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ABSTRACT 
 

Multiple sclerosis, along with other well-recognized immunnologically-mediated 

diseases, has a strong female predominance, as it has long been studied throughout the 

years. Sexual dimorphism, specifically in MS, can be reviewed initially and considered 

the most primitive anatomical and physiological differences encountered in the human 

brain such as diminished white matter volume density and increased gray matter volumes 

in women, as well as a higher water content in women‘s white matter compared with 

men‘s. Endocrine and immunological aspects are exceedingly relevant where estrogen, 

specifically estriol at a high dose similar to that of a normal pregnancy, has been shown to 

decrease the volume and number of gadolinum-enhancing lesions in female brains, though 

side effects overcome its benefits. Progestins have been implied in an accelerated 

myelinization in vitro models. Recently, a preferential interferon gamma response to 

multiple myelin peptides in comparison to IL-5 response to the same myelin epitopes 

when compared to male subjects has been demonstrated. Pregnacy is another relevant 

topic whilst revewing women and MS. Great controversy has risen over the initial 

recommendation of therapeutic abortion. It is now clear that pregnancy induces a natural 

shift towards a humoral TH2 response as a result of an increase in TH2 favored cytokines, 

particularly IL-10 produced by the foetal-placental unit. In response, there is a decrease in 

IL-2 and IFN gamma, which in turn provides a protecting mechanism of pregnancy over 

disease evolution and severity.  

Unequivocal fluctuations of the disease‘s symptoms and signs such as depression, 

spasticity and paresis are accentuated during menses and post-menopause periods. 

Special considerations have to be made when referring to treatment options due to 

more severe side effects of disease-modifying agents in women. Physiological conditions 

known to increase relapse rates, the post partum period, need to be carefully evaluated 
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when considering treatment options. Last, but not least, the impact of MS on quality of 

life and other psychosocial issues must be meticulously studied and cared for as are the 

remaining MS topics in women previously outlined. 

 

 

BACKGROUND 
 

Multiple sclerosis (MS), a chronic demyelinating disease, is the most common 

neurological illness among young women in some countries [1,2]. Efforts made in basic and 

clinical research have not yet clarified the aetiology of MS. To date, histopathological studies 

involve the autoimmunity hypothesis that together with an infectious agent subsequently 

activates T-cells, mediating a myelin protein attack [3]. It has been noted that infectious 

agents play a strategic role as precipitating events in genetically susceptible individuals [4]. 

There is growing interest among neuroscientists regarding the association between 

various neurological diseases and gender [5], in this case the female gender. A most 

representative example of this association is MS, together with other autoimmune and 

demyelinating diseases. The immune, endocrine and nervous systems hold a very complex 

interconnection not exclusively anatomical but through a network of receptors with 

hormones, transmitters and peptides. The human brain is sexually dimorphic, and although 

the male and female brain are of similar same size there are vast regional differences that 

could be attributed to the perinatal influence of sex hormones. Female enhanced 

immunological responses share one more possible explanation that could help explain why 

immunologically-mediated diseases are far more frequent in women. The following chapter 

will focus on these observations and other sex-related differences concerning MS 

presentation, signs and symptoms, therapies, response to treatment and quality of life among 

this patient population. 

 

 

 

THE ROLE OF ESTROGENS, PROGESTERONE AND 

TESTOSTERONE IN MS 
 

The following area of inquiry is probably one of the most important ones when 

attempting to offer a comprehensive analysis that can help explain the association between 

MS and gender. Sex hormones not only have a direct effect on the central nervous system 

(CNS) but also share a strategic link to the immune system response by determining the 

immune response type (TH1 or TH2) following the type of hormone present. Women with 

MS experience a less torpid and severe disease course than men, although the disease is much 

more common among women. Hormonal differences are, then, easily responsible for these 

and other sex-related differences observed in MS [6]. 

Gonadotropin-releasing hormone (GnRH) plays a crucial role in the release of sex 

hormones and intake control of the hypothalamic-pituitary-gonadal axis. Neuronal secretion 

of GnRH takes place in the human brain in the dorsal, basal and medial area of the 

hypothalamus and in the hypothalamic infundibulum and periventricular areas. GnRH directly 
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binds to a membrane receptor in the pituitary gland promoting the release of luteinizing 

hormone (LH) as well as of the release and regulation follicle-stimulating hormone (FSH). 

GnRH secretion occurs in a pulsatile fashion. Steroid hormone action exerts a direct effect 

over the pituitary gland and the hypothalamus, GnRH is released and this in turn releases 

FSH and LH [6]. 

There is a significant influence of distinct CNS neurotransmitters over the release of 

GnRH. An example is the role that glutamate and norepinephrine play by exercising a 

stimulant effect. Other neurotransmitters such as GABA and some opioids have been shown 

to have the opposite effect. Large amounts of estrogenic receptors for steroid hormones are 

found in the CNS; estrogen steroid receptors are divided into two groups: estrogenic receptor 

alpha (ER alpha) and estrogenic receptor beta (ER beta); the latter was described in 1986 and 

its receptors are predominantly expressed in the cerebellar areas and in the substantia nigra. 

ER-beta has been involved in some types of memory functions, while ER alpha is located in 

the hypothalamus, pituitary and amygdala and is therefore strictly associated with the 

neuroendocrine system [6]. 

Progesterone receptors are directly induced by the presence of estrogens and share a very 

similar location to the ER alpha and ER beta, that is, they are located in the hypothalamus 

including the ventrolateral, ventromedial, preoptic and arcuate nucleus. 

Androgenic receptors are also expressed in the hypothalamic regions, medial preoptic 

nucleus, arcuate and ventromedial hypothalamic nucleus, amygdala, septal regions, stria 

terminalis, solitary tract nucleus and parabrachial nucleus. 

It is worth noting a dual form of estrogen regulation between the hypothalamus and 

GnRH. In the positive feedback loop there is an increase of GnRH secretion in response to 

estradiol and to a heightened pituitary sensitivity to GnRh, while in the negative feedback 

loop the opposite mechanism takes place; it inhibits FSH and LH secretion and diminishes the 

pituitary response to GnRh. The complex relationship of the neuroendocrine system and the 

ovarian sex hormones brings about the ovarian cycle.  

The first day of the menstrual cycle, known as day 1, is the initial day of the menstrual 

bleed. During this period, small amounts of estradiol are produced by the ovarian follicle 

cells. The LH pulses increase with an accompanying smaller increase in the FSH. Together 

they stimulate growth both in size and number of ovarian follicles, which in turn produce 

higher levels of estradiol that act directly upon the negative feedback arm of the 

hypothalamic-pituitary-gonadal axis. Consequently, the LH pulses are reduced up to a 90-

minute pulse. Interestingly, the growth of the ovarian follicle enhances estradiol production, 

giving way to a pronounced GnRH secretion and an increased concentration of FSH and LH 

concentration. This process determines ovulation when the follicular wall ruptures. The 

mature ovule secretes large amounts of progesterone and less estradiol leading to the luteal 

phase of the ovarian cycle. The negative feedback loop of the hypothalamic-pituitary-gonadal 

axis decreases LH pulses and FSH concentrations. The corpus luteum is formed in the final 

phase of the ovarian cycle when it does not receive the input of human gonadotropic 

hormone; the ovule is fertilized and therefore experiences a spontaneous involution in up to 

14 days. This process diminishes the levels of progesterone and estradiol and initiates again 

the menstrual cycle by increasing FSH and LH pulses originated by the positive feedback 

loop [6]. 
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The association between sex hormones and various aspects of demyelinating diseases 

specifically MS have been studied previously. It has been demonstrated that estradiol and 

estradiol combined with progesterone are able to prevent or delay the onset of allergic 

experimental encephalomyelitis (EAE) or even offered as a treatment option in animal 

models. Estradiol induces an immunosuppressive state in murine models of EAE. Research in 

this area has shown that decreased physiological levels of estradiol in blood are capable of 

diminishing of severity EAE while others confirm that supraphysiological doses, such as 

those observed during pregnancy, must be given in order to ensure these positive effects [7]. 

Other studies demonstrate a certain neuroprotective effect of estrogens and its metabolites 

over the CNS. They are known to act as potent antioxidants by means of complex interactions 

with neuronal membranes as well as intracellular transmitting pathways [8]. These positive 

estrogenic effects are significant not only in demyielinating diseases such as MS but in other 

chronic degenerative diseases such as stroke [8]. 

Similar to the above description, progesterone shares positive effects over MS. 

Progesterone can be synthesized within the CNS due to diverse enzymes in charge of this 

process. These enzymes can be found in several CNS locations, although the main 

synthesizing site is located in the ovaries in women and in the suprarenal glands in men. 

Progesterone can also be synthesized at a more regional level, through the Schwann cells, 

leading to the formation of new myelin sheaths that can be observed in rat oligodendrocytes 

[9] thereby suggesting a crucial role of this hormone in the biosynthesis of myelinization. 

Other rat models have demonstrated evidence related to the influence of progesterone over 

myelin sheath thickening as well as over remyelinization and sheath preservation [10]. 

Progesterone receptors have been found in rat oligodendroctyes. On the other hand, this 

sexual steroid has been strongly implicated in the early development of the CNS. 

Progesterone reaches its maximum levels in the early stages of the brain formation in rats. It 

also provides a neuroprotective effect following severe traumatic brain injury in rats where a 

dramatic increase in its levels is observed immediately after the injury followed by a posterior 

progressive decline on subsequent days [11]. 

Hormonal levels of testosterone seen in adult men suffering from MS favour the 

formation of a smaller number of anti-inflammatory lesions when compared to female 

patients with MS who have far lower levels of circulating testosterone. Testosterone as well 

as 17-B-estradiol, the latter synthesized from the testosterone provided by the ovaries‘ 

granulosa layer, diminishes gliosis reactions as well as astrocyte proliferation. An interesting 

finding associated with gender is that testosterone accounts for a deleterious effect ending in 

neuronal death mediated by oligodendrocytes excitotoxicity. These reactions are specifically 

enhanced in women probably due to a more pronounced testosterone receptor binding 

capacity that consequently leads to more excitotoxicity and to more neuronal death [12]. 

Tomassini et al. included 35 women and 25 men and analysed the correlation between 

steroid hormone levels and magnetic resonance imaging (MRI). The authors concluded that 

testosterone levels are reduced in women with MS, and particularly during the active phase of 

the disease [12]. Other research protocols have supported the previous findings when 

observing an increase in MS incidence among male mice after they are castration which 

results in a significant decrease of testosterone serum level [13]. In in vivo studies, 

testosterone can be converted into dehydrotestosterone (DHT) and estradiol. Experimental 
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models carried out on EAE models have noted an increased production of interleukin-10 (IL-

10) by mouse‘s splenocytes. In the same way, testosterone acts through the androgenic 

receptors stimulating CD4+ lymphocytes, therefore favouring IL-10 production, characteristic 

of a TH2 immunological response which has been known to induce a protective effect over 

EAE evolution. Sadly, results so far exploring the use of DHT or testosterone as a treatment 

option for MS patients have proven discouraging though only providing a beneficial effect on 

EAE evolution using high doses (up to 15 mgs) of DHT while lower doses (5 mgs) failed to 

show a favourable outcome over disease evolution in experimental mice models. Androgens 

have also failed as therapeutic options due to the high incidence of important side effects in 

women [14,15]. 

To highlight another important fact, the presence of high levels of estrogens, prolactin 

and non-pulsatile basal levels of growth hormone in combination with testosterone in low 

concentrations originate a TH1 immunological response, which as will be discussed later on, 

make women a more susceptible target for many other immunologically mediated diseases 

including MS [13]. 

The influence of sex hormones in MS can be best illustrated in the area of assisted 

reproduction techniques (ART) which have been recently studied. Infertility rates are not 

higher among female patients with MS, although 15% of women in the general population 

suffer from this condition. An increase in relapse rates of MS in women with MS subjected to 

different ART techniques was described by Kristen et al., in a study that included six women 

with relapsing–remitting MS and infertility who underwent 14 hormonal cycles for ART. 

Each cycle included either LHRH agonists, LHRH agonists with gonadotropins and 

choriogonadotropins or LHRH antagonists. Both treatment schedules were followed by 

administration of progesterone to sustain the luteal phase. Neither regimen demonstrated 

striking differences on the course of MS, although when subsequent analysis was done the 

authors found an increase in the yearly rate of MS relapse rate. They concluded there were no 

differences found among the three different treatment schedules. Participating patients did not 

display relapses during the three months prior to the beginning of infertility treatment 

although five of the six patients had relapses three months after the treatment was concluded. 

The explanation for these observations is that LHRH agonists and antagonist share the 

common effect of reducing estrogen levels, therefore decreasing the latter immunomodulatory 

mechanism [16,17]. In another study, four patients received four and two patients received six 

hormonal cycles in order to undergo in vitro fertilization. The treatment schedule included 

LHRH agonists or LHRH antagonists in addition to recombinant FSH. Increased annual 

relapse rates where also observed with at least one relapse occurring during three months 

after treatment was concluded. An interesting finding in this study was that after analyzing 

the two different hormonal cycle techniques only LHRH agonists but no antagonists, in 

combination with recombinant FSH showed a rise in relapse episodes. This increase in 

relapses was not observed when patients were treated with LHRH antagonists. LHRH 

agonists have a direct effect upon T-cells, therefore favoring the expression of adhesion 

molecules relevant to disease activity [18]. Although both studies are limited due to their 

small sample size, important similarities between them where found that must be considered 

when using the different alternatives mentioned above in women with MS and infertility. 
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GENDER, IMMUNE RESPONSE AND MS 
 

A recent review of the literature concluded that MS is facilitated by a TH1 CD4+ 

immune response. These observations are on the fact that EAE cannot be transmitted to 

another organism through antibodies, therefore it can be considered a cellular mediated 

immunological disease. The CD4 + T cells contribute to the inflammatory process by 

favoring inflammatory cell infiltration within the CNS [19]. Proinflammatory cytokines that 

participate in the physiopathology of MS include IL-2, Interferon (IFN) - gamma, IL-12, and 

TNF alpha. TNF alpha is involved in toxicity mediated mechanisms affecting 

oligodendrocytes while IFN gamma levels are found to be higher, preceding the disease‘s 

relapses. It is also important to take into account the role of IL-10, an anti inflammatory 

cytokine characteristic of a TH2 mediated type of response, able of suppressing EEA 

presentation. Additionally other anti-inflammatory cytokines such as IL-4 and IL-5 are able to 

induce an inhibiting response over the TH1 type inflammatory response [20]. 

Maldovan et al., showed important differences in the inflammatory responses of women 

when compared to men specially in response to the main antigens known to mediate MS 

attacks; PBM, MOG and PLP. Further studies extended antigens to include PLP exclusively. 

The most significant finding included an enhanced IFN gamma response in women while 

men exhibited a greater IL-5 response. Nevertheless, when analyzed, TNF alpha and IL-10 

did not show similar differences among gender. An increase in the proportion of TNF alpha 

producing CD3 cells was found, but only among men; It is worth noting that this increase was 

observed in attacks towards PLP mitogens exclusively during MS relapses. Eikelemboom et 

al. failed to demonstrate significant differences in cytokine response in women when 

compared to men [21]. The sex differences described above are only observed in the relapse 

remission (RRMS) forms of the disease and not in the secondary progressive (SPMS) or other 

forms of the disease [22]. When addressing SPMS presentations only IL-2 producing CD3 + 

T cells have been found. Another significant difference among the sexes is that the TNF 

gamma producing CD3+ T cells were found to be correlated with scores in the Expanded 

Disability Status Scale (EDSS) but only in women patients [22]. 

 

 

GENETICS AND GENDER IN MS 
 

The existence of certain genes, particularly the HLA subtype DR and DQ, that confide an 

important risk of suffering MS is a crucial finding. Amongst these haplotypes the DR15 

(DRB1 1501, DRB1 1501, DRB5 0101, DQB1 0502 AND DQA1 0602) are the most 

common. There is an association reported in the Japanese population of the HLA DPB1 0501 

allele in accordance to a very specific form of MS presentation and prevalent among the 

Japanese: the optico-spinal form of MS. 

When addressing this variant in MS presentation, researchers stumbled upon the HLA 

haplotypes that were more prevalent among Japanese women when considering the more 

conventional forms of MS, the HLA DPB1 0501 and HLA DRB1 1501. Nevertheless, there 

is a specific association of HLA DPB1 0501 in both women and men when considering the 

optico-spinal variant of MS in this ethnic group [23]. The increased risk of suffering MS in 
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first degree family members of patients has been long described. The risk of acquiring the 

disease is 15-35 times more than in the general population. It is also known that disease 

susceptibility is associated in the same way to various X chromosome regions [24]. This 

association has been proposed based upon the fact that MS is more common among women 

and an X-linked dominant type of inheritance would be able to explain the 2:1 sex ratio 

frequency. One of the most susceptible regions of the X chromosome implicated in MS is the 

Xp22 region. It is highly associated with the HLA DRB 15 haplotype, known to be present in 

MS patients [25]. The Xp11 region has also been associated with the HLA DRB1*15 

expression which also confers a certain risk of suffering the disease. Interestingly, this same 

locus has been associated with other autoimmune, female- predominant diseases such as 

rheumatoid arthritis and Graves‘ disease, which share similar physiopathological mechanisms 

with MS [25]. It is important to note that other investigations have failed to support these 

observations [24]. 

Much has been debated regarding the Carter effect on MS offspring. The Carter effect is 

characterized by a higher genetic disease load in individuals of the least affected sex, which 

can be transmitted to their offspring [26]. According to this hypothesis, when applying the 

principle to MS, a higher transmission rate can be predicted by affected males. The Carter 

effect was first described in pyloric stenosis and later was described in malignant melanoma 

and atopic patients. In the same way, the effect should be more common among families with 

multiple affected individuals when compared to single-individual affected families. Kantaki et 

al. demonstrated the presence of the Carter effect when proving a 2.2 fold increase in paternal 

transmission as compared to women. These findings were independent from the sex of the 

affected or unaffected offspring, although it is believed that there is a tendency for the 

affected parent of an offspring to be of the same sex [27]. In accordance to this same effect, 

Sadnovick observed a 12.2% risk in patients with an affected father to have an affected child, 

whereas a 3.3 risk was observed when dealing with mothers (affected mother of a patient with 

an affected child) [28]. However, The Canadian cohort failed to demonstrate these sex related 

observations although they positively concluded differences in terms of disease presentation 

and MS characteristics depending on the sex of the affected parent. An earlier age of onset 

was found among daughters of female patients, while fathers were able to transmit a PPMS 

form of the disease to their sons [29]. The Carter effect points to a polygenic form of 

inheritance where women with MS are more influenced by environmental factors than men. 

 

 

MS SYMPTOM FLUCTUATION DURING THE 

MENSTRUAL CYCLE 
 

To date there is significant evidence of the changes observed in MS patients that take 

place during particular and specific hormonal conditions, pregnancy is one of them .Only a 

few investigators take into consideration the fluctuations of either pre-existing or new onset 

symptoms displayed during the menstrual cycle when compared to other well established 

neurological conditions such as migraine or epilepsy [30]. 

Authors emphasize the worsening of pre-existing symptoms observed in patients during 

the luteal phase (days 20–28 of the menstrual cycle) which is characterized by the presence of 
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elevated levels of progesterone and low levels of estradiol. The relapsing-remitting forms of 

MS are known to display these pronounced effects although other clinical presentations have 

not consistently corroborated this finding [31]. Prior to the beginning of the menstrual cycle a 

diminished amount of circulating progesterone, estradiol and inhibin is observed. Research 

supports this abrupt hormonal descent that helps explain the negative effects on MS 

symptoms. The decrease in progesterone accentuates Na-K-ATP-ase bomb activity and when 

inhibited shows a partial improvement in MS symptoms. The reduction that takes place in 

inhibin which facilitates an increase in gamma interferon production. In the presence of 

gamma interferon there is an enhanced disease activity [32]. 

The now classic research carried out by Smith and Studd reported a worsening of 

symptom presentation observed in up to 82% of patients during the premenstrual phase of the 

cycle [33]. The symptoms commonly described where the changes were more pronounced 

included spasticity, motor and sensory symptoms including pain, fatigue, gait disturbances, 

cerebellar symptoms and coordination, visual and sphincteric function. The increase in 

symptom severity commonly occurs around seven days before and during the menstrual 

bleeding [34]. Another study conducted by the Groningen Neurological group in the 

Netherlands (1997) found symptom worsening during the premenstrual cycle among a smaller 

number of patients, almost half (43%) of the one reported Smith and Studd study [32]. They 

concluded that symptom worsening can be attributed to blockage in nervous conduction or 

slowing of neuronal conduction in the pathways that had previously displayed demyelination 

[32]. Another interesting finding was that female patients that were free of symptom 

fluctuation were taking oral contraceptives which inhibit ovarian steroid production, offering 

a possible beneficial effect over disease symptomatology and course. 

Other observations include the clear cut worsening of MS during the postmenopausal 

period. Hormonal changes during this period are due to a total absence of ovarian follicles. 

The granulosa layer of the ovarian follicles produce inhibin and estradiol. When these two are 

no longer present a disinhibition of gonadotropins takes place resulting in an increased 

secretion of LH and of FSH. The rising levels of LH maintain testosterone and 

androstenedione production which progressively result in a full-blown postmenopausal 

period. The most dramatic change in this hormonal state is a markedly decreased circulating 

level of estradiol. Estradiol in postmenopausal women derives from the peripheric conversion 

of androstenedione, estrone and estradiol. Estrogens provide protection over MS distinct 

evolution patterns through a variety of mechanisms. The most striking finding accounted for 

is that of an anti-inflammatory effect due to a modulation of granulocyte cell function, 

diminishing leukocyte adhesion and suppressing interleukin IL-2. This in turn provides a 

resulting mechanism of MS symptomatic worsening during the postmenopausal period [35]. 

Another area of inquiry has centered on gender differences in MS symptoms and imaging 

studies. There seems to be a predominance of inflammatory lesions that are correlated with a 

larger number of gadolinium enhanced lesions in women‘s magnetic resonance imaging 

studies in women as compared to males, that display more destructive lesions, and more black 

hole formations as seen on T1 weighed images [12]. An interesting research question that can 

be derived from this finding would be to characterize the changes observed in female 

patient‘s MRIs through the different phases of the menstrual cycle providing an objective way 

of measuring and assessing symptom fluctuation during cycle length. 
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In 1999, Bansi et al. studied 30 female patients with MS. MRI images, serum estradiol 

and progesterone level measurements were made during the early follicular, late follicular and 

luteal phases. They concluded that an increase in the number of gadolinium enhanced lesions 

can be observed in patients with elevated levels of estradiol and lower levels of progesterone. 

Increased gadolinium enhanced lesions also display an increased 17-beta-estradiol to 

progesterone ratio [36]. Similar findings were corroborated by other authors [37]. 

After a diagnosis of MS is made, clinicians must take into account changes in symptoms 

and lesions observed in female patients undergoing different menstrual phases while also 

considering the patient‘s psychosocial background. Often, MS‘s premenstrual symptom 

worsening can be easily mistaken and considered a new relapse with all its accompanying 

therapeutic implications. Female patients must be given proper advice and care in order for 

them to be as comfortable as possible when undergoing these different hormonal cycles. 

 

 

PREGNANCY AND MS 
 

Over the years, researchers have attempted to describe the changes that take place over 

the course of MS during pregnancy and the role of a possible etiological risk factor. Initially, 

pregnancy was considered to have a negative effect over the course of the disease sometimes 

leading clinicians to recommend a therapeutic abortion [13]. As has been mentioned in 

previous sections of this chapter, women, unlike men are more prone to unleash TH1 

immunological responses. Interestingly, during pregnancy there is a change in the immune 

response switching from TH1 to TH2 sustained by the foetal placental unit particularly 

secreting Il-10, thus promoting fetal survival. This results in a decrease in cellular immunity 

while promoting an increase in the humoral type. In this way, autoimmune diseases improve 

or stabilize during pregnancy, such is the case of rheumatoid arthritis, lupus and MS among 

others [38,39]. Hormonal participation in this immune shift has also studied. Estriol, the most 

prevalent estrogen produced during pregnancy by the fetal-placental unit, gradually increases 

reaching maximum levels during the third trimester of pregnancy, later as the pregnancy 

advances, it progressively diminishes when the postpartum period is reached. In this way, a 

direct benefit of estriol is established over MS due to a significant reduction of MS relapses 

over the course of the third trimester of pregnancy, with a final dramatic increase in the 

following three months of postpartum [40]. Between 20 to 40% of MS patients experience at 

least one relapse during the postpartum period [39]. Another important fact is that the 

aforementioned effects have been supported by MRI T2 weighed images, as the number of T2 

lesions decrease during the second half of pregnancy, returning to their baseline volume in the 

months after delivery [41]. These neuroimaging findings appear exclusively in the RR form 

of the disease and not in the SP forms, probably due to a more pronounced neuronal loss as 

well as a greater dysregulation comprising the immune system in the secondary progressive 

forms. The administration of estriol at the same doses found during pregnancy in women with 

MS has been studied as a possible therapeutic option. There was a significant response found 

in patients with RR forms unlike secondary progressive forms. However, in addition to 

estriol, elevated estrogen doses administrated during long periods have been shown to be 

carcinogenic and thromboembolic in nature [40]. Oral contraceptives have shown to be of no 
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benefit on the physiopathology of the disease due to insufficient dosages. Other changes 

encountered during pregnancy and that contribute to this immunosuppressive state include 

several factors; a diminished lymphocyte proliferation in response to mitogens, increased 

vitamin D3 levels, immunosuppressive effects of the placental lactogen, alpha-feto-protein 

and alpha-2 glycoprotein, decreased NK cells, anti-HLA antibodies synthesis, and a marked 

increase in regulatory CD4+ and CD25+ T cells. 

The Pregnancy in Multiple Sclerosis Study PRIMS was the first prospective design that 

included 227 pregnant MS patients. Its conclusion was that the risk of a relapse strikingly 

diminishes during the third trimester; increasing dramatically over the next three months It 

Also, acknowledged that the risk of developing a relapse in these women after this period of 

time is the same as during the previous year [42]. Women participating in the PRIMS study 

presented a yearly relapse rate of 0.7, similar to that observed among different cohorts in 

terms of the natural history of the disease. It is also important to mention that MS has no 

influence over birth weight, pregnancy duration, or risk of malformations in the offspring of 

women with MS. There was also no basis on which to recommend cesarean section over 

vaginal delivery [43,44]. Research in this area has also concluded that there is no association 

between MS and women's fertility, pregnancy complications or frequency of spontaneous 

abortions [34,42]. 

There are three prominent prognostic indicators of a relapse during pregnancy worth 

mentioning and they include: 1) an elevated relapse rate the year prior to the pregnancy, 2) 

the presence of relapses in previous pregnancies, 3) high scores in the Expanded Disability 

Status Scale (EDSS) prior to pregnancy [33,34,42]. 

Treatment alternatives that can be offered after childbirth to MS women is also an area 

that merits attention. Research that supports either the administration of intravenous 

immunoglobulin (IVIG) or methylprednisone pulses using different treatment schemes has 

been explored. In the GAMPPT trial (Gamaglobulin Post Pregnancy in Multiple Sclerosis), 

two groups were randomized and administered different IVIG doses. The first group received 

10 g, while the second received a larger dose of 50 g in a period comprising than three days 

after childbirth with posterior IVIG pulses during the next six months. Both groups showed a 

favorable result, although the group with a larger dose had a tendency to show more 

promising results [45]. Haas reported beneficial results when administering IVIG after 

childbirth within three days after delivery with subsequent doses. Comparisons with the 

PRIMS study outcomes were made, resulting in a 33% decrease in risk of MS relapse. (46) In 

the area of the effects of other treatment regimes during pregnancy, interferon 1ª and 1b have 

shown a dose dependent abortifacient effect together with fetal deaths. Mitoxantrone was 

associated with low birth weight and abnormal fetal kidney development in animal studies. 

Azathioprine, methotrexate and cyclophosphamide are known to induce teratogenic effects. 

Glatiramer acetate, although category C has not proven to be an abortifacient or have 

teratogenic effects and might constitute a safe treatment alternative during pregnancy 

[47,48,49,50]. 

SLEEP AND GENDER IN MS 
 

Sleep disorders are a common but highly under diagnosed problem among MS patients. 

Approximately 50% of all patients experience sleep-related symptoms. Although 
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multifactorial in origin, a variety of physical and psychological factors contribute. These 

include pain, immobility, spasticity, sphincter dysfunction, sexual dysfunction, anxiety, 

depression, sleep-related pathology, periodic limb movement, circadian rhythm disorders, 

disease severity and the presence of medication including antidepressants. The most prevalent 

sleep-related disorders among MS patients are associated with a high prevalence of 

depression and fatigue. Insomnia constitutes 40% of these symptoms and is defined by a 

difficulty to start or maintain sleep, as well as experiencing early awakenings. When insomnia 

becomes chronic, it can predispose individuals to major depressive symptoms. Excessive 

daytime sleepiness (EDS) describes an abnormal tendency to fall asleep during daytime 

common activities and has also been reported among patients with MS [51]. 

Nocturnal movement disorders such as periodic limb movements (PLM) with or without 

the association of restless legs syndrome can be found in MS. It has been suggested that it 

results from axonal demyelination involved in motor skill areas, and demyelination of the 

frontal white matter and of the right insular deep regions that produces an impending urge to 

move the legs and that most often interferes with sleep latency. Other common findings in 

this syndrome include frequent arousals from sleep, fatigue, somnolence, as well as the 

absence of restorative sleep. PLM disorder has been implicated in up to 36% of MS patients, 

although the prevalence of RLS is still unknown [52]. Breathing-related disorders are 

characterized by episodes of airflow cessation lasting at least 10 seconds that can be 

obstructive or central in origin. They can lead to hypoxic nocturnal episodes which in turn 

produce frequent arousals from sleep, especially when considering MS lesions affecting the 

bulbar reticular formation, the site of the respiratory center [53]. 

Narcoleptic-type characteristics have also been identified among MS patients and a 

genetic susceptibility has been debated. Narcolepsy symptoms may appear prior to MS 

symptoms. There seems to be a strong association between autoimmunity and narcolepsy as 

has been described for MS patients. The presence of lateral hypothalamic plaques can lead to 

classic symptoms of narcolepsy observed in MS patients [54]. Rapid eye movement 

behavioral disorders have rarely been described in MS patients, particularly in those with 

peduncular-pontine lesions. These disorders are characterized by dream-enacting behavior in 

association with an abnormally present muscle tone during REM sleep [55]. 

Depression is the most prevalent factor associated with sleep disorders in MS patients. Its 

etiology among MS patients is multifactorial and it is often exacerbated by disease severity 

and by the presence of symptoms that can lead to insomnia such as frequent awakenings, 

worsening of fatigue and excessive daytime sleepiness [55]. Depressive symptoms have been 

shown to be much more frequent among women than among men, thereby having a 

significant role in the sleep disorders observed in MS patients. In a circular fashion, 

sleepiness, fatigue and insomnia can lead to worsening of depressive symptoms. A 

comprehensive assessment and identification of sleep disturbances in female MS patients can 

lead to a significant improvement in their quality of life. 
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