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KEYWORDS Abstract  Multiple sclerosis (MS) affects three times more women than men and this ratio appears
Multiple sclerosis; to be increasing. However male patients experience increased disease progression, brain atrophy,
Gender; and cognitive impairment. Gonadal hormones may modulate these sex differences. For example,
Demyelinating diseases; female puberty heralds an increased risk of MS, and during pregnancy disease activity is milder,
Sex hormones; with an increased risk of postpartum relapses. Gonadal hormones likely have complex and
Genetics; inflammatory and neuroprotective effects, and may interact with other disease modulators, such
Disparities as vitamin D. Sex differences in the heritability of disease susceptibility genes implicate a role for

epigenetic modification. Many questions remain, including the impact of sex on treatment response
and epigenetic changes, and the modulatory potential of hormonal treatments. This article
summarizes what is known about sexual dimorphism in MS onset and course, as well as potential
interactions between sex and other factors influencing MS pathogenesis, incidence and severity.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Multiple sclerosis (MS) is a chronic autoimmune demyelinating
disease of the central nervous system. It affects three times
more women than men, and onset occurs later in men than in
women. However, men experience a more rapidly progressive
clinical and radiologic course. Because the peak age of MS
incidence is during women's childbearing years (age 25-40),
it is likely that reproductive hormones play a modulatory
role. However, the ways in which, and to what degree, sex
hormones affect disease incidence and severity remain
unclear and are the topics of ongoing research. Furthermore,
sex and sex hormones are likely implicated in complex
interactions with environmental (sunlight, vitamin D), genetic
and epigenetic (transmission of MHC risk alleles), and cultural
(urbanization, female education) factors to influence MS risk
and progression. This article will summarize what is known
about sexual dimorphism in MS onset and course, as well as in
potential interactions between sex, sex hormones and other
risk factors to influence MS pathogenesis, incidence and
severity.

2. Sexual dimorphism in MS incidence
and severity

2.1. Sex differences in incidence/prevalence

Starting with Jean-Martin Charcot's description of MS and at
many points prior to the 1940s, it was believed that there
was an excess of male cases. This was likely due to
ascertainment bias, with dominance of men in the workforce
and mischaracterization of women as hysterical. Since the
National Multiple Sclerosis Society (NMSS) reported in the
1940s that the sex ratio was 1:1 [1], an increasing F:M sex
ratio has emerged and continues to grow, reaching 2:1 in the
1980s [2] and approaching and even exceeding 3:1 today

[3-7]. The Canadian Collaborative Project on Genetic
Susceptibility to MS (CCPGSMS) study, with unique epidemio-
logical strengths, was particularly influential in this endeavor.
It applied a sex ratio analysis within the cohort of over 30,000
Canadian families with at least one family member with MS to
show an increasing F:M ratio in Canada over 50 years and now
exceeding 3.2:1. This increasing trend has been noted not only
in Western societies, but also in Iran, among others [8].

2.2. Sex differences in MS risk from CIS events

Generally, it is thought that female sex is associated with
higher risk of developing clinically definite MS (CDMS) after a
first demyelinating event [9]. In optic neuritis (ON), the best
studied presentation of CIS, earlier studies suggesting an
increased risk in females [10] were substantiated in patients
with acute ON and no baseline MRI findings in the Optic
Neuritis Treatment Trial (ONTT) after 15 years of follow up
[11]. Further investigations found that both gender and MRI
features were independent risk factors for the development
of CDMS after ON [12]. These findings have been replicated
in non-Western societies as well [13-15]. Additionally, not
only female sex but specific exposures to gonadal hormones,
such as subsequent pregnancy, may increase the risk of CDMS
after CIS [16].

3. Sex differences in MS disease course
and severity

3.1. Clinical course

Although men have a lower risk of developing MS than women,
on aggregate natural history studies have suggested that male
sex is a risk factor for a progressive onset of the disease
(reviewed in [17]), poor recovery after initial attacks [18],
more rapid accrual of disability and progression of EDSS



Sexual Disparities in the Incidence and Course of MS

203

[17,19], and an overall more malignant course [20]. Converse-
ly, females are more likely to manifest benign MS [17]. Sex
does not appear to influence relapse rate [17]. These sex
differences are likely not attributable only to sex influences
on age and disease type at onset. For example, in a study
comparing disease progression in patients with adult onset
(ages 18-49) versus late onset (50 years or older) MS, sex
differences in disease progression were found only in RRMS
subjects with adult onset: in this group, men reached an EDSS
of 6 sooner than women when controlling for age and disease
duration. This suggests that female sex before the age of 50
may be protective against disease progression in RRMS. In fact,
the F:M ratio in primary progressive disease was 1:06:1,
suggesting that most sex differences are found in younger
individuals with RRMS [21].

3.2. Cognitive function and radiologic findings

Cognitive impairment (Cl) occurs in 40—70% of all patients with
MS, regardless of disease subtype [22], involving variably
deficits in attention, information processing speed, memory,
executive function, and visual spatial perception. The preva-
lence of Cl in MS increases from 30% to 40-48% patients at
2 yearsand 53% at 5 years, and may progress independently of
disease severity [23-25]. Men with MS have been reported
to experience more cognitive impairment (Cl) [26-28].
Additionally, Cl is associated with such risk factors as disease
duration, disease severity (EDSS), and the APO-E4 risk allele
for dementia in male but perhaps not female subjects [29].
There is a paucity of investigations of sex differences in
neuroimaging features in MS. Some early studies suggested a
higher T1/T2 ratio in men than in women (i.e. fewer T2 lesions
but more evolved into “black holes”), and fewer enhancing
lesions, raising the possibility of fewer inflammatory but more
destructive lesions in men, and sex differences in susceptibil-
ity to demyelination and repair [30]. A subsequent review
concluded that there was not likely a strong effect of sex on
imaging features; notably, in controlling for disability as well
as age and disease duration, the effect of sex on both disability
and imaging features might be lost [31]. More recently, an
appreciation of increased gray matter atrophy in males has
emerged [32], particularly of the thalamus, which is highly
correlated with cognitive impairment in adults [33] and
children [34] with MS. In addition to education and thalamic
volume, sex best predicts average cognition in MS patients
[35]. Studies of functional connectivity have revealed de-
creased functional connectivity and network efficiency in men
with MS, correlated with reduced visuospatial memory,
relative to women with MS or male healthy controls, after
adjusting for age, disease duration and disability [36].

3.3. Effects of disease modifying treatments (DMTs)

Very little is known about the potential effect of sex on
response to DMTs.

3.3.1. Interferons

In a study of 2750 IFN beta-treated RRMS patients in 15
Italian centers (with 41% treated for up to 2 years, 39% for
2—-4 years and 20% for >4 years), men had a significantly lower
risk for 1st relapse (p = 0.0097) and a trend (p = 0.0897) for a

higher risk to reach 1 point EDSS progression than women [37].
However, there were no sex differences in a Cleveland Clinic
study of IFNpB-1a [38]. In SPMS, there is some suggestion that
IFNB-1a may preferentially benefit women [39].

3.3.2. Glatiramer acetate (GA)

An initial post-hoc analysis of the PROMISE trial suggested
an effect of GA on PPMS in men only but not women. However,
subsequent analyses found no effect of sex on response to GA
in either PPMS or RRMS [40,41].

3.3.3. Natalizumab

In subgroup analyses of the AFFIRM (natalizumab vs.
placebo) and SENTINEL (natalizumab vs. placebo, all patients
also received interferon beta-1a) trials, there was an effect of
natalizumab on relapse rate in both men and women, but an
effect on disability progression was only in women [42]; the
authors did not control for disease duration or baseline EDSS
when performing analyses based on sex.

4. Sex differences by age of onset

Overall, peak age of MS onset is only slightly higher in men
(25 years) and than in women (24 years) [43], with some
suggestion that age at presentation is increasing over time.

4.1. Pediatric onset (first symptoms before age 18)

Generally, POMS encompasses between 2-5% of all MS cases
and is associated with a more inflammatory and relapsing
course, with short interval between relapses, hyperacute
presentation, and presence of encephalopathy [44-47].

As outlined below in greater detail, sex ratios that are
approximately balanced prior to puberty, increase to 3:1
with onset of MS around the age of 12, or puberty [45,46].

Sex does not appear to play a major role in disease course in
children [47-50]. Additionally, few studies have examined the
impact of sex on developing a second relapse after CIS; some
have found the risk after ON [51] or an acute demyelinating
syndrome [52] in females to be elevated, but others have
found no impact of sex on early second relapse after CIS
[53,54].

In acute disseminated encephalomyelitis (ADEM), an entity
mainly affecting children and adolescents and which may or
may not represent a variant of or precursor for MS [55], there
is in the balance, a slight preponderance of males [56].

4.2. Late onset (first symptoms after age 50)

Generally, onset of MS after age 50 (LOMS) encompasses
between 3-12% of all MS cases and is associated with more
frequent progressive course at onset [57,58], a more rapidly
progressive course [21,59,60], and fewer inflammatory epi-
sodes and new gadolinium enhancing lesions [58,61] than in
adult onset MS (AOMS).

The high F:M ratio in AOMS attenuates in LOMS (reported
between 1.4:1 and 1:86:1) [21,58,59,62], although there is
variability in age ranges used in these studies to characterize
*adult”, or "young” onset MS. With respect to symptoms, in
LOMS where patients are more likely to present with motor



204

R. Bove, T. Chitnis

and coordination complaints [58,59,62—64], men in particular
are more likely to present with motor symptoms than women.
Additionally, compared with AOMS, LOMS women but not men
present with more coordination problems [21].

Although, male sex exerts an independent effect on the
risk of a progressive disease onset, when patients are
stratified by disease type, LOMS men and women progressed
similarly, whereas AOMS men progressed more rapidly than
women [21]. This finding suggests that endocrine, neurobio-
logical or immunologic changes, potentially related to
menopause, may cause older women to behave more similarly
to men.

5. Potential mechanisms underlying sexual
dimorphism in MS

5.1. Immunologic abnormalities in MS

Studies of immune responses in adult-onset MS, as well as
lessons from therapeutic trials targeting various aspects of
immune response, and data generated from animal models
have led to a simplified model of MS immune-pathophysiology.
The initial step is believed to be the peripheral activation of
CD4* T cells in response to a stimulating antigen, during which
the profile of molecules including costimulatory signals and
cytokines, influences the response profile of the activated
immune cells [65]. The initial stimulating antigen is unknown,
but has been postulated to be an infectious antigen, which
subsequently causes cross-reactivity with a CNS antigen,
termed “molecular mimicry”. Subsequently, transmigration
of the activated T cells across the blood brain barrier (BBB),
involving steps of adhesion, chemoattraction and active
infiltration into the CNS leads to reactivation of infiltrating
cells within the CNS, contributing to peri-vascular inflamma-
tion and injury. Release of additional CNS antigens may result
in the recruitment of T cells with specificities for additional
CNS antigens, termed ‘epitope spreading’, which may also
serve to propagate a chronic immune response.

5.2. Effects of sex hormones on immunologic
abnormalities in MS

Sex hormones, including estrogen and testosterone, but also
progesterone and prolactin, have numerous well-studied
effects upon immune function. In addition to these effects,
these hormones may also protect against neurodegeneration,
and thus play variable roles overall on the course of disease.
These are summarized here and detailed in Chapter 4.

5.2.1. Estrogen

Animal data from experimental autoimmune encephalitis
(EAE), the animal model of MS, support the idea of a biphasic
dose effect of estrogen on inflammation. At lower levels,
estrogens may promote inflammation; however, at high levels
such as during pregnancy, estriol may shift the immune
response from a T helper 1 to T helper 2 imbalance, down-
regulating proinflammatory cytokines (TNF-alpha and IFN-
gamma) and upregulating suppressor cytokines (IL-10), and
muting inflammation. In addition to its role in inflammation,
studies of ovariectomized animals suggest that estrogen may

also be neuroprotective (reviewed in [66—68]); this may have
implications for the post-menopausal trajectory. In a pilot
clinical trial involving 10 patients with MS, pregnancy-dose
estriol was found to have beneficial effects in reducing the
number of gadolinium-enhancing lesions, in RRMS subjects but
not in progressive subjects [69].

5.2.2. Testosterone

In contrast to the primarily “female” gonadal hormones,
the potential anti-inflammatory and neuroprotective prop-
erties of testosterone remain underexplored for both men
and women in MS [68,70]. In animal models of EAE, androgen
deficiency following castration in males has resulted in a
more inflammatory milieu and increased disease activity
[71-74]. Treatment of castrated animals with testosterone,
particularly DHT (which cannot be aromatized to estrogens,
thus demonstrating androgen-specific effects) has resulted
in alleviation of symptoms and inflammation [72,75-77]. In
men with MS, relative androgen deficiency has been noted in
some studies [78-81] but these studies had important
limitations (reviewed in Chapter 12). In women with MS,
testosterone levels may correlate negatively with disability
and radiologic markers [80]. Epidemiologically, it could be
hypothesized that the later age of onset of MS in men
relative to women, may result from the age-related decline
in protective testosterone levels [82]. In a pilot clinical trial
of 10 men with MS (age < 65 years), treatment with
testosterone gel for 12 months was associated with signifi-
cant improvement in cognitive performance, slowing of the
rate of brain atrophy [83], and altered immunologic profiles
[84].

6. Effect of female reproductive exposures on
disease course

6.1. Puberty

With the onset of puberty, the F:M incidence ratios rise from
1:1 to 3:1 [44-46,85]. Early puberty in girls, but not in boys,
is associated with increased risk of MS [86]. In women with
PPMS, early puberty is also associated with more rapid
progression to EDSS 6 [87]. Thus the onset of menarche and
exposure to reproductive hormones appears to herald in an
increased risk of MS in females (see Chapter 7).

6.2. Pregnancy

6.2.1. Course during pregnancy

Pregnancy particularly the third trimester is a time of
relative quiescence for MS, with a rebound in relapses noted
in the first trimester postpartum [88,89]. The potential for
hormonal modulation of relapse risk has been investigated
[90] but has not thus far been demonstrated to be effective.

6.2.2. Breastfeeding

Breastfeeding, especially exclusive, may be protective
against postpartum relapses [91,92]. The introduction of
supplementary feeding in exclusively breastfed infants may
provide an important hormonal cue for mothers, heralding in
the increased risk of relapse postpartum. This is reviewed in
more detail in Chapter 8.
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6.2.3. Delayed childbearing
Delayed childbearing may be associated with increased
risk of MS [93,94].

6.2.4. Parity

Overall, preghancies may not negatively impact disease
course [88,95,96]. In fact, a higher cumulative number of
pregnancies may be associated with delay in reaching EDSS 6 in
RRMS women [87], and having 3 or more children was felt to be
protective in earlier studies [97].

6.2.5. Caution

The assessment of the impact of pregnancy and breast-
feeding on disease course may be confounded by maternal age
[96], and impacted by differential reproductive and thera-
peutic choices in women with MS based on their diagnosis of
MS, and by their assessment of disease severity, personal
well-being, and concerns about potential impact of disease or
treatments on their fetus [98—100].

6.3. Oral contraceptive use

Women with MS may have higher rates of OCP use than
controls [94]. In observational studies, no effect of OCP use

was observed on MS course [101,102]. Interestingly, in women
with PPMS, OCP use has been associated with increased risk
of progression to EDSS 6 [87]. In one small study of 10 women
with MS, estriol, the estrogen most elevated during preg-
nancy, given at pregnancy doses was found to reduce the
number of gadolinium-enhancing lesions on MRl in women with
relapsing remitting MS only [69].

6.4. Menopause

There are no objective published data on the impact of
the menopausal transition, or of the use of hormone
replacement therapies, on the course of MS (See Chapter
12).

7. Genetic, behavioral and environmental
interactions with sex

The observation of a rapidly increasing proportional difference
between sexes in susceptibility to RRMS, has led to an
investigation of the interactions between female sex and
reproductive hormones, and environmental (e.g. sunlight

Table 1
and progression.

exposure), behavioral (e.g. smoking, female education),

Selected genetic, environmental and lifestyle factors with potentially sexually dimorphic effects on MS disease susceptibility

Smoking

Vitamin D

Uric acid
Sunlight
Westernizing gender norms

Diet and metabolism

EBV exposure

Genetics/epigenetics

Smoking may increase the risk of MS in women only [124,125].

Potential mechanisms may include an interaction between sex and smoking to yield increased
levels of mature peripheral functioning T cells (OKT3*) in female smokers [126].

The increasing F:M ratio in MS parallels that in smoking; but in smoking a higher F:M ratio may be
driven both by decreasing rates in males [127] as well as by increased smoking rates in females
[94].

A functional synergy between 1,25(0H) D(3) and 17-§ estradiol has been observed, mediated
through estrogen receptor «, mainly in women and secondarily in men [103-105]: as a
consequence, vitamin D seems to play an immunomodulatory role in MS mainly in women [128].
Urate, an antioxidant, is significantly lower in females than males in all types of MS [129].
Sunlight deprivation has worse consequences in women than in men [130].

In some areas where the F:M ratio in MS is increasing, girls have experienced rapid increases in time
spent indoors as a result of rapid urbanization, education and participation in the workforce [8,94].
There has been a dramatic shift in women's reproductive choices and trajectories in the past
century (see text).

Overweight/obesity at ages 18-20 may double the risk of MS [131,132], but not overweight/
obesity in childhood (ages 5 or 10) or adulthood [131].

Only in female adults, obesity at MS onset may be associated with a twofold increased OR of a
relapsing course at onset [133]. It is not known whether the association between overweight/
obesity and MS is mediated by lower levels of vitamin D in overweight patients [134]
Estrone produced by adipocytes may represent an important source of inflammatory signaling
in both men and women.

Anti-Epstein—Barr VCA immune globulin G levels may be positively correlated with female sex
and HLA DR2 [135].

Genome-Wide Association Studies have historically controlled for sex, potentially ignoring an
effect, if present, of SNPs on MS risk in one sex only.

There may be a maternal parent of origin effect in transmission of the risk of MS, and of the
HLA-DRB1*1501 risk allele, even when the mother is not affected ([136], reviewed in [6]).
The HLA-DRB5*0101—HLA-DRB1*1501—-HLA-DQA1*0102—HLA-DQB1*0602 extended haplotype
is more common in female than in male patients [137], has a higher F:M ratio in MS subjects
than in controls [138], and in families with 2 generations of MS, females in the latest
generation have an increased frequency of HLA-DRB1*15 [139]. These findings suggest a
sex-specific interaction between genes and environment leading to epigenetic regulation [6].
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genetic and epigenetic (e.g. MHC Class Il haplotypes) risk
factors. These are summarized in Table 1, and are further
reviewed in Chapters 3 and 5. Further studies should continue
to investigate interactive effects; for example, since estradiol
and vitamin D levels are noted to interact [103—105], as are
vitamin D receptor polymorphisms and HLA susceptibility
alleles [106], could this locus of interactions explain some
sexual dimorphism in MS risk? It should be noted that gender
bias in recall of exposures may play an important role in some
studies reporting sex differences in environmental risk factors
[107,108], with men underreporting exposures relative to
women.

8. Sex differences in non-demyelinating
aspects of MS

In addition to sex differences in demyelination and disease
progression, there may also be sex differences in the
co-morbidities, disease sequelae and mortality associated
with MS.

For example, in one survey of 4700 patients with MS who
were commercially insured and taking a DMT, in adjusted
analyses women reported better awareness of disease
symptoms, of exacerbation management and of treatment
options, suggesting that men may require additional educa-
tion and support in managing their disease and treatments
[109]. In terms of quality of life, men experience more Cl
than women (see above), reduced quality of life with
respect to mental well being, and greater impact of
perceived disability on quality of life [110]. Conversely,
women may experience reduced quality of life in physical
functioning dimensions [111] (although contradicted by
[112]), including more persistent fatigue [113], pain,
discomfort, [114,115], and sexual dysfunction [116], with
decreased attention paid to their needs [115]. Little is
known about sex differences in terms of co-morbidities and
osteopenia, two common features of MS [117,118]. Finally,
in terms of life expectancy, female patients likely have a
longer median time to death and higher survival rates than
male patients [17,119-121] although this is not borne out in
all studies [122,123]. Nonetheless, women with MS may
experience a higher relative risk of dying compared to
women in the general population [119]. More research is
needed to clarify sex-specific unmet needs in these areas.

9. Conclusions

Sex differences in MS incidence and severity result from a
complex interaction of hormonal, genetic, and epigenetic
factors. MS affects three times more women than men; yet
in men disease onset is later and course is more rapidly
progressive. The potential role for epigenetic modifications
in the pathogenesis and progression of MS may further clarify
how genetic, hormonal and environmental risk factors
interact in the development of MS in men and in women.
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