate the MS patients into relapsing remitting (RR) and

secondary progressive (SP) groups.12–14 What was generally described, however, was that there

was a period of relative “safety” with regard to relapses during pregnancy, followed by a period of

increased relapses post partum. These early clinical observations were supported by a small

study of two patients who underwent serial brain MRIs during pregnancy and post partum. In

both women there was a decrease in brain MRI disease activity during the second half of preg-

nancy and a return of disease activity to pre-pregnancy levels in the first months postpartum.15

The most definitive study of the effect of pregnancy on MS came in 1998—the Pregnancy in

Multiple Sclerosis (PRIMS) study.16 Relapse rates were determined in 254 women with MS during

269 pregnancies, for up to one year after delivery. Relapse rates were significantly reduced from

0.7 per woman in the year before pregnancy to 0.2 during the third trimester (a 71% reduction).

Rates then increased to 1.2 during the first three months post partum before returning to pre-

pregnancy rates. No significant changes were observed between relapse rates in the first and

second trimester as compared to the year prior to pregnancy. Together, these data clearly

demonstrated that the latter part of pregnancy is associated with a significant reduction in

relapses, while there is a rebound increase in relapses post partum.
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PREDICTING POST PARTUM RELAPSES

In a recent follow-up report of the PRIMS study,17 the authors attempted to predict which women
would or would not relapse in the post partum period. This is important for private discussions
between physicians and their patients about management of their pregnancy, as well as for MS
researchers designing clinical trials of agents to prevent the post partum relapse. It was found
that the most significant predictor of post partum relapses was the relapse rate prior to pregnancy;
a woman who had active relapsing disease before becoming pregnant was more likely to have a
relapse post partum than a woman whose pre-pregnancy relapse rate was lower. Neither epidural
anesthesia nor breast feeding was predictive. A slight trend for fewer post partum relapses in
women who breast fed was due to the fact that women who chose to breast feed had milder, less
active disease before pregnancy as compared to those who chose not to breast feed. Thus, breast
feeding itself was not directly related to post partum relapse; level of disease activity before
pregnancy was determined to be the direct predictor. 

EFFECT OF PREGNANCY ON DISABILITY

Since the third trimester of pregnancy is associated with a reduction in relapses and the postpartum
period with an increase in relapses in the first three months, what is the net effect of pregnancy on
the accumulation of disability? The net effect is controversial. The two-year post-partum analysis in
the PRIMS study showed that disability continued to accumulate at a rate unaffected by pregnancy
and the post partum period. However, two smaller studies followed patients for longer periods of
time and found that the development of disability was reduced with pregnancy. Damek’s studies
suggested that a full-term pregnancy increased the time interval to reach a common disability
endpoint (walking with the aid of a cane or crutch); in essence, pregnancy increased the time
interval to having a secondary progressive course.18 Runmarker found that there was a signifi-
cantly decreased risk of a progressive course in women who became pregnant after multiple
sclerosis onset as compared to those who did not.19 In the latter study, patients were matched
for neurologic deficit, disease duration and age. Matching was needed since one might predict
that women with less disability would be more likely to get pregnant, hence a difference in
baseline disability (not pregnancy) could explain the longer time interval to reach secondary
progressive disease. Careful matching of the groups made this explanation unlikely and therefore
this study provided some support for a net beneficial effect of pregnancy on the accumulation of
disability in MS over the long term.

THE NET EFFECT OF PREGNANCY ON SUBSEQUENT RISK OF 
DEVELOPING MS

There appear to be no conclusive data supporting a long term effect of pregnancy in healthy
individuals and their subsequent risk of developing MS. One study reported that women of parity
0–2 developed MS twice as often as women of parity 3 or more, thereby implying a protective
effect of multiple pregnancies, but the difference did not reach statistical significance,20 while
another found no association between parity and the subsequent risk of developing MS.21
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Together these data indicate that pregnancy in healthy women does not reduce their susceptibility
to developing MS in the future.

On the other hand, if healthy women get pregnant, they are less likely to develop MS during
pregnancy.19 This is analogous to the observation that if women with MS get pregnant, it will
indeed be associated with a temporary reduction in relapses during pregnancy, but not afterwards.
The effect of pregnancy on relapses and new onset cases (first clinical episodes) appears to
be similar to what is observed when patients take the approved immunomodulatory therapies
for MS: relapse rate is temporarily reduced while patients are on the treatments but returns
to the pre-medication rate when the medications are discontinued.

THE PREGNANCY FACTOR THAT IS TEMPORARILY PROTECTIVE

Pregnancy is a complex event that involves numerous changes. Leading candidate factors that
may play a role in disease improvement include estrogens, progesterone, alpha-fetoprotein
and vitamin D.22 Two estrogens have been shown to be protective in animal models of MS
when given in doses that achieve high levels equal to or greater than pregnancy. They include
estradiol, the estrogen of the menstrual cycle, and estriol, an estrogen unique to pregnancy.
Since estriol is not only the estrogen of pregnancy but has been known for over thirty years to
be the safest of the estrogens,23–26 it was administered in pill form in a pilot clinical trial to MS
patients. Estriol treatment was shown to decrease gadolinium enhancing lesions in the brain of
patients with relapsing-remitting MS (RRMS), as well as to have a favorable effect on immune
responses.27–28 Further trials of estriol treatment in RRMS are planned. Treatment with a combi-
nation of pregnancy factors is also an attractive idea to recapitulate the protection of pregnancy.
These agents are primary candidates for use in trials to prevent the post partum relapse.

THE ESTROGENS IN ORAL CONTRACEPTIVES

Levels of estrogens that are lower than that which occurs during pregnancy—such as the levels
induced by oral contraceptives (or hormone replacement therapy) may or may not be high
enough to be protective in MS. It is not surprising that past use of oral contraceptives in healthy
women was shown to have no effect on subsequent risk of developing MS21 since one would not
anticipate that the effect of treatment would be permanent. This finding, in and of itself, would
not exclude the possibility that the use of oral contraceptives could have a temporary protective
effect on disease in women during use. However, it was found in a very large study that the inci-
dence rates for MS in current users of oral contraceptives were not decreased as compared to
never-users.29 This latter observation would suggest that the estrogens in oral contraceptives are
not of the adequate type or dose to reduce the immunopathogenesis of MS during use. Therefore,
it is likely that a sustained level of a sufficient dose of an estrogen, creating an estrogen profile
similar to that of pregnancy, would be necessary to reduce disease activity in MS.
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