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Outline

• Sex differences in susceptibility to MS

• Sex differences as major MS modifier on disease activity
and progression.

• Sex differences in treatment response

• Impact of exogenous hormones on MS immune response
and disease activity



Women are more susceptible to MS than men

women to men ratio

Global

Early onset (<17 years)

2:1

3:1

Sex and MS susceptibility



Potential factors involved in the sex bias in MS

Sex and MS susceptibility

1. Sex-related differences in immune responsiveness and in
responses to infection

• Women have a stronger TH1 immune response mediated by
interferon gamma (Zhang MA et al 2012).

• Animal studies have shown that female mice have greater
antibody production capacity, increased cell-mediated
responses, and increased production of interferon gamma, IL-1,
and IL-6 compared to males (Edinger D et al 1972)

• Immune responses to myelin Ag are greater among women
with MS than among men with MS (Moldovan IR et al. 2008).



Potential factors involved in the sex bias in MS

Sex and MS susceptibility

2. Different responses to environmental factors (sun
exposure and vitamin D supplements)

• only female EAE mice had a milder disease course upon feeding
with a vitamin D enriched diet (Spach KM, 2005)

• supplementary vitamin D has been shown to have a greater
immunomodulatory effect in women with MS than in men
(Correale J, 2010)



A female specific increase in the incidence of MS over 
time has been documented  

Sex and MS susceptibility



• Female to male ratio increases
with time (from 1.9 to 3.2)

•No possible counfonders identified

• Effect indipendent of diagnostic
changes (its progressive nature and
the use of year of birth as the
predicting variable make it unlikely that
the findings could be explained by any
artifact related to ascertainment).

[Orton et al. 2006]

Sex and MS susceptibility
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Plot of sex ratio by year of birth in MS patients stratified by latitude

n=4135; p < 0.0001

(1.96 - 4.55)

eβ1[yob] = 1.016

n=5864; p < 0.04

(1.46 – 2.31)

eβ1[yob] = 1.005

n=5532; p = 0.37

(3,53 – 2.57)

[Graziano et al PLoS One 2012]

Sex and MS susceptibility
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The increase of the F/M ratio arises mainly from an increase in the 
number of female patients with RRMS

n=3445; p < 0.0001

(1.93 - 4.39)

eβ1[yob] = 1.014

n=435; p = 0.28

(1.38 – 0.93)

[Graziano et al. PLoS One 2012]

Sex and MS susceptibility



Sex and MS susceptibility

Danish Multiple 
Sclerosis Registry

• The incidence of MS in women
has more than doubled over 60
years, and in the same period,
it has only moderately
increased in men (24%).

• The increase in women was
most prominent with onset of
MS at age 50 years or older

19,536 cases with clinical onset
from 1950 to 2009



Potential factors involved in the increased 
susceptibility in women

Sex and MS susceptibility

• genetic (??)

• gene-environment interaction (including sex differences in
expression and environmental effects on candidate genes on the X
or Y chromosome)

• lifestyle changes (contraception, diet, obesity, smoking, sunlight
exposure, vitamin D deficiency, higher age at first childbirth, and
fewer life-time pregnancies).



Potential life style changing involved in the 
increased susceptibility in women

Sex and MS susceptibility

[Bove R et al Mult Scler 2014]



Sex and MS susceptibility

[Bove R et al Mult Scler 2014]

[Goluld A et al Neurology 2013]

Potential life style changing involved in the 
increased susceptibility in women



Potential factors involved in the increased 
susceptibility in women

Sex and MS susceptibility

[Munger KL et al Neurol 2009]

• Adipose tissue produces and releases a variety of proinflammatory cytokines, 
including leptin, which promotes Th1 responses and reduces regulatory T-cell 
activity

• It is well-known that obesity is potentially associated with increased estrogen 
levels in both sexes  and lower androgen levels in males



• Sex differences in susceptibility to MS

• Sex differences as major MS modifier on disease activity and
progression.

• Sex differences in treatment response

• Impact of exogenous hormones on MS immune response and
disease activity

Outline



Gender as MS modifier

The course of the disease is different between sexes

• Women have an increased risk of developing clinically-definite MS after a
first demyelinating event

• [Optic Neuritis Study Group et al , 2008]

• Women have more often a benign form (F/M ratio 4:1)
[Hawkins S.A., 1999, Bove R and Chitnis, 2013]

• Women have more often a RR course and higher relapse rate. The
progression is little slower in women

• [Duquette P.,1998, Confavreux C., 2003, Kalincik T. 2013]

• Males are more likely to display a progressive disease onset, poor
recovery after initial attacks, more rapid rapid clinical progression and an
overall more malignant course.



Gender as MS modifier

The course of the disease is different between sexes

• Males with MS may also be at higher risk of developing cognitive
impairment [Benedict et al 2011]

Males with MS and cognitive decline may be more likely to carry the
apolipoprotein e4-e4 risk allele for dementia [Savettieri et al 2004].



Gender difference in brain damage in MS

Men are prone to develop less inflammatory but more destructive lesions than women 
supporting a modulation of MS pathological changes by gender.

Mean No. Gd-enhancing lesions Mean No. T2-hyperintense lesions

Mean No. T1-hypointense lesions
T1/T2 ratio: proportion of demyelinating 
lesions becoming “black holes”

M vs F: 
1.24 vs 1.86 
p=0.01

M vs F: 
19.1 vs 15.8 
p=0.09

M vs F: 
48.3 vs 50.1, 
p=ns

M vs F: 
0.38 vs 0.29, 
p=0.001

[Pozzilli C et al. 2003]

Gender as MS modifier



Gender difference in brain damage in MS

Gender as MS modifier

Gray matter atrophy (particularly thalamic) is noted to
be particularly harmful for cognition, functional
connectivity and network efficiency.

Female

Male

Most deep GM volumes were reduced in patients,
with larger effects on average in men (-11% vs -6.3%)

120 pts
early inception cohort, 6 yrs
postdiagnosis

44% below male 
controls

5% below male 
controls



• Uric acid is a natural anti-
oxidant and a peroxynitrite
scavenger.

• Low urate levels could be of
significance in predominantly
inflammatory phases of MS
even at the early stage and
mainly in females.

Gender difference in brain damage in MS

Gender as MS modifier

Higher Hcy levels are associated with male sex,
suggesting a role of Hcy in neurodegenerative
processes of MS, which are prominent in male
patients



Hormones reflect a double-edged sword

Estrogen and their effects on brain pathology

Gender as MS modifier

No convincing data that low level of ovarian hormones are disease promoting

Estrogens in high levels, especially estriol in the levels found in pregnancy, can
reduce EAE (Kim S. Neurology 1999)

Oral ethinylestradiol suppresses EAE (Subramanian S, J. Immunol. 2003)



Puberty and MS

Several lines of evidence suggest that the pubertal
period may be a key regulator of MS risk.

1. Dramatic female-specific increase in MS risk after puberty [Chitnis T. et
al. 2013]

2. Earlier puberty is a risk factor for MS [Chitnis, 2013]

3. Being >15 years of age at menarche was associated with a lower risk of
MS/CIS [Langer-Gould A. et al 2018]



Pregnancy and relapse 

[Confavreux 1998] 



Pregnancy: 
downregulation of cellular immune responses



Menopause and MS

In late onset MS (LOMS), MS (onset after age 50)

• The F:M sex ratio decreases to a range of 1.4–1.9 to 1

• There are fewer differences between males and females in the time to
reach an EDSS of 6, even when stratifying for disease type.

[Bove R. et al. 2012]



• Data showing that high level of testosterone in young male mice is
protective: removal of physiological levels of testosterone from male mice
via castration increased disease susceptibility

• In male the onset of MS tends to be relatively later in life (30s-40s),
coinciding with the beginning of the decline in bioavailable testosterone

• It has been reported the 24% of male MS patients had significantly lower
levels of testosterone as compared to age matched healthy men

[Palaszynsky Neuroimmunol 2004, Liva J. Immunol 2001, Voskull Lancet Neurol 2011]

Testosterone and their effects on brain pathology

Gender as MS modifier

Thus has been postulated that relatively high levels of testosterone
in young men may be playing a temporarily protective role in men who
are otherwise genetically predisposed to developing MS



In men with MS : 

an association of low baseline testosterone levels with disease
severity and with longitudinal changes in cognition was found,
suggesting that testosterone treatment may potentially have a
higher benefit/risk ratio in MS patients, relative to a healthy
population

Gender as MS modifier



• Sex differences in susceptibility to MS

• Sex differences as major MS modifier on disease activity and
progression. Pregnancy-andropause.

• Sex differences in treatment response

• Impact of exogenous hormones on MS immune response and
disease activity

Outline



Male patients respond to IFNbeta treatment differently than females

Endpoint IRR 95% CI p-value

Time to 1st bout 0.87 0.77-0.97 0.0164

Time to 1 point EDSS 
progression

1.17 0.98-1.40 0.0882

PS-matched Cox regression time 
Males vs Females

Gender and treatment response

2570 IFN beta treated MS pts (in 15 Italian MS Centers). FU: 7 years



Male patients respond to IFNbeta treatment differently than females

Gender and treatment response

a. Differences in immune response and inflammatory reaction
between sex (>in women), higher susceptibility to
degenerative processes in men might explain the different
efficacy of the treatment

b. Moreover modification and increase of estrogen and
progesteron receptors induced by IFNβ treatment might play,
also, a role in the different response between females and
males



In SENTINEL study, natalizumab significantly reduced the
risk of sustained disability progression in the following
subgroups:
or = 9 T2 lesions at baseline, 
> or = 1 Gd+ lesions at baseline, 
female patients *
 patients < 40 years of age.

Females respond to Natalizumab treatment better than males

Gender and treatment response

[Hutchinson et al. Ann. Neurol. 2007]

*The authors did not control for disease duration nor baseline EDSS in these analyses.



Results in male patients demonstrated that GA significantly delayed time to
sustained progression of accumulated disability compared with PBO treatment

(p=0.01)

[Wolinsky JS et al. Ann. Neurol. 2007]

Gender and treatment response



• Sex differences in susceptibility to MS

• Sex differences as major MS modifier on disease activity and
progression. Pregnancy-andropause.

• Sex differences in treatment response

• Impact of exogenous hormones on MS immune response and
disease activity

Outline



Relapsing Remitting pts
treated with oral estriol
(8 mg/day) demonstrated
decreased gd-enhancing
lesion numbers and
volumes on MRI.

When estriol treatment
was stopped, enhancing
lesions increased to
pretreatment levels

Exogenous hormones to treat MS

A first pilot trial of 8 mg oral oestriol per day



Exogenous hormones to treat MS

One year of treatment with testosterone gel was
associated with improvement in cognitive performance
(P =.008) and a slowing of brain atrophy (p.001).

CROSSOVER DESIGN: pre treatment: 6 months; treatment: 12 months



Exogenous hormones to treat MS

[Pozzilli Cet al. Neurol Neuroiflamm. 2015]

ethinylestradiol 20 mg and 
desogestrel 150 mg 

ethinylestradiol 40 mg and 
desogestrel 125 mg 

IFN beta 

24 months follow-up 

150 women with RRMS
Randomization 1:1:1

The primary endpoint:
cumulative number of combined unique
active (CUA) lesions on brain MRI at 2 yrs



Exogenous hormones to treat MS

• 164 patients: 
• 83 “estriol group”: daily oral

estriol (8 mg) + GA
• 81 “placebo group”: placebo + 

GA
• The primary endpoint was ARR after

24 months

“Estriol plus glatiramer acetate met our criteria for reducing relapse rates, and
treatment was well tolerated over 24 months. These results warrant further
investigation in a phase 3 trial”.





Breastfeeding

[Langer-Gould A. et al 2018] 

397 patients
433 HC 

“a cumulative duration of breastfeeding for >15 months was associated with a
reduced risk of MS/CIS” … Protective role of anovulation?



Breastfeeding and post partum relapse 

[Portaccio E, Amato MP  2019]



[2013]

• Sex differences in the regulation of the gut microbiome

“We have identified a direct interaction between
sex hormones and microbial exposures and show
that microbiome manipulations can provoke
testosterone-dependent protection from
autoimmunity in a genetically high-risk rodent
model”.

Gender as MS modifier


