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Abstract: Given the aging population, with a peak age-specific prevalence that is shifting beyond the age of 50, several women
currently living with MS are very close to menopause. Menopause is usually characterized by several specific symptoms with adverse
impacts on different aspects of a woman’s quality of life, such as fatigue, and cognitive, mood and bladder disorders, which overlap
with symptoms of MS. Generally, after this biological transition, women with MS appear to be subject to less inflammatory activity.
However, several studies have reported an increase of disability accumulation after menopause, suggesting that it is a turning point to
a more progressive phase of the disease. This may be attributable to the hormonal and immunological changes associated with
menopause, with several effects on neuroinflammation and neurodegeneration increasing due to the immunosenescence of aging. This
review summarizes the hormonal and immunological changes associated with menopause, detailing the effects on MS symptoms,
outcomes, and the aging process. Furthermore, possible interventions to improve patients’ quality of life are evaluated. In fact, it is
increasingly necessary to improve the global management of MS women, as well as their lives, at this multifaceted turning point.
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Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating and neurodegenerative disease of the central nervous system
(CNS) whose pathogenesis is notoriously determined by genetic predisposition, environmental exposure, sex hormones
and lifestyle.' A ubiquitous finding in epidemiological studies is the increased prevalence of MS in women as compared
to men, in line with the female preponderance observed in a variety of other autoimmune diseases.” Several studies have
shown that the higher female-to-male sex ratio declines with increasing age at MS onset, despite increased rates of late-
onset MS having been found among women.*** In addition to susceptibility to the disease, sex differences may play a role
in the course of MS, as the most severe disability outcomes and progression occur in men.” This may reflect how sex
differences influence both the immune response and neurodegeneration.® However, it should be noted that the mechan-
isms underlying sex differences in MS are many and complex, and the hormonal aspects only explain a part of them.’
Sex hormones, fluctuations of their levels during the different physiological stages of the reproductive lives of women
(puberty, fertile life, pregnancy, puerperium and menopause) and men (puberty, fertile life and andropause) appear to
influence MS progression and prognosis.® However, while several studies have evaluated the risk and prognosis of MS in
women during menarche, pregnancy and the postpartum period,”!' few studies have investigated the effects of
menopause.

Menopause is a physiological event during a woman’s life that marks the end of reproductive competence. Given the
high numbers of MS women among the aging population, it is extremely important to understand the effects of
menopause, and how it interacts with MS. To this end, this review summarizes the hormonal and immunological
changes associated with menopause, detailing the effects on MS symptoms and outcomes, and evaluating possible
interventions for the optimal management of women who cross this biological turning point.
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Biological Changes in Menopause and Symptoms

Natural menopause is the irreversible interruption of menstruation and the latter phase of ovarian physiology, representing a
period when the reproductive function is lost due to the total decline of the limited ovarian follicle supply.'? It occurs in the
sixth decade of life in the general population, with the median age around 51 years.

The menopausal transition, also known as perimenopause, is based on a changing pattern of ovulation and anovula-
tion in the years preceding menopause. While the underlying process of menopause is linked to ovarian senescence, the
hypothalamic-pituitary ovarian-uterine axis changes with time in several ways,'> until post-menopausal condition that
results in high level of FSH and an ovarian reserve ranging from very low to undetectable.'* The revolutionary hormone
research of the Study of Women’s Health Across the Nation (SWAN) have previously investigated reproductive hormone
variations, menstrual cycles, and symptom characteristics throughout menopausal transitions.' This transition starts with
an erratic increase in estradiol secretions,'> then the ovary becomes less sensitive to gonadotropin stimulation, resulting
in lower estradiol production. Next to this, LH stimulation is attenuated and insufficient for ovulation, resulting in
progestogen loss.'* The estradiol declines, that begin two years prior and continuing for two years following the final
menstrual period,'® are frequently associated with a variety of symptoms impacting various aspects of a woman’s quality
of life.'” Menopause is usually marked by vasomotor symptoms, including hot flashes, sweating, tremors and a sense of
coldness.'® The primary proposed mechanism driving vasomotor symptoms is the change in thermoregulation due to the
brain’s stress reaction to the hormonal cycle’s transitions, with changes in the activity of noradrenergic and serotoninergic
pathways.'” Mood and cognitive disorders, as well as migraines, are also frequent during perimenopause. The estradiol-
dependent stimulation of estrogen receptors in the hippocampus and prefrontal cortex can affect the synthesis and
secretion of neurotransmitters (such as serotonin, dopamine, and gamma-aminobutyric acid equilibrium) and synaptic
activity.>*! Moreover, several human and animal studies have previously demonstrated the protective effects of estrogen
on neuronal survival,?* with the evolution of neurodegenerative processes such as brain atrophy occurring as their levels
drop.”* Despite a significant reduction in estrogen levels, the menopausal ovary keeps producing high androgen levels for
years following menopause, with several systemic effects, including the deposition of body fat.>* Estrogen deficiency
after menopause also facilitates the onset of osteoporosis, with decreased bone mineral index and changed bone
architecture.”> In the end, urogenital symptoms such as vaginal dryness, dyspareunia, vulvar itching and burning,
dysuria, urine frequency and urgency, and recurrent lower urinary tract infections are common after menopause.*®

Finally, a separate discussion should be devoted to surgical menopause (iatrogenic menopause) that happens when
both ovaries are removed before the natural “switching off” of their function. Premature ovarian insufficiency may
emerge with a menopause that occurs before the age of 40. Surgical menopause is also associated with a sudden
reduction of ovarian sex steroid production rather than a gradual decrease as is the case in natural menopause, with more
rapid hormonal, immunological and clinical changes.”’

Immunosenescence and Immunological Effect of Menopause

During aging the immune system undergoes notable changes that collectively are known as immunosenescence. This is
characterised by a decline in the immune response, with a decrease in the number of naive T and B cells, NK cells, and
a disruption of the pro- and anti-inflammatory balance.”® This is associated with a chronic inflammatory process with
persistent production of proinflammatory mediators — the “inflamm-aging”- that increases the risk for morbidity and
mortality related to age, affecting responses to infections and autoimmunity.*’

Biological transitions, of which menopause is a primary example, can mark the ageing of the immune system, which
is also conditioned by a series of other factors (chronic disorders, lifestyle, environmental, epigenetic factors, and
infections).” Besides age, in postmenopausal women, the immunological changes are driven by estrogen deprivation,
resulting in increased pro-inflammatory serum markers, an increasing response of the body’s cells to cytokines,
a decrease in CD4 T, B lymphocytes and cytotoxic activity of NK cells with higher susceptibility to pathogenic invasion
and infection. In addition, postmenopausal women show higher chronic levels of pro-inflammatory cytokines MCP1,
TNFa, and IL-6.>" Among these, IL-6 is also a key factor in bone reabsorption by osteoclast activation, and is related to
other diseases particularly common in menopause, ie diabetes, atherosclerosis and cardiovascular diseases.>* Therefore,
inflammatory states further shape T cell responses, resulting in CD4+T cell subset reductions in menopausal women,
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inversion in the CD4/CDS ratio, which is indicative of aging and associated with increased oxidative stress.>® In addition,
during aging it is also observed that immune systems decline to mount an effective response against neoplastic cells due,
in particular, to a deficiency in adaptive immunity.>* An increased susceptibility to tumors related to aging is therefore
observed, facilitated also by immunological changes related to menopause.>”

Effect of Menopause on MS Course and MS Symptoms
Menopause is associated with a series of biological hormonal and immunological changes that can affect the pathogenetic
mechanisms of MS, influencing the susceptibility as well as the course of the disease.>® On the other hand, while MS
does not affect the onset of menopause, some MS immunotherapies have been identified as associated with this risk.’’
Among these, the FEMIMS (FErtility and Mitoxantrone In MS) study showed that the probability of permanent
amenorrhea or menopause was proportionally related to the age of patients at mitoxantrone administration and that it
also increased with the cumulative dose of this drug.*® This raised the important issue of the impact of this, as well as of
other immunosuppressive drugs previously extensively used for MS (ie cyclophosphamide), on fertility, hormonal
balance, ovarian functioning, and the biological transitions of treated MS women.*®

Focusing on menopause transitions, little is known about the risk of developing MS in relation to this biological
phase, while the effects of this reproductive transition on the evolution of the disease have been more explored.**** Bove
at al. showed that, in comparison to MS onset prior to 50, in MS onset after 50, the disease trajectories of women are
more similar to those of men, suggesting a possible effect associated with age (and perhaps menopause).”> Several
observational studies have also indicated a reduction in the sex differences of disability progression, usually more marked
in males, in individuals with MS after age 50. Thus, the course of the disease after menopause appears to be more similar
to the course of the disease in men in which MS is notoriously more aggressive. An extensive study including 3028 men
and 6619 women showed that MS women have more inflammatory disease activity in terms of relapses than men up to
the age of menopause, with a weighted female: male relapse rate ratio of 1.16 (95% CI: 1.10 to 1.22). After the age of 50
years the difference disappears, and the evolution of disability worsens, becoming more similar in the two sexes.**
Regarding disease activity, after menopause a significantly decreasing annualized relapse rate (ARR) (from 0.21+0.31 to
0.13% 0.24; p = 0.005) was reported by Baroncini et al, while disability was found to worsen, with EDSS score increasing
by 0.2 = 0.6 points before the final menstrual period and by 0.4 0.7 points afterwards (p = 0.014).>° Therefore, these
findings are in line with preliminary research involving 124 women followed for a mean of 10.4 years through their
menopausal transition, that has revealed a mild worsening of disability after menopause, with the rate of EDSS change
increasing from 0.051 units per year before menopause, to 0.13 units per year after menopause (difference of 0.076 units;
95% CI: 0.010, 0.14, p = 0.024).*° Consistent with these findings, menopause is identified by some authors as associated
with an increase in the accumulation rate of disability, suggesting that it is a turning point to a more progressive phase of
MS. This is believed to be attributable to a worsening of neurodegenerative processes rather than to the inflammatory
activity of MS. However, the effects of menopause on the neuroradiological parameters of MS have been insufficiently
explored. With regard to this latter point, a longitudinal study involving women with MS and healthy controls has
recently shown that the anti-Mullerian hormone (AMH), typically considered to be an objective indicator of ovarian
aging, is associated with greater total gray and cortical gray matter loss, independent of chronological age and disease
duration.*” This may be attributable to accelerated neurodegenerative processes and a decrease of the repair mechanisms
resulting from the loss of ovarian estrogen,*® in addition to other age-related determinants of disease evolution, and
unrelated MS factors, such as comorbidities.*”*® Contrary to studies that support the hypothesis of menopause as
a turning point, Ladeira et al followed a longitudinal cohort of 37 MS women older than 44 years and obtained
a picture of stable neuroradiological disability during menopause and a reduction of the annualized relapse rate.*' On
the other hand, the disability trajectories (change in annual EDSS) of 77 women in a Barcelona CIS cohort followed
longitudinally did not change significantly during the menopausal transition.** These recent findings, therefore, fuel the
debate on the impact of menopause on MS evolution, raising attention to other modifying factors, such as general health
and lifestyle.

Several studies have reported a worsening of MS symptoms at menopause, by using several tools (questionnaires,
online patient platforms, qualitative interviews).**>® A Swedish study investigated MS women’s perceptions of severity
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after menopause, by using an ad hoc questionnaire. They reported a worsening of MS symptoms in 40%, no change of
symptoms in 56%, and decreased symptoms in 5% of cases.*” However, Bove R. et al investigated the patient-reported
impact of menopause by using a large online research platform. They found that the postmenopausal state was associated
with a worsening of patient-reported severity scores on seven functional areas based on the MS Rating Scale, even those
not typically overlapping with menopausal symptoms.”® Among the most increased symptoms in post-menopause, was
fatigue, affective disorders (anxiety and depression), urologic (bladder irritability and incontinence) and sexual
symptoms.® Commonly in MS, fatigue tends to increase in severity and frequency during menopause, often limiting
daily activities. Therefore, this symptom can be amplified by vasomotor menopausal symptoms, triggering Uhthoff’s
phenomenon and often co-existing with other symptoms, thus complicating their interpretation for the clinician who may
view them as pseudo-relapses. It has also been noted that perimenopause is a period of vulnerability, often associated
with the onset or worsening of affective symptoms (anxiety and depression), and effects on functioning in several areas,
with detrimental consequences on patients’ lives.”! Analogously, with menopause, women may report changes in
attention, memory, and cognitive performance, symptoms already frequent in people who age with MS.>* Thus,
menopausal and MS symptoms, as well as their overlapping effects, may impact the quality of life (QoL) of patients
who are already enduring a stressful period, with multifaceted implications for their lives. Moreover, the postmenopausal
period leads to an increased susceptibility to several comorbidities (ie osteoporosis and vascular comorbidities), which

make this phase even more fragile,”® and brain damage more enhanced.*’**

HRT Use in MS

Hormone replacement therapy (HRT) consists of estrogen therapy or combined estrogen—progestogen therapy, adminis-
tered either orally, vaginally or trans-dermally.”* HRT has been proven to alleviate many menopausal symptoms, with
a reasonably good safety profile and positive effects on health-related QOL in symptomatic menopausal women.
Improvement in MS symptoms and quality of life (QOL) was found in postmenopausal MS patients receiving HRT.>>
In particular, HRT is effective for menopause-related vasomotor symptoms, an overactive bladder, and symptoms of
vulvar and vaginal atrophy. Additional effects on bone mineral density, and a reduction of the risk of osteoporotic
fractures have also been described.’® Recently, systemic HRT use was associated with a better physical QOL in
postmenopausal MS women, with significantly better patient-reported physical functioning scores.’® In particular, HT
users had higher points than non—HT users in a physical functioning evaluation measured by means of the 10-item
physical functioning assessment (PF10) subscale of the 36-Item Short Form Health Survey, with the longer duration of
HT use associated with higher performances.’>® The current recommendation from the North American Menopause
Society (NAMS) is that individualized HRT treatment be considered on the basis of a patient’s risk profile, and to treat
symptoms for the shortest possible duration and at the lowest possible dose.’” In fact, there are several risks, such as
breast cancer, when progestogens are given with estrogens, and venous thrombosis, despite a reduced risk of cardiovas-
cular disease, has been reported.”® More careful considerations are to be made for patients with MS, whose risk profile
may be different from that of the general population. Consideration should be given to the history of disease modifying
treatments and related risks, as well as to the patient’s susceptibility to other comorbidities.>® All aspects that increase the
complexity of MS management in women need to be assessed with appropriate screening.

While the effects of HRT on overlapping menopause and MS symptoms have been evaluated, little is known about
its effects on the course of MS and long-term outcomes. A neuroprotective effect of HRT has recently been
hypothesized in healthy women, as indicated by a study showing improved cognition when HRT was started within
a 5-year window of the final menstrual period.®” Exogenous hormones may impact the disease course via their effects
on neurodegeneration and neuroprotection,®’ although research has been limited in aging populations. HRT may also
delay immunosenescence, partially reversing the deleterious effects of aging on the immune system.®* In line with this
point, a higher number of B-cells and improved T-cell function are described in HRT users, as well as the reduced
plasma levels of several pro-inflammatory cytokines.®> However, the choice of HRT use in MS women must
necessarily weigh the benefits in terms of QOL and aspects related to safety, after an attentive discussion by
a gynecologist and neurologist.
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Conclusions

Given that the aging population, with peak age-specific prevalence in Europe and Northern America, is increasing from
40 years onwards,* there are several women who currently live with MS and who are very close to menopause. It is,
therefore, urgent to understand the impact of menopause on the course of MS, and of how it interacts with this disease.
As described, growing evidence indicates a worsening of disability and neurodegenerative aspects in postmenopausal MS
women, although both phenomena are worsened by aging. Further studies are needed to evaluate and discriminate the
clinical, neuroradiological and immunological effects related to menopause, with those induced by aging, as well as the
effects of sex on aging with MS, immunosenescence, and brain resilience. The comprehensive care of postmenopausal
MS women, including lifestyle optimization, a thoughtful choice of HRT that considers benefits and risks and the history
of disease modifying treatments, and treatments of other age-related and menopausal-related comorbidities, is increas-
ingly necessary to improve the global management of MS women, as well as of their lives at this multifaceted turning

point.
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