
Sex-related Factors in Multiple Sclerosis: Genetic, Hormonal and 
Environmental Contributions

Rhonda R. Voskuhl, M.D.1 and Stefan M. Gold, Ph.D.2

1Deptartment of Neurology, Multiple Sclerosis Program, David Geffen School of Medicine, 
University of California Los Angeles (UCLA), Los Angeles, CA, USA

2Center for Molecular Neurobiology and Department of Neurology, University Hospital Hamburg-
Eppendorf, Hamburg, Germany

Abstract

The pathogenesis of multiple sclerosis (MS) involves complex interactions between genetic 

susceptibility and environmental triggers. Clinical observations suggest that the study of sex 

differences may provide important insight into mechanisms of MS pathogenesis and progression. 

One clinical observation is that MS occurs more frequently in women than in men, indicating an 

impact of sex-related factors on susceptibility to MS. These factors include hormonal, genetic, and 

environmental influences, as well as gene x environment interactions and epigenetic mechanisms. 

Despite a higher incidence and more robust immune responses, females do not have a poorer 

prognosis, suggesting a biological mechanism of resilience. A second clinical observation is the 

pregnancy strongly affects disease activity, leading to a reduction in relapse rates in the last 

trimester but an increase post partum. However, pregnancy has little effects on long-term 

disability. Unraveling mechanisms underlying these clinical observations at the laboratory bench, 

with subsequent translation back to the bedside is a unique and potentially fruitful strategy in MS. 

In this paper, we review the current knowledge in the field and discuss novel therapeutic 

approaches currently in development that were derived from the study of sex-related factors.

INTRODUCTION

Epidemiological studies spanning decades have shown that females are more likely than 

males to be affected with multiple sclerosis1. Another well-established clinical phenomenon 
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in MS is a disease modifying effect of pregnancy, where relapse risk is decreased during the 

third trimester but increased during the post partum period2. Together, these two clinical 

observations indicate that the study of sex-related variables may yield significant insight to 

better understanding pathological factors involved in MS. Herein, we will review clinical 

and preclinical data examining the effect of sex-related factors on MS susceptibility as well 

as on the activity and progression in established disease.

GENDER DIFFERENCES IN MS

Clinical evidence

A female preponderance in MS susceptibility—There is a distinct female 

preponderance of a variety of autoimmune diseases including MS and systemic lupus 

erythematosus3. The female to male ratio in MS currently varies by region around 2:1 to 

3:11. Notably, over the last decades, the sex ratio in MS appears to be increasing (see 

below). The difference in average age at onset between male and female patients is small but 

there is evidence that in younger patients (onset before age 20) the gender ratio is greater 

(3.2:1) than in the MS population as a whole (2:1)4.

Unlike pregnancy, which is protective in MS and RA, but not in lupus, the higher incidence 

of disease in females as compared to males is present across a broad spectrum of 

autoimmune diseases including both those that are driven principally by cell mediated 

immune responses (MS, RA) as well as antibody mediated responses (systemic lupus 

erythematosus). Thus, the factors involved in the increased susceptibility of females to such 

a wide variety of autoimmune diseases are likely due to a ubiquitous pathway in immune 

responses.

Some aspects of gender differences in autoimmune diseases can be studied using animal 

models. For example, in the most widely used animal model of MS, experimental 

autoimmune encephalomyelitis (EAE), the SJL strain of mice has a female sex bias that 

parallels that of MS5. Similarly, a female preponderance is also seen in other autoimmune 

disease models including diabetes, thyroiditis, arthritis and lupus3. However, some strains 

(B10.PL and PL/J) have more susceptibility to EAE in males6, and there is no sex bias in the 

C57BL/6 strain7. Thus, there appears to be an interaction between sex specific factors and 

autosomal genetic background. This is in line with an autosomal gene linkage with MS risk 

in one gender but not the other8.

A role of gender in MS activity?—Within the major subtypes of relapsing remitting 

(RR) and secondary progressive (SP) MS, early predictors of future disability have included 

sex, age of onset, and degree of recovery from first episode9, 10. Some early studies 

indicated higher levels of gadolinium enhancing lesions on brain MRIs in women11, 12. 

However, larger studies controlling for age of onset and type of MS did not find a sex 

difference13–15. Having said that, there are clear sex differences in immune responses. 

Responses in females to various immune challenges are stronger than in males16. This is 

also true when comparing autoantigen specific responses in women versus men with 

MS17–19.
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A role of gender in MS progression?—A large study of the natural history of MS, 

which included RR, SP and primary progressive (PP) types, indicated that the median time 

between disease onset to reaching a given disability level was shorter in men9. A subsequent 

review of placebo treated subjects in large clinical trials revealed that while there was no 

apparent gender effect on short term disability related to relapses in RR subjects, there did 

appear to be more long term disability progression in PP MS20. Further, a recent large 

natural history study of untreated MS patients found that male gender was associated with a 

shorter time to, and a younger age for, conversion to SPMS21. Also, one study found that 

gray matter atrophy was greater in men than women with MS13. T1 holes on MRI may also 

be more frequent in male patients11, although that has not been replicated13.

In summary, an enigma has arisen. If the incidence of disease is higher and peripheral 

immune responses are more robust in women, then why would one not see faster 

progression and more neurodegeneration in women? Progression and neurodegeneration are 

either faster in men or are, at best, no different between women and men. Consequently, the 

study of sex related factors in MS needs to take into consideration that these may play 

different, and possibly opposing, roles in the immune system versus the central nervous 

system (CNS).

Potential mechanisms of gender difference in MS

Hormones—There are no convincing data that low levels of cycling ovarian hormones in 

female mice are disease promoting in EAE. Some studies show no effect of ovariectomy22, 

while others show a slight worsening of clinical EAE in ovariectomized compared to sham 

operated23, 24, thereby suggesting if anything a slight protective effect of low levels of 

female hormones. In contrast, there is good evidence showing that physiologic levels of 

testosterone in are protective since castration of young male mice clearly worsens EAE 

disease course (reviewed in 25). Several immunomodulatory and possibly neuroprotective 

mechanisms of testosterone have been described (reviewed in 25). Notably, gonadectomy to 

remove endogenous testosterone, only increased disease susceptibility in strains 

characterized by a female sex bias26, thereby suggesting that a protective effect of 

physiologic testosterone may indeed be responsible, at least in part, for the female sex bias 

on a given genetic background.

Genetic factors—Sex differences in EAE and MS may also be influenced by a direct 

genetic effect. Novel mouse models that allow dissection of the effect of sex hormones and 

chromosomes have provided interesting clues. In these mice, the testis-determining gene Sry 

is “moved” from the Y chromosome to an autosome, thereby separating genetic and 

hormonal sex. In this model, the XX sex chromosome complement was associated with 

more severe disease compared to the XY− complement in EAE and lupus27. Sex 

chromosomes were also shown to affect autoantigen specific immune responses27, 28. Also, 

other studies have suggested that the Y chromosome contains polymorphic genes that may 

confer protection from EAE29, 30. Taken together, sex chromosome effects on EAE may be 

due to 1) gene(s) unique to the Y chromosome, 2) a higher dose of X genes which escape X-

inactivation, or 3) paternal imprinting of X genes.
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Epigenetics, environmental factors and gene-environment interaction—
Transmission of MS risk shows a maternal parent-of-origin effect (e.g.31) that is related to 

MHC32. Parent-of-origin effects are generally considered to reflect genomic imprinting, an 

epigenetic mechanism of methylation and histone modification to achieve monoallelic gene 

expression. A parent of origin effect has been described in imprinting of both sex 

chromosome and autosomal genes33 and provides evidence that environmental factors can 

influence imprinting in a sexually dimorphic manner34. However, parent of origin effects 

may also be caused by a number of other mechanisms. Some animal studies have pointed to 

the possibility that environmental effects can act on endogenous sex hormone levels which 

in turn alter the hormone’s interaction with MS susceptibility genes35. It has also been 

demonstrated that within HLA-DRB1*15-positive patients, the female-to-male ratio is 

higher than in affected individuals with HLA-DRB1*15-negative genotypes, suggesting a 

role for MHC in the gender gap via gene-environment interaction and epigenetic 

mechanisms36.

One intriguing observation is that the female to male ratio has increased in the past decades 

in most locations studied with a few notable exceptions (reviewed in1). This increase in the 

female to male ratio is driven by increased incidence in women, not by decreased incidence 

in men. The reasons for the increased incidence in women remain speculative, however, it 

has been noted that the time span over which it is occurring should exclude a genetic 

cause37. Instead, the underlying factors may be environmental or resulting from gene-

environment interactions. In order to explain the change in sex ratio, environmental factors 

proposed would have to interact with factors that are sexually dimorphic or would have to be 

more commonly encountered in one sex than the other. Several possibilities have been 

suggested. While the change in sex ratio appears to predate use of oral contraceptives or 

changes in smoking behavior in women, other factors such as changes in lifestyle, roles in 

the workforce, dietary habits or alterations in menarche could contribute to the increasing 

incidence in females37. It should be noted that to date there is little direct evidence for any of 

these factors. Experimental data suggest that the peroxisome proliferator-activated receptor 

(PPAR) α, which is involved in gender differences of lipid metabolism, also exerts gender-

specific effects in EAE, indicating a potential interaction between sex related factors and 

diet in autoimmunity38. Recently, it was found that increased parity of women was 

associated with decreased risk of first demyelinating event39. The authors noted a 

correlation between the increased incidence of MS in women over the last decades with 

women waiting longer, and having fewer, children over this same time period. Thus, it is 

possible that the increasing incidence of MS in women that is driving the observed widening 

of the gender gap37 is in part due to a loss or delay in the protection conferred by being 

multiparous39.

Translating Female versus Male Differences in MS: Testosterone in EAE and MS

As mentioned above, removal of endogenous testosterone affects disease only in mouse 

strains with a sex difference in EAE. However, supplemental testosterone treatment of EAE 

was shown to be protective in gonadally intact males of a strain with (SJL) and without 

(C57BL/6) a gender bias26. This suggests that mechanisms of protection from disease 

conferred by endogenous testosterone and mechanisms underlying exogenous testosterone 
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treatment may differ. Importantly, a therapeutic effect in EAE can also be seen when using 

dihydrotestosterone, indicating that androgens are not merely protective via conversion to 

estrogen26.

A pilot clinical trial of testosterone was conducted in men with RRMS40. While no effect 

was found on active lesions (possibly due to low inflammatory activity at baseline), there 

was a reduction in the annualized brain atrophy rate on MRI in the treatment period 

compared to pretreatment. One of several potential mechanisms through which testosterone 

may be protective is the induction of neurotrophic factors in PBMCs41. Larger placebo 

controlled trials of testosterone treatment in men with MS are warranted.

PREGNANCY AND MS

Clinical evidence

Pregnancy and MS relapses—The effects of pregnancy on disease activity of MS and 

other autoimmune diseases have been known for decades3. Studies in MS demonstrated a 

decrease of approximately 70% in relapse rates in the third trimester compared to pre-

pregnancy levels2, 42–45. These studies have also consistently shown an increase in relapse 

rate in the first 6 months post partum (see meta analysis46). The relapse reduction during 

pregnancy is remarkable considering the 30–60% reduction in relapses induced by current 

MS treatments47. The clear evidence for an effect of pregnancy on MS disease activity (see 

Table 1) is a seminal clinical observation to be understood and translated.

Pregnancy and disability—The effect of pregnancy on disability remains unknown. 

Short term follow up after pregnancy showed no effect on permanent disability2, 48. Some 

long term follow up studies also showed no effect49, 50. However, other long term studies 

addressing time to reach a given disability suggested a protective effect of pregnancy on 

disability with some, but not all, studies having groups matched initially for deficit, disease 

duration and age51–54. Such observational studies are prone to selection bias since rigorous 

matching of groups at baseline is not possible. For example, women with more benign 

disease are potentially more likely to opt to have children. Taken together, currently 

available data do not provide convincing evidence that there is a significant beneficial effect 

of pregnancy on long term disability (see Table 1).

Pregnancy and MS incidence—MS onset is rare during the latter half of pregnancy but 

the risk of developing MS is elevated in the post partum period55. Several epidemiological 

studies found no associations between number of pregnancies and subsequent MS 

risk50, 55–58. However, one recent study39 demonstrated an approximate 50% reduced risk of 

a first clinical presentation for a demyelinating event for each birth independent of other 

well-established risk factors (e.g. HLA, EBV). Importantly, first demyelinating event was 

the endpoint, not relapses in established MS, thereby removing a selection bias regarding 

differential likelihood to get pregnant. Moreover, this association was only seen in women 

with children, not in men with children, indicating that prenatal factors in the mother, not 

postnatal factors in the family environment, were underlying the parity effect39. Further 

examination of the effect of parity on MS risk is now warranted (see Table 1).
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Protective mechanisms during pregnancy

Pregnancy is not protective in a broad spectrum of autoimmune diseases. Rather, pregnancy 

is protective in autoimmune disorders principally driven by cell mediated immunity, such as 

MS, rheumatoid arthritis and psoriasis, but not in other autoimmune disorders such as 

systemic lupus erythematosus (SLE)59. This would suggest that immune alterations during 

pregnancy are not generally immunosuppressive but rather shift immune responses in a way 

that is beneficial in cell mediated, but not antibody mediated, diseases. Important insights 

into the immunopathogenesis of MS relapses may thus be gained by a closer look at current 

concepts in reproductive immunology (see Box 1).

A shift in immune function?—A few studies in small samples have investigated 

immune changes during MS pregnancy. A genome-wide transcription analysis provided 

evidence for a decrease of several inflammation-related transcripts in peripheral blood 

mononuclear cells (PBMCs) during pregnancy with a corresponding increase post partum60. 

A shift from Th1 to Th2 was shown at both the mRNA and protein level in peripheral blood 

from MS subjects followed longitudinally during pregnancy42, 61–63. One study found a 

decline in interferon gamma (IFNγ) producing CD4+ T cells during pregnancy but no 

increase post partum64. Serum interleukin 8 (IL8) has been shown to decrease during MS 

pregnancy65. Two small studies in MS pregnancy showed an increase66 or a decrease67 in T 

regulatory cells and no change in Th17 T cells67. The larger Finish study showed no effect 

of MS pregnancy on T regulatory cell percentage, but rather an increase in CD56bright NK 

cells, during pregnancy with a decrease post partum42.

Taken together, there is evidence for shifts in some immune markers during MS pregnancy, 

however, no marker has been convincingly implicated in causality regarding effects on 

relapses. To better understand the effect of pregnancy on MS, it is necessary to move 

beyond cytokine shifts and enumerative changes in cell phenotype and include functional 

analyses (e.g. regulatory T cells or CD56bright NK cells). Very little evidence is available 

regarding Th17 cells, and potential contributions by the innate immune system have also not 

been explored. Importantly, immunological correlates of post partum relapses are still 

missing. Given recent experimental evidence from an arthritis model68, some of the immune 

shifts during pregnancy may be autoantigen specific, which should be taken into 

consideration in future studies.

Endocrine mechanisms—The strongest relapse protection is seen during the last 

trimester2. Two estrogens (estradiol and estriol) and progesterone each increase 

progressively during pregnancy with a peak in the third trimester, then drop within days 

after birth, making their temporal profile consistent with protection from relapses. Both 

estriol and estradiol can ameliorate EAE. In contrast, treatment with progesterone had only 

small effects on EAE when used alone69, 70. On the other hand, one study showed that 

progesterone treatment was deleterious in EAE in Lewis rats71. However, progesterone 

appeared to be additive with estrogen in offering protection when given in combination72. 

This complementary effect of estrogen and progesterone treatment may be due to potentially 

beneficial effects of progesterone on axonal protection, decreased demyelination or 

increased remyelination73, 74.
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Pregnancy is complex. A role for one hormone is not mutually exclusive of a role for 

another. For example, 1,25-hydroxyvitamin D is increased during pregnancy. In EAE, diets 

high in vitamin D reduced disease severity in female but not male mice75. Consistent with 

this, the protective effect of 1,25-dihydroxyvitamin D on EAE has been shown to depend on 

the presence of estrogen76. Intriguingly, one epidemiological study provided indirect 

evidence that vitamin D intake during pregnancy may not only affect the mother but could 

also lead to decreased risk for developing MS in the offspring77. Cortisol, a potent 

immunomodulatory steroid, also increases to within high normal range during later 

pregnancy. Increased 11β-hydroxysteroid dehydroxynase and higher glucocorticoid receptor 

(GR) α expression have been described in decidual cells during the second trimester of 

human pregnancy78, which may increase cortisol bioavailability even before the increase in 

circulating cortisol levels occur in the third trimester. In addition, prolactin is increased 

during pregnancy and stays elevated during the post partum period in those who are 

breastfeeding. Interestingly, prolactin is involved in oligodendrocyte precursor 

proliferation79. Pregnancy in mice increases the capacity to remyelinate noninflammatory 

white matter lesions, an effect that can be mimicked by prolactin79. However, prolactin may 

also be detrimental since it is thought to be immunostimulatory and indeed blocking 

prolactin by bromocriptine ameliorated EAE80. Some small studies in humans suggested 

that hyperprolactinemia may be associated with MS relapses81, 82. Thus, a given pregnancy 

factor may have different, even opposing, effects in the immune system versus the CNS, and 

this needs to be considered when exploring therapeutic potential in MS.

Breast-feeding and MS relapses—Three large and one smaller study showed no effect 

of breast-feeding on post partum relapse rate in MS48, 83–85. Rather, the best predictor of 

post partum relapse was pre-pregnancy relapse rate2, 48, 85. One small study suggested that 

exclusive breastfeeding might be associated with decreased relapse rate as compared to no 

or partial breastfeeding86. Another report using retrospective chart analyses confirmed this 

finding87. However, classification bias, rather than causality, could underlie this finding 

since those who had a relapse while breastfeeding could have stopped breastfeeding to take 

disease modifying drugs to manage their MS worsening86. Further, it has been shown that 

mothers with active disease prior to pregnancy were less likely to breast feed48, 84, thereby 

raising the issue of selection bias. Thus, overall there has been not yet been convincing 

evidence that breastfeeding causes a significant reduction in MS relapses.

Microchimerism—Some authors have suggested that microchimerism, the exchange of 

hematopoietic stem cells between mother and fetus during pregnancy, may be involved in 

autoimmunity88. However, the existing data on parity and MS incidence, which show either 

decreased, or no altered, risk for MS with increasing parity, do not support a major 

immunopathogenic role for microchimerism in MS. A link between microchimerism and 

MS should also lead to different risk in women who have children from several partners. 

However, no evidence for such an association has been found89.

Translating Pregnancy Protection: Estrogen Treatment in EAE and MS

EAE in guinea pigs, rats, rabbits and mice improves during pregnancy22, 90, 91, thereby 

mirroring the effects seen in MS. Studies in EAE to support the therapeutic potential of 
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estrogens via numerous anti-inflammatory effects in the peripheral immune system 

including cytokine shifts, downregulation of chemokines in the CNS, modulation of 

dendritic cell function, increased regulatory T cells, and decreased expression of matrix 

metalloproteinases (reviewed in 92). Importantly, in EAE, estriol is protective at doses which 

are physiological with murine pregnancy levels23, 69, while estradiol requires 

supraphysiological doses to achieve the same effects23.

Estrogens are lipophilic, can cross the blood brain barrier, and thus have the potential to also 

directly affect CNS cell populations93. Two main estrogen receptors (ERs), the nuclear 

receptors ERα and ERβ94, are known, but there are also nongenomic membrane effects95. 

The membrane G-protein coupled receptor GPR30 may mediate some therapeutic effects of 

pregnancy or estrogens in EAE96–98.

The protective effect of estrogen treatment (estradiol and estriol) in EAE was shown to be 

dependent upon the presence of ERα, not ERβ99, 100, and stimulation of ERα was sufficient 

for protection in EAE101, 102. Importantly, expression of ERα in the peripheral immune 

system was dispensable for the therapeutic effect103. Thus, increasing attention has been 

given to the CNS targets of estrogens. Within the CNS, ERα expression in astrocytes, but 

not in neurons, was required for therapeutic effects of a synthetic ERα ligand in EAE104. 

ERβ ligand treatment does not have potent effects on the peripheral immune system or on 

the level of CNS infiltration during EAE,105 but can qualitatively affect the composition of 

the CNS infiltrate by reducing dendritic cells therein106. ERβ ligand treatment confers some 

clinical protection late during EAE and this is associated with reduced demyelination105, 

preserved axon numbers107, 108 and increased functional remyelination109. A recent 

molecular study suggested that ERβ signaling in microglia can exert protective effects in 

CNS inflammation by repressing transcription of inflammatory genes without the binding of 

ERβ to its target DNA sequence110. Of potential therapeutic interest, this mechanism is 

strongly activated by endogenous non-estrogenic steroids such as 5-androsten-3β, 17β-diol 

(ADIOL). Thus, the recent advances in our understanding of molecular mechanisms 

involving CNS estrogen receptor signaling in neuroinflammation could lead to more specific 

targeting of pathological processes, particularly those involving glial cells, using novel ER 

ligands.

Few studies have investigated the therapeutic or preventative effects of estrogen 

administration in MS. Four epidemiological studies of oral contraceptive (OC) use55–58 did 

not find evidence for an important role of OC in MS susceptibility. A small pilot study 

administered estriol at a dose to induce pregnancy levels in serum in nonpregnant female 

patients with MS111. A favorable shift in cytokine profile, decreased release of matrix 

metalloproteinase-9 by peripheral mononuclear blood cells (PBMCs)112, 113 and a reduction 

in gadolinium enhancing lesions on MRI111 was observed. Larger, placebo controlled, 

clinical trials of estrogens in MS are ongoing. These include a multicenter placebo 

controlled trial of estriol in combination with glatiramer acetate (ClinicalTrials.gov: 

NCT00451204) and a trial examining the potential of estradiol and progestin to prevent post 

partum relapses (NCT00127075)114.
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CONCLUSIONS

Being female confers an increase in susceptibility to develop MS, however it does not cause 

a more aggressive course of disease in females (Table 1). There are lessons to be learned 

from how, despite a higher incidence and more robust immune responses, females do not 

have a poorer prognosis in established disease. If processes of biological resilience in 

females could be identified, for example in protective CNS mechanisms, this knowledge 

could be used to therapeutically target such mechanisms.

The observed increase in gender ratio suggests gender-specific associations of 

environmental or gene-environment interactions in MS susceptibility. It is conceivable that 

some of the underlying factors are of behavioral nature and a better understanding of these 

associations could potentially be relevant to preventing disease in some patients.

Pregnancy is a state that is clearly protective with regard to inter current relapses, while 

there is no conclusive evidence that pregnancy affects long term disability (Table 1). Effects 

on the immune system have been studied, but studies addressing pregnancy effects in the 

CNS that are not confounded by differences in the immune system are needed (Table 2). 

Insights into hormonal effects on the immune system versus the CNS are needed to more 

effectively target therapeutic strategies in an effort to mimic the protective aspects of 

pregnancy or prevent the detrimental effects of the post partum period.

It summary, the study of sex differences is important for both women and men with MS. 

Regarding the observation of greater susceptibility in women, the goal of this research is not 

merely to discern what is making women have increased risk, but also what makes most 

men have decreased risk. Further, if the cellular and molecular mechanisms mediating 

protection during late pregnancy were known, this would reveal highly significant targets for 

which new drugs could be developed for both women and men.
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KEY POINTS

• The importance of sex related factors in MS pathogenesis and disease activity is 

supported by the increased risk for women to develop MS and a decrease in 

relapse rates during pregnancy.

• While MS incidence is higher and immune responses are more robust in 

females, males may have more progressive disease.

• Sex related factors may exert different, even opposing, effects on the peripheral 

immune system and the central nervous system.

• Sex specific effects on relapses should be considered separately from sex effects 

on progression.

• Sex hormones and sex chromosomes can independently contribute to disease.

• The widening in the gender gap in MS are likely due to the interaction of sex 

specific factors with autosomal genes or environmental/behavioral factors.
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BOX 1

Pregnancy and autoimmunity: Insights from reproductive immunology

During pregnancy, a balance in the immune system has to be achieved to assure survival 

of the fetus and the mother115. The classical concept of pregnancy as a semi-allograft 

where paternal alloantigens evade detection by the maternal immune system has been 

modified. It has been demonstrated that the maternal immune system recognizes paternal 

antigens but temporarily inhibits the immune response116. Pregnancy is therefore an 

immunomodulatory state characterized by a complex network of recognition and 

communication117.

Numerous studies have demonstrated a Th1/Th2 shift during pregnancy, which could 

contribute to the beneficial effects of pregnancy in cell-mediated autoimmune disorders 

such as RA and MS. However, animal models suggest that Th2 cytokines are not 

essential for successful pregnancy118. Thus, the notion that pregnancy represents a Th2 

shift119 may be overly simplistic120. Mechanisms of immune tolerance during pregnancy 

have mainly been investigated at the maternal-fetal interface121. In the context of the 

beneficial effects of pregnancy on cell-mediated autoimmune diseases, however, the 

more subtle shifts within systemic immune responses of the mother122 might be 

important. For example, regulatory T cells increase in the maternal circulation early 

during normal pregnancy in mice123 and humans124. In addition, an increase has been 

described in the ratio between regulatory T cells and Th17 cells125, which may play a 

role in autoimmune inflammation126. Recent experimental data suggest that transfer of 

regulatory T cells from pregnant mice are sufficient to confer protection from 

autoimmunity in non-pregnant mice68. This mechanism may be antigen-specific since 

regulatory T cells from pregnant mice that had not been exposed to the autoantigen could 

not confer protection68. The cellular and molecular mechanisms of this phenomenon, 

however, remain to be elucidated.
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Table 1
Sex differences and the effect of pregnancy on MS incidence, activity and progression

Gender and pregnancy have been relatively well characterized for their effects on MS incidence and relapse, 

but evidence does not consistently show sex differences on disability progression. While females are more 

likely to get MS, their disability progression is not worse than men, thereby suggesting that there may be sex 

differences in the CNS response to a given immune attack with the female brain being relatively more resilient 

as compared to males. While late pregnancy decreases, and post partum increases, MS incidence and relapse, 

there is no major effect of these two time periods on disability. Overall, there are no clear effects of parity on 

disease, with some evidence suggesting a possible protective role on disease incidence and progression but 

this needs confirmation.

Incidence (Onset) Activity (Relapse) Progression (Disability)

Sex Difference F > M F > M M > F?

Late Pregnancy ↓ ↓ None

Post Partum ↑ ↑ None

Parity None (↓?) Unknown None (↓?)
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Table 2
Roadmap for future studies of sex-related factors in MS

Given the gender bias in susceptibility as well as the effect of pregnancy on relapse rates, future studies should 

aim at identifying the underlying etiologic processes including hormonal, genetic, epigenetic and 

environmental factors so that novel treatments can be developed targeting these factors. Sex specific effects on 

relapses and the immune system should be considered separately from effects on the central nervous system 

and progression.

Immune System Central Nervous System

Sex Difference Clinical differences Do female have more relapses? Do males have more disability progression?

Sex Hormones Is physiologic testosterone anti-
inflammatory?

Are physiologic estrogen or progesterone 
neuroprotective?

Is testosterone neurodegenerative?

Sex Are X genes pro-inflammatory? Are X genes neuroprotective?

Chromosomes Are Y genes anti-inflammatory? Are Y genes neurodegenerative?

Epigenetics Interactions of sex hormones and 
sex chromosomes with autosomal 
genes linked to susceptibility.

Interactions of sex hormones and sex chromosomes 
with autosomal genes linked to progression.

Gene-environment interactions Interactions of sex hormones and 
sex chromosomes with 
environmental factors linked to 
susceptibility.

Interactions of sex hormones and sex chromosomes 
with environmental factors linked to progression.

Pregnancy Late pregnancy Identify pregnancy factor(s) that 
mediate the decrease in relapses.

Does pregnancy have an effect on disability?

Post partum Identify post partum factor(s) that 
mediate the increase in relapses.

Does the post partum period have an effect on 
disability?

Nat Rev Neurol. Author manuscript; available in PMC 2015 May 18.


