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Preface

Around the world, women in their fifties would experience menopause. To detail the impact
of this phenomenon, it is important to highlight that about 60% of these women will experi-
ence sleep disorders, sexual dysfunctions, anxiety, and depressive disorders, in addition to
muscle or joint pain, among others, independently of ethnic origin or sociodemographic fac-
tors. These symptoms impact directly in the quality of life, produce a loss of productivity, and
incur increased healthcare utilization. The impact is such that menopause must be considered
in labor environment since it can trigger issues as poor concentration, tiredness, poor memo-
ry, depressed feelings, and lowered confidence. It is noteworthy that most women feel unwill-
ing to disclose menopause-related health issues to line managers (most men or younger
women). Research on this area suggests that greater awareness and support of managers
about menopause, flexible working hours, control over workplace temperature and ventila-
tion, and access to cold drinking water and toilets are effective in improving wellness and
productivity in menopausal women. These approaches should not be taken lightly since in-
clusively the World Health Organization has expressed concerns about the specific necessities
of women experiencing menopause. Other approaches comprise the hormonal replacement
therapy, healthy habits as exercise and yoga, and nutritional factors as consumption of soy
and natural products rich in phytoestrogens. Hormonal replacement therapy has been one of
the most widespread approaches to the treatment of menopause-related diseases; however,
the interaction of estradiol with estrogen receptors on tumoral tissue is able to trigger prolifer-
ative effects that highlight the latent risk of this therapy. Alternative therapies as phytoestro-
gen-rich diets have shown encouraging results but still need more research since effects are
still diverse and not fully understood. Given the complexity of symptoms, multidisciplinary
approaches to treatment seem to be necessary. In this sense, multidisciplinary models to eval-
uate and manage women experiencing menopause include gynecologists, endocrinologists,
psychologist, and clinical nurse specialist and have shown benefits on coordination of patient
care, education, communication, and evidence-based decision-making. Taken together, the
characteristics of menopause compel us to approach the phenomenon with a multidisciplina-
ry point of view that include evolutionary, neurobiological, psychosocial, and cultural factors
in order to improve our understanding and management of this phenomenon; it is exactly the
purpose of the present book A Multidisciplinary Look at Menopause. Thanks to all the contribu-
ting authors, we hope you find these efforts satisfactory and wish you a good reading.

Juan Francisco Rodriguez-Landa, PhD
Jonathan Cueto-Escobedo, PhD
Universidad Veracruzana

Meéxico
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1. Menopause as a natural process

Menopause is a natural and inevitable period of ageing in women that is well known to rep-
resent the end of reproductive life through the failure of ovarian function, accompanied by
a decrease in estrogen and progestin production in the periphery and brain [1, 2]. Sexual
hormones, such as estradiol and progesterone, help regulate metabolic function and interact
with a wide range of neurotransmitters, such as serotonin, dopamine, A-aminobutyric acid,
and glutamate, among others [3]. Lower concentrations of these hormones during menopause
have been associated with the development of specific diseases. Hormonal changes during
menopause are also involved in sex differences in brain disorders that develop in aged indi-
viduals. The United States National Institutes of Health established a research priority to
encourage investigations of the impact of gender on normal brain function and central ner-
vous system-related diseases [4]. Studying menopause from a multidisciplinary perspective
will help unveil different factors that affect health in this specific stage of life in women.

During menopause, lower hormone production is related to a higher incidence of vasomotor
symptoms, such as hot flashes, vaginal dryness, osteoporosis, cognitive deterioration, irrita-
bility, anxiety, and mood disorders (e.g., depression) [5-8]. Menopause can occur gradually
as a natural ageing process, culminating around age 50 years, or it can occur suddenly after
surgical procedures, such as oophorectomy, salpingo-oophorectomny, and hysterectomy [9].
When menopause is caused by surgical manipulations, the negative symptoms can be more
severe than when it occurs naturally [10]. Changes that occur during menopause interact with
genetic, nutritional, sociocultural, and demographic factors [11, 12], differentially impacting
quality of life in menopausal women. Research on menopause requires considerations of biol-
ogy, physiology, sociology, and psychology to achieve better knowledge of this physiological
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2 A Multidisciplinary Look at Menopause

state in women and design the therapeutic approaches that focus on pharmacological treat-
ment and psychological and physical therapy.

2. A multidisciplinary look at menopause

In this book, Dr. Kirchengast (Chapter 2) approaches menopause as a normal female stage
that is a product of the overall ontogenetic and phylogenetic development of Homo sapiens,
with a focus on evolutionary anthropology. This chapter is complemented by the work of Dr.
Rovirosa-Hernandez and collaborators (Chapter 3) that details the physiological changes that
occur at the end of the reproductive life cycle in nonhuman primates. They compare these
changes with those that are observed in menopausal women to gain a better understanding
of human menopause.

Dr. Afridi Igbal (Chapter 4) describes the ways in which psychological factors impact self-
concepts and the mental health of women who experience menopause and the ways in which
these factors can trigger variations in mood and such disorders as anxiety and depression.

Dr. Garcia-Rios and collaborators (Chapter 5) discuss the changes in serotonergic neurotrans-
mission associated with changes in the concentrations of steroid hormones in the brain that
accompany menopause and are related to greater vulnerability to depression and a lower
response to antidepressant therapy in depressed menopausal women. These data are relevant
when considering that aged women respond differently to antidepressants compared with
young women, which could be related to lower levels of steroid hormones that negatively
impact neurotransmitter function. Preclinical studies have shown that antidepressant drug
treatment in middle-age ovariectomized rats that have a long-term absence of ovarian hor-
mones is devoid of antidepressant-like effects, but if they are combined with estrogens, then
an antidepressant-like effect is detected [13].

Menopause is not considered a disease but rather a natural stage of female development.
However, menopause is sometimes associated with several illnesses that are associated with
physical, physiological, and psychosocial factors. The most widely used treatment for meno-
pause-related changes is hormone replacement therapy with estrogen, progestin, and their
derivatives [14, 15]. Hormone replacement therapy has been shown to reduce such symptoms
as bone loss, hot flashes, irritability, and mood swings [16, 17] and improve overall mental
health [7]. Nevertheless, hormone replacement therapy also has side effects that restrict its
long-term use in some women [18, 19]. Consequently, medicinal alternatives are needed to
ameliorate menopause symptoms with a lower risk of severe side effects. Therapeutic alter-
natives mainly consist of dietary supplements that contain natural compounds, such as phy-
toestrogens, including isoflavones, flavones, lighans, coumestans, and stilbenes. Preclinical
studies have shown that the phytoestrogen genistein reverses anxiety-like behavior in an
experimental model of surgical menopause [20] and depression-like behavior [21].

Dr. Estrada-Camarena and collaborators (Chapter 6) describe in detail the effects of nonste-
roid hormone therapy that is based on the use of natural and synthetic phytoestrogens. They
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present preclinical and clinical evidence of the ways in which phytoestrogens interact with
specific receptors in the brain to reduce anxiety and depression symptoms and ameliorate
other illnesses that are associated with menopause.

Dr. Bittar Simoni (Chapter 7) describes the positive effects of physical activity on health in
menopausal women. In his chapter, he discusses the ways in which different exercise regimens
can improve body composition, functional performance, strength, and balance, thus positively
impacting physical health and emotional and affective states. For example, a positive interaction
has been found between estradiol concentrations and physical activity that attenuates endo-
crine responses to stress [22], thus decreasing irritability, anxiety, and depression symptoms.

3. Concluding remarks

Menopause is characterized by physiological, biological, and psychosocial changes that
impact lifestyle and predispose them to the development of different diseases. The current
therapeutic approaches are diverse, including drugs, hormones, chemical products of natural
origin, meditation, and exercise, each of which have specific risks and benefits. Unfortunately,
because of the complexity of the physiological and psychological changes that are associ-
ated with menopause, no completely safe and effective treatment for all symptoms has been
developed.

Genetic differences can also influence the severity of symptoms and response to conventional
therapies [11, 23], thus complicating the development of a general therapeutic approach for
all menopausal woman. Understanding the causes of diseases that are associated with meno-
pause and responses to different treatments should utilize a multidisciplinary approach to
achieve combined therapeutic strategies for specific groups of menopausal women. Decisions
regarding the treatment for menopausal women should consider symptomatology, health
status, immediate and long-term health risk, personal life expectations, and the availability
and cost of therapy [2]. Safer and more effective therapeutic alternatives for the management
of menopausal symptoms need to be developed, specifically for women who present contra-
indications to hormone therapy. Although great advances have been made from psychologi-
cal, physiological, pharmacological, and environmental perspectives, still much work needs
to be done.
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Abstract

Female reproductive senescence is characterized by the so-called menopausal transi-
tion taking place between the ages of 40 and 60 years. The major event of menopausal
transition is menopause itself, which is biomedically defined as the cessation of men-
strual function and the irreversible termination of female reproductive capability. Recent
human females experience a postreproductive period from about 30 years. Such a long
postreproductive period is absolutely uncommon among animals. Consequently, human
menopause is still an evolutionary puzzle and several theories to explain the evolution-
ary basis of menopause have been presented. Menopausal transition, however, is also
seen as a period of increased somatic and psychic symptoms which make this phase
of life quite uncomfortable for affected women. In the present study, menopause and
climacteric complaints are discussed from the viewpoint of evolutionary anthropology.

Keywords: menopause, human evolution, climacteric symptoms, reproductive
senescence

1. Introduction

Recent Homo sapiens has the longest lifespan of all terrestrial mammals, however, human
females stop to reproduce in the middle of it [1, 2]. Every woman who lives until about 50
years and beyond experiences the irreversible cessation of reproductive function, i.e., meno-
pause. The World Health Organization (WHO) has defined menopause as the last spontane-
ous menstrual bleeding or the permanent cessation of menstruation resulting from loss of
ovarian follicular activity [3]. Menopause is preceded by a phase of irregular cycles and start-
ing hormonal changes, which is commonly called perimenopause. Perimenopause continued
until 12 months after the last spontaneous menstrual bleeding, because no human female
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knows exactly that the actual bleeding is really the last one [4]. Therefore, the phase of post-
menopause is reached when a woman had no menstrual periods over 12 months. Menopause
is a universal, one-time life event, which marks the transition from reproductive to postre-
productive life in females [5]. Consequently, menopause is a marker of reproductive ageing
patterns typical of the female Homo sapiens [6]. Menopause occurs usually between 45 and 55
years, recent human females, however, routinely live for about 30 years after the cessation
of reproductive function [2]. Furthermore, reproductive senescence is markedly accelerated
relative to general somatic aging among female Homo sapiens [7]. Even in traditional foragers
societies such as the Ache, Hadza, or !Kung San, that do not enjoy the benefits of modern
medicine women can expect 20 and more years of active life following menopause [8-10].
From the viewpoint of evolutionary biology, this extraordinary long postreproductive phase
among human females is in strict contradiction to the biogenetic imperative and the paradigm
that natural selection forces organisms to maximize reproductive success [11]. According to
these assumptions, reproductive senescence and in particular menopause followed by a long
postreproductive period should be rare in nature. In the present review, the phenomenon of
menopause and extended postreproductive life span is focused on from the viewpoint of evo-
lutionary anthropology, in particular, human life history theory. For an appropriate analysis
of menopausal transition, we have to consider two different levels of causality in biology,
i.e., proximate and ultimate explanations of biological phenomena [11]. Proximate causes are
immediate mechanisms, such as physiological or ontogenetic factors, whereas ultimate expla-
nations, in contrast, tried to interpret biological phenomena in an evolutionary sense [11].
Therefore, proximate as well as ultimate causes of menopause are discussed.

2. Human life history theory

As pointed out above, according to the biogenetic imperative and natural selection theory,
menopause should be rare in nature. Among Homo sapiens, however, menopause is an obliga-
tory part of female life history. Before we discuss menopause from the viewpoint of evolu-
tionary anthropology, we have considered life history theory.

Every species has evolved its own patterns of ontogeny of the individual organism from con-
ception to death. This species typical process contains somatic growth, development, matu-
ration, reproduction, and senescence—all of them are energetically costly events [12]. Life
history theory tries to explain the evolution of these patterns of growth and reproduction by
identifying trade-offs [13]. An important trade-off is between somatic growth and the main-
tenance on the one hand and successful reproduction on the other. For most organisms, it is
not possible to provide enough energy to grow and to reproduce simultaneously. Therefore
many organisms have evolved a timely separation between growth and reproduction. A
period where energy is provided for growth and development is followed by a period where
energy is used for successful reproduction. Human life history differs from that of other social
mammals in several puzzling details. Even our next living relatives, the nonhuman primates,
exhibit marked differences in certain features of life history [14]. In detail, human infants are
weaned relatively early, on average by age 36 months, but after weaning human children
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depend on their mothers or other older group members for food and protection much longer
than do the offspring of any other mammal, usually until they age about 7 years [12, 13].
From the viewpoint of evolutionary anthropology and human life history theory, the period
between weaning and age of 7 years is defined as childhood stage, which is characterized by a
set of biological and behavioral traits. This life history definition of childhood differs from the
commonly used term childhood which refers to any time between birth and sexual matura-
tion. It is assumed that the life history stage of childhood evolved about 2 million years ago
among Homo erectus. The stage of childhood is not found among nonhuman primates [15].
Furthermore, humans reach puberty, i.e., sexual maturation, later than nonhuman primates
and the short-term event of puberty is followed by an extended period of adolescence [15].
Adolescence is assumed to be a quite young stage of human life history occurring among
Homo sapiens only. Since reproduction during early adolescence is rare, the interval between
sexual maturation and first reproduction is much longer among humans than among nonhu-
man primates. Consequently, the age at first reproduction is much older than that of nonhu-
man primates; nevertheless human fertility may be higher than that among our nonhuman
relatives. Modern humans however differ not only in the subadult stages of life history and
reproductive success markedly from nonhuman primates and all other social mammals, the
most distinct features are the extraordinary long life span and the prolonged period of female
reproductive senescence, i.e., a long postmenopause [16]. During the fifth decade of life, fertil-
ity declines to essentially zero in human females; although one can expect to live for about fur-
ther 30 years. This marked discrepancy between ovarian ageing and general ageing is a typical
feature of female Homo sapiens. A prolonged postreproductive phase is not found among other
animals, even among great social mammals with the exception of some toothed whale species.

3. Reproductive senescence among animals

As pointed out above, human females experience the cessation of reproductive function long
before they die. Some signs of reproductive ageing are found among invertebrates in par-
ticular tephritid fruit flies [17] and the nematode Caenorhabditis elegans [18]. A kind of repro-
ductive ageing characterized by a decline of sex steroid levels and a reduced probability of
successful reproduction is found among several free living social mammals such as toothed
whales, elephants, lions, or first of all primates [19-25]. An obligatory postreproductive life
stage of 30 years and more, however, is exclusively found among human females [23]. Long
postreproductive periods are uncommon among animals, even among large social mammals
such as nonhuman primates and elephants. Only two Cetacean species such as short-finned
pilot whales (Globicephala macrorhynchus) and killer whales (Orcinus orca) exhibit postrepro-
ductive life spans comparable to those of female Homo sapiens [22, 26]. Female short finned
pilot whales stop to reproduce by about 36 years of age but they can live up to 65 years
[22]. Female killer whales stop breeding by 48 years but they can live up to 90 years [22].
Baleen whales in contrast continue to reproduce into their nineties. Among large terrestrial
mammals, elephants continue to reproduce into their sixties [27]. Quite difficult is the situa-
tion among our next living relatives, the nonhuman primates, because only few studies on
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reproductive ageing patterns among wild living as well as captive primates exist. Some
studies suggest that with increasing age a period of reproductive instability is quite common
among female primates [28]. Data from lemurs and callitriche plead for age-related decline in
reproduction in some species [28]. Furthermore, hormonal changes—comparable to meno-
pausal hormonal transition among human females—have been noted in many primate spe-
cies [24]. An increasing cycle length with increasing age was reported for captive chimpanzees
but not for the wild chimpanzees [24]. The main problem is that nearly all studies of chimpan-
zees are based on very small samples and these studies have not provided clear conclusions.
According to Thompson et al., there is no evidence that menopause is an obligatory charac-
teristic of chimpanzee life history [29]. Data concerning Orangutan and Gorilla are still rare.
Some evidence for an extended postreproductive phase exists for rhesus monkeys (Macaca
mulatta) [24]. We can summarize that menopause and a long postreproductive phase is found
exclusively among humans and some toothed whales. Consequently, menopause seems to be
a typical feature of Homo sapiens and therefore we have to ask, why do human females loose
the capability of reproduction much earlier than their next living relatives and most other
social mammals?

4. Physiology of menopause: proximate approach

In the first step, we have to analyze the proximate or physiological basis of female reproduc-
tive senescence. From a proximate viewpoint, menopause results from follicular atresia that
starts extremely early in female ontogeny, i.e., during intrauterine phase and continues until
menopause [23, 30]. In the female embryo, primordial germ cells originating from the yolk
sac develop into oogonia, immature sex cells. Germ cell numbers peak at approximately
3 x 10°-7 x 10° by the fifth month of fetal development [31]. Oogonia develop to oocytes. Oocyte
formation, however, ceases by the time a female fetus is 5 months old. Consequently, human
females are unable to continue to produce oocytes past their fifth month in utero. At this time
process of follicular degeneration and resorption from 3.4 to 7 million germ cells to less than
1000 remaining follicles at the time of menopausal transition, starts. The exorbitantly high
number of 7 million oogonia declines to about 2 million oocytes at the time of birth and to
about 400000 at pubertal onset. Oocytes are embedded in follicular cells. The vast majority of
follicles are nonproliferating, produces steroids and succumb to atresia by apoptosis [23]. Only
few follicles develop to preovulatory follicles with a thick layer of granulosa and theca cells,
consequently only few oocytes undergo ovulation. The majority of follicles and oocytes, which
are developmental units, degenerates before ovulation. Fertility declines in human females
before total depletion of oocytes. A gradual decline in fertility is observable between the ages
35 and 40 years, after this period the decline accelerates. This reduced fertility from about 35
years onward is mainly due to defects in oocytes [31]. Oocyte or follicular depletion accelerates
as menopause got closer. At the time of menopause, the activity of the few remaining follicles
declines drastically [23].

The follicular decline results in marked hormonal disturbances typical of perimenopause
and postmenopause [4]. The main feature of menopausal transition is the dramatic decline in
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estrogen levels [32, 33]. These hormonal disturbances are caused by the depletion of follicular
cells. The theca and the granulosa cells of the follicle, however, are essential for estrogen synthe-
sis in the ovary. Consequently, estrogens are no longer converted from androgen in the gran-
ulosa cells during menopausal transition [23]. The decrease of estrogen secretion resulted in
consecutive disturbances of the hypothalamus-pituitary-gonad axis (HPO-axis). During repro-
ductive phase, menstrual cycle patterns are regulated by this hormonal axis. The hypothalamus
secretes gonadotropin releasing hormone (GnRh) directly to the anterior pituitary. The secretion
patterns of GnRh are modified by neurotransmitters such as dopamine, serotonin, epinephrine,
or endorphin. Receptors in the anterior pituitary sense the pulse frequency and amplitude of
GnRh and direct the production of the gonadotropins, follicle stimulating hormone (FSH), and
lutenizing hormone (LH), which are essential for reproduction. FSH stimulates follicle devel-
opment, LH the estrogen synthesis in the ovaries. Both stimulate ovulation and LH induces
corpus luteum development and in this way progesterone synthesis. FSH binds to specific hor-
mone receptors on the membrane of the granulosa cells, whereas LH binds to receptors of the
granulose and theca cells. Androgens are secreted under LH stimulation from the theca cells, in
the granulosa cells these androgens are converted into estradiol. The hormone secretion of the
HPO-axis is regulated by a negative feedback mechanism. During reproductive phase, female
sex hormone secretion underlies dramatic cyclic fluctuations [32, 33].

Menopausal transition is characterized by marked endocrine changes which are mainly induced
by changes within the ovary but also central neuroendocrine changes. The reduction of ovar-
ian follicles during perimenopause results in declining levels of inhibin B, a dimeric protein,
and a rise of follicle stimulating hormone (FSH) and lutenizing hormone (LH) levels. During
perimenopause, estradiol levels remain relatively unchanged presumably in response to the
elevated FSH levels [32, 33]. As the follicular supply is exhausted, estradiol (E,) and estrone
(E) decrease dramatically; FSH and LH, however, remain elevated. Estradiol, the most physi-
ologically active estrogen, declines most markedly, whereas estrone continues to be produced
through the conversion of androstenedione to estrone in muscle, adipose, and other tissues.
Consequently, the hypothalamus-pituitary gonad axis (HPG-axis) is irreversible disturbed.
Beside the decline in estrogens and progesterone (P), a decrease of testosterone (T), androstene-
dione (A), dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate (DHEA-S), and
sex hormone binding globulin (SHBG) levels after menopausal transition was observed [32, 33].
Additionally, thyroxine (t,) and triiodothyronine (t,) levels as well as growth hormone (GH)
decrease as a result of the general ageing process. This dramatic hormonal transition is often
associated with weight gain and changes in body composition, in particular fat distribution
patterns [34-41]. We can summarize from a proximate viewpoint that menopausal transition is
caused by the final depletion of germ cells and it is characterized by marked hormonal distur-
bances which are associated with significant changes in body composition and fat patterning.

5. Evolutionary explanations of menopause: ultimate approach

According to Theodosius Dobzhansky, “nothing in biology makes sense except in the light of
evolution” [42]. Consequently, we have to analyze menopausal transition from an ultimate
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or evolutionary viewpoint. There is no doubt that menopause is clearly a biological phenom-
enon and consequently, we can assume that menopause has an evolutionary origin [43-45].
The majority of women in First world countries experience menopause usually between 47
and 55 years of life [46]. Considering an average life expectancy of about 80 years among
females in First world countries, female postreproductive phase thus lasts on the average
of 30 years. The potential maximum life span of recent Homo sapiens is even longer and is
thought to be about 120 years. Considering this extraordinary long lifespan, we have to be
aware that human females can spend more than half of their maximum life span potential
with postreproductive period [23]. Such an extremely long postreproductive phase of life is
unique in the animal kingdom and makes menopause to an extremely interesting event from
an evolutionary point of view. If maximization of reproductive success is the ultimate goal of
life, how can such a long postreproductive period be explained in evolutionary terms?

Since 1970s, several evolutionary scenarios of human menopause were proposed to explain
the phenomenon of female reproductive senescence and in particular menopause; however,
there is still no consensus about which of these hypotheses should be preferred [31, 45, 47,
48]. In general, two different types of evolutionary explanations of menopause can be distin-
guished: nonadaptive or by-product hypotheses and adaptive hypotheses [23]. Consequently,
we have to ask that whether menopause is an adaption or an epiphenomenon [49].

At a first glimpse, the so-called by-product hypothesis seems comprehensible. The by-prod-
uct hypothesis is based on the assumption that life expectancy increased dramatically dur-
ing the last few centuries. In former times, however, the life expectancy was much shorter.
Consequently, women did simply not live long enough to experience menopause for most
time of our evolution and history. From a physiological point of view, menopause occurs
when all oocytes are depleted. The maximum number of germ cells which is produced until
fifth month in utero is adapted to a life expectancy of less than 50 years. According to the
by-product hypothesis, it was assumed that in our past only few women lived until 50 years
and beyond. Therefore, postmenopausal women did not exist. Consequently, menopause is
not an adaptation, it is nothing else than a by-product of increased life span and therefore a
very recent phenomenon [50, 51].

In contrast to by-product hypotheses, the adaptive hypotheses consider menopause itself as
a fitness advantage [52]. The most important question is, how natural selection came to favor
prolonged postreproductive phase in human life history? The antagonistic pleiotropy hypoth-
esis—first proposed by Williams in 1957 —suggests that if a gene caused both increased repro-
duction in early life and aging in later life, then reproductive senescence can be interpreted as
adaptive. In case of menopause, it was assumed that follicular depletion may cause both more
regular cycles in early life and loss of fertility in later life through menopause. Consequently,
its early benefits may outweigh its late costs [53].

From the perspective of life history, the main question is, when in our evolution an extended
postreproductive period occurred for the first time? At the moment, it seems that life circum-
stances of our ancestors changed dramatically about 2 or 1.8 million years ago at the time when
Homo erectus lived [54]. At this stage of hominid evolution, new growth patterns and encephali-
zation made a long dependency of offspring necessary and lead to life history patterns similar
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to those of recent Homo sapiens, such as introduction of childhood and also menopause and an
extended period of postmenopause [54]. Consequently, it is assumed that menopause and pro-
longed reproductive senescence occurred first among Homo erectus about 2 million years ago
[55]. Significantly associated with the existence of an extended postreproductive phase is the
introduction with the life history stage of childhood between weaning and about 6 or 7 years of
life. While weaned chimpanzees must forage for their own food, human children depend after
weaning on older individuals for food and protection. This prolonged period of dependence
during subadult phase of life makes an especially high parental investment necessary. Weaned
children need extensive care because they are not able to use resources like adolescents and
adults. Consequently, mothers have to provide a substantial fraction of their weaned children's
diet [55]. Parents are often supported by the grandparents, first of all grandmothers, who pro-
vide a substantial investment in their grandchildren [56-58]. This is especially true for post-
menopausal women with no young children of their own who help to feed and to take care of
the offspring of their daughters and near relatives [55, 59]. This successful investment of post-
menopausal women in related offspring, first of all grandchildren, suggests a solution to the
riddle of prolonged postmenopausal period in humans. The so-called grandmother hypothesis
as an evolutionary explanation of female menopause was a consequence of such ideas [60-62].

Human females are unable to reproduce after menopause; however, they invest in the off-
spring of their daughters and sons. In this way, a prolonged postreproductive span may have
increased inclusive fitness of postmenopausal women. This point of view resulted in the
introduction of the so-called grandmother hypothesis, which suggested increased fitness of
women who stop reproduction and invest in their grandchildren [55, 61, 63-65]. The grand-
mother hypothesis is mainly based on the results of Kirsten Hawkes extensive fieldwork
among Hadza hunter-gatherers northern Tanzania in eastern Africa [55, 60]. Nevertheless,
the grandmother hypotheses have been criticized by several authors [66].

Beside the grandmother hypothesis, the so-called good mother hypothesis tries to explain the
evolutionary benefit of an extended postreproductive phase in female Homo sapiens. The ter-
mination of reproductive capability independent of general senescence ensures that human
females have a real chance to be young enough at their last birth to survive until their last
offspring is able to survive without a biological mother [43, 67]. It is well documented that
the survival of the mother during the rearing period is a major determinant of their children’s
survival. Considering subadult dependency in Homo sapiens mothers should survive until the
last offspring reaches age of 7 years. According to Pavard et al. [52], menopause and subse-
quent postreproductive life are significantly advantageous when two conditions are satisfied:
a marked increase in stillbirth and risk of birth defects as well as in maternal mortality with
mother's age. Both the grandmother hypothesis and the “mother” hypothesis are the main
adaptive explanations of human menopause. Female reproductive cessation seems to be a
strategy that has been selected for during human evolution because women at older ages
might maximize their fitness by investing resources in the survival and reproduction of their
living offspring rather than by continuing to reproduce.

Recently, some new approaches to solve the evolutionary puzzle of menopause have been pro-
vided. According to the mate-choice hypothesis, male mating preference for younger females
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may lead to the accumulation of mutations deleterious to female fertility and thus lead to
the evolution of an extended postreproductive period in human females [68]. Takahashi et
al. [31] tried to explain the origin and evolution of menopause by combining a genetic basis,
behavioral factors such as mating behavior, a life history perspective, and social changes in
human evolution.

Although many different theories to explain the origin and evolution of menopause have
been presented, human menopause remains as an unsolved evolutionary puzzle.

6. Climacteric syndrome from the viewpoint of evolutionary
anthropology

As pointed out above, menopause is a common experience of all human females who lived until
about 50 years of age and beyond [23, 46, 69]. From a biological viewpoint, menopause simply
reflects reproductive senescence, the end of childbearing phase and is therefore a natural part
of female life history [5]. Consequently, menopause is not pathology because all human females
who live long enough experience menopausal transition and the cessation of reproductive
capability. Despite this fact, menopause was increasingly interpreted as a pathological condi-
tion since early nineteenth century. This medicalization of menopause within biomedical prac-
tice has affected the way menopause is viewed within society until today. Of special importance
in this case is the work of the British gynecologist E.J. Tilt, who introduced the phenomenon
of menopause in British Gynecology in 1857 [70]. In continental Europe and North America,
biomedicine practitioners began to think of menopause as a disease-like state by the 1930s.
As endocrinology improved and as synthetic estrogens became readily available in the 1960s,
menopause was treated as a hormone deficiency disease, comparably to diabetes [71]. As a con-
sequence, the medical (pathological) viewpoint dominates menopause research for a long time.

Two different approaches to this medical viewpoint can be distinguished: on the one hand,
menopause is interpreted as an own deficiency disease or endocrinopathy. According to this
view, hormonal deficiency results in symptoms of the so called climacteric syndrome [6, 71, 72].
This medicalization of menopause is mainly due to the fact that many women experience a large
variety of symptoms, such as hot flushes and night sweats, and also psychic problems such as
depression, irritability, or insomnia during peri- and postmenopause. This symptom complex
is commonly called climacteric syndrome, which make peri- and postmenopause very uncom-
fortable for many women. In western societies, 60-70% of menopausal women reported hot
flushes and night sweats [46, 69]. Climacteric symptoms seem to be strongly related to the meno-
pause-specific decline of estrogen levels [32, 33]. However, not all climacteric women suffer from
climacteric symptoms and the interpretation of the individual symptoms varies between indi-
viduals according to culture and society [46, 73-76]. Quite different is the alternative approach:
menopause is not seen as a disease by itself but menopause is interpreted as a major risk factor
for the development of other diseases such as osteoporosis, cardiovascular disease, some cancers
such as breast cancer, and also Alzheimer disease [4, 77]. Additionally, the decline of estrogen
levels after menopause enhances the risk of cardiovascular disease such as hypertension [78].
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Consequently, the risk of stroke, myocard infarct, and heart failure increases after menopause.
Furthermore, menopause also seems to increase the risk of the development of certain cancers
such as breast cancer [79, 80].

From the viewpoint of evolutionary anthropology, the so-called climacteric syndrome can
be interpreted in an evolutionary sense. Of course, potential climacteric complaints cannot
be reconstructed from fossil bones and it is not possible to search for climacteric complaints
among nonhuman primates or other social mammals. However, different attitudes toward
menopausal transition and climacteric symptoms are found in different cultural settings
[73, 75, 76].

The climacteric syndrome, however, can also be interpreted from the viewpoint of evolution-
ary medicine [81, 82]. Evolutionary medicine was formalized in early 1990s, most notably by
the evolutionary biologist George C. Williams and psychiatrist Randolph Nesse who tried
to understand why natural selection has left the human body so vulnerable to diseases [83].
According to their concept, many medical conditions that are clearly pathological today have
been adaptive in the ancestral environment in which Homo sapiens evolved. Evolutionary med-
icine is concerned with identifying and understanding these conditions in our environment
of evolutionary adaptedness (EEA) [84]. Especially, the impact of changing living conditions
during our evolution and also of more recent processes such as modernization and accultura-
tion on health and disease is focused.

As pointed out above, we can assume that menopause and prolonged postmenopausal phase
occurred first among members of Homo erectus about 2 million years ago [85]. In the first step,
we have to look at the natural and social environment of our ancestors from about 2 million
years ago up to 10,000 years ago when Neolithic transitions started. Ethnographic analyses
of the few remaining contemporary forager populations such as the Hadza in Tanzania, the
'Kung of Namibia and Botswana, Ache of Paraguay, or Efe of Central Africa provided infor-
mation about diet and life style in recent foraging economy [8, 10]. The typical life style of
foragers is highly mobile because high levels in daily activity in search of food, water, and
sleeping sites are necessary. The diet consists mainly of lean meat, wild vegetables, tubers,
berries, fruits, nuts, and roots, while excluding foods such as dairy products, grains, sugar,
legumes, and fats. From a medical point of view, typical noncommunicable diseases such as
hypertension, heart disease, cancer, type Il diabetes, or obesity are rather unknown [86]. Homo
sapiens is clearly adapted to an environment like this. With the emergence of agriculture in the
area of the fertile crescent about 10,000 years ago, subsistence economy and life circumstances
changed dramatically [87, 88]. Domestication of animals and plants allowed the production of
a surplus of food, which resulted in population growth, and dietary changes [88]. Analyses of
Neolithic skeletal remains indicated protein deficiencies and periodic food shortages, skeletal
conditions which can clearly be interpreted as results of famine and starvation. Furthermore,
the close proximity to domesticated animals exposed humans to a variety of new pathogens
resulting in an increased frequency of infectious diseases [89]. Therefore, Neolithic transition
has led to the so-called first epidemiologic transition [90]. A second epidemiologic transition
occurred about 200 years ago during industrial revolution when a shift toward manmade
diseases is observable.
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During the twentieth and twenty-first century lifestyle changed again dramatically.
Urbanization, technical advances, and general modernization resulted in a marked transition
in human life style. Advances in medicine reduced human morbidity and mortality and lead
to increased life expectancy. The daily energy effort to gather and prepare food is reduced
nearly to zero, since only few individuals are working on food production. Mechanized trans-
portation, sedentary jobs, and labor-saving household technologies reduce physical activity
too. On the other hand, more than enough energy providing food, mainly consisting of sugar
and fat is easily available [91, 92]. Consequently, a dramatic mismatch between current envi-
ronment and human body evolved in the environment of our evolutionary adaptedness can
be observed. In 99% of our evolutionary history, we have survived as foragers following a
highly mobile life style in small groups. Obesity and noncommunicable diseases were quite
unknown. Our gene pool was shaped by natural and sexual selection toward an optimal
adaptation to these environments and life circumstances. Our recent environments, however,
differ dramatically from that in which our ancestors evolved. There is no doubt that also some
genetic changes had occurred since the Neolithic transition; however natural selection works
slowly and our genome changed to a certain degree only. Therefore, we are still often adapted
to a habitat that since more than 10,000 years no longer exists [83, 93-95].

Recent health problems such as climacteric complaints, cardiovascular disease, osteoporosis,
or even postmenopausal breast cancer can be interpreted primarily as the results of a dra-
matic change in life style of women in contemporary societies. As pointed out above, the rapid
decline in estrogen levels associated with menopause experienced by recent women in indus-
trialized societies enhances climacteric symptoms such as hot flushes [23, 32, 33, 96]. These
hormonal disturbances may be the result of our recent life style patterns. We have to be aware
that life history patterns of contemporary women are unique within human evolution [65]. We
can assume that female life history patterns in our environment of evolutionary adaptedness
resemble those of contemporary hunter gatherer societies [65]. Recent female hunter gatherers
reach sexual maturation quite late. Their reproductive span is characterized by many cycles
of pregnancy, long periods of lactation, and early menopause. Consequently, the number of
ovulatory cycles is quite low and about 100 ovulatory cycles are assumed during reproduc-
tive span. Therefore life-time estrogen levels were quite low [97]. These low levels of estrogens
during adult life are caused by high levels of physical activity, a diet characterized by low fat
contents, a low amount of body fat, and low body weight [79, 97]. Consequently, lifetime estro-
gen exposition was quite low in the environment of evolutionary adaptedness. Life history
patterns of women in recent developed countries are quite different. Menarche occurs early
and first pregnancy becomes late. In Austria, for example, first menstrual bleeding occurs at the
age of 12 years on averagg, first birth, however, occurs at the age of 29.7 years [98]. This means a
period of nearly 18 years between sexual maturation and first reproduction. Reproductive span
of contemporary women living in First world countries is characterized by extremely few preg-
nancies, few births, and short periods of lactation. It can be assumed that a woman experiences
about 400 cycles on the average. Menopause occurs late and hormone supply via hormonal
contraceptives or hormone replacement therapy is usual. Consequently, life estrogen exposi-
tion is long and estrogen levels are high [99]. During menopausal transition, estrogen levels
drop down very fast resulting in rapid hormone deficiency, which may lead to climacteric
symptomatology [32, 33, 69].
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Among recent traditional societies, following quite different life style patterns such as women
in rural India or Maya women in Yucatan estrogen levels are very low during menopausal
transition; nevertheless, climacteric symptoms are rarely reported. Traditional lifestyle
is characterized by low life time estrogen levels. The decline of estrogen secretion during
menopausal transition is therefore not as dramatic as among women in western societies.
Sometimes, last lactational amenorrhea—characterized by low estrogen levels—switches to
menopause [23]. Consequently, climacteric complaints as a reaction of a sudden drastic estro-
gen decline are prevented. The high prevalence of climacteric symptoms in western societies
may therefore be interpreted as a result our recent life style.

Additionally, a high rate of physical activity and a traditional diet poor in fat reduce estrogen
levels through reproductive phase and even during and shortly after menopausal transition.
Estrogens are converted from androgens in adipose tissue. Consequently, a higher amount
of body fat increase the estrogen levels during reproductive phase and even during meno-
pausal transition. This positive association between body fat and estrogen levels increases
also the probability to develop breast cancer during peri- and postmenopause. A sedentary
life style, high fat contents in diet, high life time estrogen levels, and high rates of overweight
and obesity during middle age increase the risk of several diseases associated with meno-
pausal transition such as breast cancer, cardiovascular disease, and also osteoporosis [100].

7. Conclusion

From the viewpoint of evolutionary anthropology, menopause is a natural part of female life
history and therefore not a pathology. Several theories have been proposed to explain the
evolutionary basis of menopausal transition, although there is still no consensus. The climac-
teric syndrome—mainly caused by estrogen deficiency —may be interpreted as the result of
a mismatch between recent life style and reproductive patterns and life circumstances in the
environment in which our ancestors evolved.
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Abstract

Although menopause is a phenomenon predominantly studied in humans or laboratory
animals, this chapter discussed the case of nonhuman primates (NHPs), not only with the
objective of employing them as study models but also to better understand phylogenetic
divergence among species. Those taxonomic differences are reflected in reproductive
processes that may be similar to those of human beings, with the presence of a defined
cycle or periods of estrus, but perhaps at different ages as well, where menopause plays
a crucial role. First, it is important to delimit the concept of menopause by consider-
ing its anatomical, physiological, and biochemical parameters, including the cessation
of menstrual bleeding or perineal swelling—when present—or follicular depletion and
hormonal changes. Thus, the aim of this chapter is to discuss some of the similarities
between NHPs and human females, during the menopause period. Studying these phe-
nomena should help us achieve a better understanding of the social, physiological, and
environmental factors without adopting any particular cultural view of menopause.

Keywords: nonhuman primate, ovarian cycle, reproductive cessation, new world monkeys,
old world monkeys

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgNN



26 A Multidisciplinary Look at Menopause

1. Introduction

Menopause is a process of the reproductive aging [1] manifested in the depletion of ovar-
ian follicles, the reduction of ovarian hormones to castration levels, and the increase in the
concentration of serum gonadotropins [2]. In human beings, this process occurs in midlife,
heralded by the gradual disappearance of menstrual cycles accompanied by the end of repro-
ductive capacity, which correlates with functional and structural changes in the hypotha-
lamic-pituitary-ovarian axis [3].

This process is not exclusive to humans, for it also occurs in all iteroparous organisms that
exhibit declining fertility as a function of general senescence [4]. However, in contrast to
human beings, nonhuman primates (NHPs) and even longer lived species like tortoises,
elephants, and whales retain their capacity to reproduce until relatively advanced age [5].
Studies in NHPs, such as monkeys and apes, both in the wild and in conditions of captiv-
ity, have reported menopause as a physiological phenomena [6-8], but they clearly show
that the reproductive changes observed in NHPs differ from those of human menopause,
at least from a perspective of comparative life history [6]. This is because most of the oldest
individuals in all wild species studied showed no signs of ovarian failure, while studies
of captive primate species have observed that 67% of old females continued reproducing
throughout their lives [7].

It has been suggested that the differences between the human fertility pattern and those of
other NHPs are evident in the maximum age of reproduction and mean life expectancy at
maturity of both. This refers to the fact that human beings have an early fertility peak that
begins to decrease when they are in their mid-1920s, followed by a general decline and then
a steep drop that normally begins around age 35; being this age the specific moment fertility
functions of NHPs as macaques remain relatively constant over a long period, terminating
abruptly only a few years before age death [9].

NHPs are used in medical and scientific research due to their similarities in physiology, neu-
roanatomy, reproduction, development, cognition, and social complexity to humans, which
reflect their close phylogenetic relationship between NHPs and human beings. Primates are
divided phylogenetically into strepsirrhines (galagos, lorises, and Malagasy lemurs) and hap-
lorhines (tarsiers and anthropoids). There are three major branches of extant anthropoids or
higher primates: the Platyrrhini or New World monkeys (South and Central America) and
two groups of Catarrhini (the Cercopithecoids or Old World monkeys (Africa, Europe, and
Asia) and Hominoids (Apes and human beings)) (Figure 1) [10].

The aim of the present chapter is to discuss and analyze some similarities between female
NHPs and human females during natural or surgically induced menopause, since expanding
our knowledge of this phenomenon in mammals with such a close phylogenetic relationship
so to human beings should lead to a more comprehensive understanding of this biological
process.
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Figure 1. Taxonomic classification of extant primates with branch lengths in millions of years. Representative genus is
shown in brackets (modified from Ref. [10]).
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2. Reproductive cycles in nonhuman primate females and their relation
with cycles in human beings

For many mammals, estrus is not only confined to a brief portion of the reproductive cycle
that is characterized by an increase in attractivity and in the proceptive and receptive behav-
iors of females but is also strictly seasonal. In NHPs the reproductive cycles occur for only a
few weeks of the year, as occurs among Madagascar prosimians, such as the sifakas. In some
New World primates, such as squirrel monkeys, sexual cycles occur only during 3 months of
the year [11], but many catarrhine primates do not follow this strict pattern circumscribed by
the estrous period [12]. The literature mentioned that apes, human beings, and many mon-
keys have reproductive cycles that differ in two ways: first, the cycles include menstruation,
a cyclical sloughing of the uterine lining. Second, there is greater flexibility in the time of
proceptive and receptive behaviors with a longer duration of estrus [13]. Apes and Old World
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monkeys, meanwhile, exhibit menstrual cycles that range from 25 to 35 days similar to those
human females. Also in NHPs, mating activity is not restricted to the periovulatory period as
occurs in other mammals since female receptivity is not under strict control of ovarian hor-
mones, but is more closely related to the social context, also as in human beings [14]. Finally,
circulating steroid hormones reflect the process of ovulation and ovarian cycling [15].

2.1. Ovarian cycle in nonhuman primates

Ovarian cycles in primates begin with a follicular phase during which the follicle matures, fol-
licular secretion of estrogen increases, and the circulating concentration of progesterone (P,)
decreases [16]. In most primates, only one follicle ovulates in each cycle. It emerges during the
mid-follicular phase and inhibits maturation of other follicles by secreting large amounts of
estrogen that, in turn, reduce concentrations of the follicle-stimulating hormone (FSH) below
the threshold level required for maturation of early antral follicle [17]. Second, ovulation occurs
immediately after the follicular phase, and this maintains high circulating concentrations of
estrogens from the mature follicle while exerting positive feedback on the hypothalamus and
pituitary that triggers secretion of the gonadotropin-releasing hormone (GnRH), as well as FSH
and luteinizing hormone (LH). The increased LH reaches the ovaries where it causes the follicle
to rupture [18]. Third, during the luteal phase, the concentration of P, rises, but that of estrogens
declines. Fertilization can take place during the early luteal phase of the cycle only during the first
24 h after ovulation. This is because the oocyte has a short life span. If the ovum is fertilized, then
the corpus luteum does not degrade and continues to secrete P, until the placenta develops [19].

Some of these processes are similar to the ovarian cycles in the human beings [20]; however,
studies have found that in all primate species studied, follicular development, ovulation, and
corpus luteum formation occur spontaneously and independent of mating-induced stimuli
[21]. Also, NHPs have been shown to have extended ovarian cycles, especially prolonged
luteal phases, compared to those of other mammals [22]. Also, the duration of the follicular
and luteal phases differs among NHPs. Cycle lengths vary among different primate groups:
in prosimians, from 30 to 50 day; in New World monkeys, from 16 to 30 days; in Old World
monkeys, from 24 to 35 days; in lesser apes, from 20 to 30 days; and in great apes—including
humans—from 25 to 50 days [14, 15, 21, 23]. In contrast, squirrel monkeys have a mean cycle
length of just 7-12 days, with a follicular phase of about 5 days [24].

Menstruation appears to be absent in all prosimians and possibly in tarsiers, presumably
associated with the noninvasive form of placentation characteristic of these primates [21].
However, menstruation does occur in most Old World monkeys and apes, as well as in sev-
eral New World monkeys [25], and prosimians may be considered to have an estrous cycle,
because they exhibit distinct cyclical changes in relation to sexual receptivity, with a peak
during the periovulatory period. Finally, many New World monkeys do not exhibit either
menstruation or strict estrous cyclicity [20].

2.2. Ovarian cycle in humans

In human beings menstrual bleeding is the visible sign of cyclicity; it has a length of 3-6 days
and occurs at the end of the luteal phase and the beginning of the follicular. While fertile phase
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has a length of 5 days and is associated with the end of follicular phase and an increase of estra-
diol (E,) before ovulation, during this period conception can occur. Recent studies have found
that human females possess dual sexuality, which consists of a fertile phase where they are
more sexually attractive to men and a phase extended (non-fertile), which presents a motivation
or interest in sex with the aim of obtaining some benefits, without conception occurring [26].

2.3. Reproductive aging

Female reproductive output differs markedly in relation to species and time. As females of
many species age, a period of reproductive instability with perimenopausal-like hormonal
changes has been observed. Like many other mammals, NHP females show fertility param-
eters that are related to age [7]. Anovulation, insufficient luteolysis, and impairment of ges-
tation and lactation processes all become more common toward the end of reproductive
life [27]. Female reproductive senescence differs among mammalian taxonomic groups. For
example, in NHPs, the end of reproductive life is characterized by the loss of the follicular
pool, whereas in rodents, variations are seen in the size of the follicular pool that remains at
the end of reproductive life. In humans, experiencing follicular depletion early in the maxi-
mum life span is not usual; rather, it is the result of an extended period of altered hormonal
environments. These alterations may be caused by reduced circulating estrogens, P,, and
inhibin, resulting in elevated gonadotropin concentrations (GTHs) for a time, followed by
their decline [28]. Monkeys and apes also experience follicular depletion and associated hor-
monal alterations [8, 29], but the stage of life at which these occur is generally later than in
humans. Some reports on lemurs and callitrichids indicate an age-related decline in reproduc-
tion in many species that is reflected in diminished reproductive success [30]. Older female
sifakas (Propithecus edwardsi), a Madagascar lemur, show decreased rates of infant survival,
and studies have affirmed that this effect can be attributed to the females’ deteriorating denti-
tion resulting in inability to support lactation [31]. This indicates that reduced fertility in old
age does not, in and of itself, reflect impaired neuroendocrine or gonadal function [20].

Considering the taxonomic scale of primates, we can observe the variability in physiologi-
cal characteristics, like it is reflected in aging process. As much NHPs get closer to human
beings, more similarities are found, going through estrous cycles for strepsirrhines (galagos,
lorises, and lemurs), to ovarian cycles, and hormonal profiles similar to human being females,
in great apes (orangutans, gorillas, and chimpanzees), and Old World monkeys (macacos
and baboons). Also in both cases, at the end of their reproductive life, different physiological
and hormonal changes occur, which are associated with the loss of ovarian function that are
characteristic of aging, where this gives us the opportunity to study in a comparative way dif-
ferent alterations that could be related to the absence of ovarian hormones.

3. Menopause in Homo sapiens females and nonhuman primates

Menopause has been defined as a series of changes in the termination of reproductive viabil-
ity, of which the discontinuation of menstruation is but one component. Menstrual bleed-
ing is a marker of the ovarian and neuroendocrine phenomena of reproductive viability in
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humans [32], but not all NHPs exhibit this [24]. Consequently, menopause must encompass
hormonal, physiological, and biochemical changes that play essential roles in the cessation
of ovarian cyclicity, regardless of whether menstrual bleeding is present. However, Walker
and Herndon [1] have defined menopause in NHPs as the permanent, non-pathological,
age-associated cessation of ovulation, so to infer this event would require considering such
biological parameters as menstrual bleeding, perineal swelling, follicular depletion, and
hormonal changes.

Some species of NHPs seem to present processes that are quite similar to what human females
experience during menopause, but differences also exist, such as the shorter postmenopausal
life span and differences in the timing of hormonal changes during the menopausal transition
[33]. It is important to consider the time of menopause relative to the average and maximum
life span of individuals. For example, humans may be unique among primates in that they
have a long post-reproductive survival potential [34]. In human females, the reproductive
function does not begin with puberty nor does it end with menopause at a certain chronologi-
cal age. Instead, both of these are dynamic periods for the reproductive axis, during which
development or senescence occurs relatively rapidly. In fact, the reproductive axis ages to
a nonfunctional state (menopause) much earlier than other organs, while the reproductive
system reaches the point of failure at a relatively young average age of 51 + 8 years [35]; con-
sidering that the maximum span for humans is around 80 years, they spend nearly 35% of
her life in a post-reproductive state and in very special cases to 60% (122 years). Also, there
are significant differences between species of NHPs and humans in terms of life span. For
example, the life span of animals after menopause is short compared to humans, as they usu-
ally die not long after menopause [1].

Human females are born with a finite number of oocytes; thus, reproductive aging entails the
steady loss of these oocytes through atresia and ovulation, processes that do not necessar-
ily occur at constant rates [36]. Peak fertility in humans occurs in the mid-20s, after which it
declines steadily until a steep decrease begins after age 35 [37]. This decline in fertility occurs
despite normal hormone secretion by the ovaries of “older” reproductive-age humans, which
continues until 34 years prior to menopause [38].

In spite of the wide age range at which ovarian dysfunction and reproductive failure occur
in these species, the sequence of terminal events is fairly predictable. At the beginning of the
process, the menstrual cycle length is shortened due to early follicular development and ovu-
lation [39], which reduces fertility (premenopause). This is followed by disruption of regu-
lar menstrual cyclicity (perimenopause) and, finally, complete ovarian failure (menopause).
Studies have observed that perimenopause is an indication that the number of remaining
ungrown ovarian follicles has dropped below a critical threshold [40]. The period of transi-
tion from the reproductive phase to the nonreproductive state is called climacteric. Finally,
postmenopause is the period following climacteric and occurs when the hormonal instability
that characterizes perimenopause is replaced by the relative stability of the post-reproductive
life stage when the reproductive function has ceased [41].

Declining fertility with age is manifested more commonly in monkeys and apes, to the point
that some females cease to reproduce altogether before they die. Some reports on Old World
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monkeys in the wild mention that old toque macaque (Macaca sinica) and gray-cheeked mang-
abey (Lophocebus albigena) females no longer breed, perhaps due to increasingly long birth
intervals that terminate with death or the cessation of ovulation [42]. In contrast, NHP females
living in captivity may show life cycles marked by irregular and lengthened menstrual cycles,
reduced estrogen levels, very long birth spacing and, in a few cases—such as chimpanzees—
total cessation of ovulation [8, 43]. In captive rhesus monkeys (Macaca mulatta), menstruation
ends at approximately 25 years of age [44], and their maximum life span is around 30 years
[45]; thus, this species may have a maximum post-reproductive life span of approximately
20%, similar to what happens in chimpanzees (Pan troglodytes). There are also differences in
life span among species of NHPs and humans. For example, the life span of other animals
after menopause is short compared to humans, since they usually die after only a short time,
while humans have an extended postmenopausal life expectancy [1].

The perimenopause period is also highly variable in human beings, as age at the onset of
this period ranges from the mid-1930s to the early 1950s [46]. This wide range impedes
gaining a better understanding of the mechanisms that control the onset of menopause in
humans. In NHPs, this is even more difficult, since reproductive cessation occurs so late in
their life span that relatively few individuals actually live to those ages. However, there are
data that support the existence of a perimenopausal in NHPs [33, 47-49], a condition that
indicates a transitional stage between fertility and age-associated infertility. Also, it has
been reported that patterns of vaginal bleeding and serum hormone profiles of macaques
in the third decade of life are similar to those described for peri- and postmenopausal
human [29].

Although originally the term menopause was coined in human being context, there are some
approaches toward NHPs, which let us build it, considering not only the cessation of men-
strual bleeding but also other changes, such as the cessation of perineal swelling, follicu-
lar depletion, and hormonal-associated changes. So this term has been adapted focusing in
the physiological characteristics of each species. By other hand the life span between species
should be considered, because unlike human beings, some species usually transit immedi-
ately from the reproductive end to death. Therefore, it is of great importance to know what
are the differences between species that could help us identify the age of onset of menopause
according to the species of the study, and, since this information, it will depend on whether
or not our data can be extrapolated to the human.

4. Menopause in nonhuman primates in wild versus captive conditions

Specific studies over physiological mechanisms that govern the timing of menopause in wild
NHPs are scarce [42, 50], because many factors could mask the accuracy of these results,
including the ages of subjects —which often must be estimated [51] —predation pressures [52],
limited survivability [23], infant mortality [53], food availability and nutrition [54], and social
dynamics [55]. Therefore, this information is taken as complementary to data derived from
captive animals [1].
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4.1. Macaques (Macaca spp.)

Hodgen et al. [29] reported that female rhesus monkeys (Macaca mulatta), in captivity and at
least 22 years of age, showed true menopause, confirmed by circulating levels of pituitary and
ovarian hormones and the pattern of vaginal bleeding. Female rhesus monkeys older than
22 years are considered aged, as the maximum average life span for this species is estimated
at 30 years [44, 45]. Hence, these females are close to the end of their life span, compared to
humans, who are considered as “aged” at around 75 years.

Graham et al. [8] examined the reproductive history and histology of pigtail macaques
(Macaca nemestrina) by observing females divided into three age classes (4, 10, and 20 years).
They reported that one female over 20 years of age showed functional, hormonal, and mor-
phological characteristics of human menopause (i.e., complete follicular depletion, absence of
luteal tissue, amenorrhea, increased LH levels, atrophic uterus, and vagina). Miller et al. [56],
meanwhile, reported an age-associated decline in fertility in pigtail macaques, similar to the
findings for Macaca sylvanus reported by Paul et al. [57].

Walker's study [47], of 15 female Macaca mulatta aged 8-34 years, was designed to character-
ize the endocrine and menstrual changes associated with menopause in this species. Findings
indicate that females aged 24-26 years were in transition to menopause, evidenced by ele-
vated LH concentrations consistent with a low E, concentration and no indication of bleed-
ing menstrual. Also, the histological analysis of their ovaries showed little or no evidence of
follicular activity. Finally, the females aged 27-34 years clearly showed a postmenopausal
process, marked by high LH concentrations and uniformly low E, concentrations. This find-
ing was corroborated by Gilardi et al. [48], who suggest that in female rhesus monkeys meno-
pause does not occur until the second half of the third decade of life. Recent studies have also
reported that postmenopausal females show low E, and P, levels, high indexes of FSH and
LH, and a significant decline in the anti-Mullerian hormone and inhibin B. All these findings
indicate that these endocrine parameters may be associated with menopause [49]. On the
other hand, Johnson and Kapsalis [58] reported a median age >27 years for menopause in
free-ranging rhesus monkeys.

Recent studies have concluded that reproductive senescence correlates with overall health [23].
Gore et al. [59], for example, reported that neuroendocrine changes in senescent rhesus mon-
keys are consistent with those reported in humans [60] and that ovarian changes are related
to menopause [61], thus suggesting that these NHPs undergo ovarian changes as a function
of aging, similar to humans [40] and chimpanzee [62]. A study of Japanese macaques (Macaca
fuscata) reported that in free-ranging individuals, fertility rates diminish at around 25 years
of age [63], but those normal menstrual cycles continue when they are in captivity, despite a
loss of fertility [64]. Finally, recent studies of cynomolgus monkeys (Macaca fascicularis) have
shown an endocrine pattern similar to that of humans during the postmenopause period [65].

4.2, Great apes

The menstrual cycles, pregnancy, and genital pathology of common chimpanzees (Pan
troglodytes) were analyzed to determine the extent of perimenopausal changes in females
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with aged approximately 35-48 years. However, those analyses showed no clear evidence
of menopause, because several females continued cycling until death [8]. But the authors
did observe a reduced likelihood of conception in those female chimpanzees, even though
they did not “run out” of oocytes before the end of the maximum life span. They concluded
that female chimpanzees aged 35 years of age or more show increased reproductive senes-
cence that is quite comparable to what is seen during human climacteric.

Other studies of common chimpanzees aged approximately 48-50 years and of bonobos—
pygmy chimpanzees (Pan paniscus)—aged approximately 40 years reported that even though
the former were extremely aged, they continued to have menstrual cycles and perineal swell-
ing but with increased cycle length. Also, these aged females continue to secrete GnRH in a
pulsatile fashion, although the levels of this hormone are higher than younger females [43].
Recent studies by Lacreuse et al. [66] found that many aged chimpanzees continued to men-
struate at age 50 or more, but the length of their cycles increased after age 20. Similar results
were reported by Videan et al. [67], who concluded that menopause in Pan troglodytes occurs
at approximately 35-40 years of age. These data concur with the report on wild chimpanzee
by Nishida et al. [50]. These authors reported that the females ceased cycling after 30 years of
age. On the other hand, Thompson et al. [68] observed that healthy free-ranging chimpanzees
remained reproductively viable well past 40 years. They suggested that in Pan troglodytes,
menopause occurs as a by-product of ill health, interpreting that the onset of menopause
may be delayed in relatively healthy, long-lived animals. Studies of female chimpanzees have
shown that reproductive aging is similar to that seen in human females, including higher fetal
loss as a function of advancing age [69] and the age-related depletion of ovarian follicles [62].
Thus, these studies showed that Pan troglodyte females continued cycling into extreme old
age, which distinguishes them from human females in terms of menopause.

Other studies in Pan paniscus females, aged at least 40 years, showed no external evidence of
menstrual cycling preceding death, and hormone levels consistent with clinically observed
amenorrhea, but an exaggerated response to the exogenous GnRH challenge. Histological
examination of ovaries showed similar characteristics to those described for senile ovarian
tissue in humans [43].

Studies of captive orangutan (Pongo ssp.) females have reported the endocrine characteristics
of their menstrual cycle and similarities to the human cycle [70]. These reports considered
births and inter-birth intervals across the life span and demonstrated an age-specific decline
in the fertility of captive female orangutans (Pongo pygmaeus; [7]). Other studies with wild
female Sumatran orangutans (Pongo abelii) failed to document menopause, inferred from
increased inter-birth intervals in females of estimated age [51]. Interpreting data from wild
animals is difficult because of such countervailing factors as female rank, uncertain age, infant
mortality, and food availability [1].

An earlier study that described the reproductive physiology of female gorillas (Gorilla gorilla)
mentioned a correlation of perineal tumescence with circulating hormones and reported a
pattern of cyclic hormone secretion similar to that of humans [71]. Recently, fecal hormone
determination in two captive female gorillas aged approximately 40 years showed evidence
of the protracted luteal phases that are typical of aging human females [72].

33



34 A Multidisciplinary Look at Menopause

Information related to the occurrence of menopause in baboons (Papio ssp.) was based on
menstrual cycle length, total cessation of cycling that occurs at 26 years of age in captivity
[73]. Similar results were reported by Lapin et al. [74], and other studies of wild baboons have
reported increased cyclic variability with age and a complete loss of fertility by the age of 25
years. This suggests that baboons undergo age-linked alterations in reproductive function
similar to those of humans.

The living conditions of primates have an impact over the animal life span, so the observa-
tions in captivity are not always the same as in wild conditions. Although there are some
reports about NHP aging process and menopause, they are scarce. Most of the studies report
animal physiology and behavior in captivity, because to follow animals in wild by a long
period is a very difficult process due to the NHP living conditions.

5. Nonhuman primates as a model to study human being menopause

Due to the biological similarities between human beings and NHPs, the latter have been stud-
ied in the search for an adequate model of menopause. However, it is necessary to clearly
delimit the similarities and differences among reproductive characteristics, perimenopausal
and menopausal changes, and the average life span of different species [1]. Establishing sim-
ilarities with humans during this search requires considering the characteristics of meno-
pausal processes when animals are in captivity versus those who are free-ranging, in order to
avoid the confusions that have led to the assertion that menopause is a uniquely human event
[1]. Walker and Herndon [1] suggested that a comparative analysis of female reproductive
senescence should focus on the anatomical, physiological, and biochemical changes that are
essential to the cessation of ovarian cyclicity, regardless of the presence of menstrual bleed-
ing. There are few reports on menopause in New World primates compared to Old World
monkeys, but studies of the latter have observed declines in sexual activity and decreased
birth rates. Also, reports on captive apes suggest a long post-reproductive life span, though
this has not been confirmed in the wild [30].

Among the different primate taxa, menopause is manifested along an evolutionary continuum:
in some species—such as cercopithecines and apes—it is followed by an extended post-repro-
ductive life span, while in others it may presage death. In terms of NHPs as models for meno-
pause, the species that have most often been employed are baboons and chimpanzees. Studies
of these primates have attempted to simulate all the consequences that characterize meno-
pause, namely, hormonal and cognitive changes, cardiovascular alterations, and osteoporosis.

Until recently, the occurrence of reproductive termination in NHPs was widely questioned.
However, numerous studies have reported that this does indeed occur in several species of Old
World monkeys and great apes. Most of this research has been conducted with Macaca mulatta
[29, 33, 4749, 59, 61], but other species also experience menopause, including Pan troglodytes
[43, 62, 67] and Gorilla gorilla [27]. For example, the hormonal profiles of peri- and postmeno-
pausal macaques, chimpanzees, and gorillas [1, 61, 67], as well as the age-related decline in the
number of primordial follicle in macaques [61] and chimpanzees [62], share many similarities
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and occur in a pattern like to that of aging women [40]. On the basis of data from various
studies, Fedigan et al. [75] affirmed that “from an endocrinological perspective, reproductive
decline may well follow a similar pattern in all primates, and we could use cases of individual
post-reproductive monkeys and apes as clinical models of the physiological basis for meno-
pause in human being. However, from an evolutionary perspective, these studies fail to dem-
onstrate similarity between reproductive senescence in NHPs and menopause in the human
female. Instead, they highlight the critical differences: female macaques and chimpanzees that
cease to cycle very close to age at death, whereas human females cease to cycle in middle age;
female macaques and chimpanzees cease to cycle on an idiosyncratic basis, whereas human
females universally cease to cycle at the average age of approximately 50 years.”

In light of these data, it is clear that regardless of the age at the onset of menopause, there
are numerous physiological similarities between the females of NHPs and human females
with respect to the gradual decline and eventual cessation of reproductive capacity. For this
reason, several authors of excellent reviews [1, 29, 30] have proposed that NHPs provide the
most appropriate animal models available for analyzing menopause in human females and
the processes associated with it.

Although NHPs present a rich opportunity to study the process of reproductive senescence
or menopause (i.e., the permanent, non-pathological, age-associated cessation of ovulation,
[1]) and play a unique role in translational science by bridging the gap between basic and
clinical research [76], their use as experimental subjects is limited by the lack of available
NHPs that are undergoing the perimenopausal transition and natural menopause, their short
menopausal compared to that of human being, high costs, and the strict ethical guidelines
that researchers must follow when studying them (see Ref. [33, 76]).

Despite these difficulties, the use of NHPs as study models has several advantages. Macaques
(Macaca spp.), including Macaca mulatta and Macaca fascicularis monkeys, for example, have been
particularly useful due to their availability, moderate size, and ability to adapt to laboratory con-
ditions. Also, approximately 95% of the overall genetic coding sequence of macaques is identical
to that of humans [77], and many of their physiological systems are comparable. Finally, because
they are relatively long lived, they are effective models for studying a number of diseases and
conditions that increase in frequency with aging. These factors explain why female macaques
have been the preferred model for examining critical health concerns of human beings, includ-
ing luteal phase deficiencies and hypothalamic amenorrhea [78], obesity and diabetes [79], car-
diovascular diseases [80], osteopenia, osteoporosis [81], osteoarthritis [82], cognitive deficits
associated with age [76], and —at least potentially —decreased interest in mating [83].

If a single conclusion can be gleaned from this brief summary, it is that a large number of
physiological conditions and pathologies that human beings experience during their life-
time appear to be broadly manifested in primate taxa, though information is lacking in other
regards, such as the interaction between deficits in cognitive processes and their effect on the
modulation of social and sexual interaction.

Primates are mammals distinguished by their large brains, advanced cognitive abilities, flex-
ible behavior, and sophisticated social systems [84]. For example, chimpanzees have the ability
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to recognize themselves in a mirror [85] and perform tasks involving concept formation [86].
Moreover, the structure and function of human and NHP brains are very similar. In this regard,
we can mention nuclear organization, projection pathways, and innervation patterns [87], as
well as similar cortical development and organization [88], including visual cortical functional
divisions and prefrontal cortex subdivisions [89] that are critical for cognitive processes [90].

In human beings and NHPs, cognitive and reproductive functions decline gradually with
advancing age and more precipitously with the loss of circulating estrogen that occurs during
menopause. Cognitive deficits in NHPs can be quantified over their life span using a battery
of cognitive tests that are similar to, if not the same as, those used with humans [91]. These
include the monkey version of the Wisconsin Card Sorting Test (WCST) [92], which is the gold
standard for assessing cognitive flexibility in humans. Using a version of WCST (without the
numerosity category), executive function deficits have been reported in both middle-aged
and older rhesus monkeys [93], as well as in middle-aged menopausal rhesus monkeys [91].
However, the limited availability of animals of adequate age [33] means that studies with
monkeys typically involve only a few animals and use premenopausal ovariectomized sub-
jects rather than naturally menopausal females.

Given the dramatic effects of sex steroids on neuronal morphology and brain activity in
regions involved in cognition, one might expect that age-related changes in the endocrine
milieu will have important consequences for cognitive functions. In effect, data on aged, natu-
rally or surgically menopausal monkeys indicate that estrogen does indeed modulate a broad
range of cognitive domains, such as learning and memory. These effects observed appear
to be task specific and sensitive to the time that passed without estrogen prior to estrogen
replacement. For example, on the delayed response (DR) task—a test of prefrontal function-
ing—it was noted that performance was impaired in postmenopausal individuals compared
to age-matched premenopausal rhesus monkeys [94]. This result suggests that the absence of
estrogen, associated with menopause, could be detrimental to prefrontal functioning.

Although the effects of the menstrual cycle, estrogen withdrawal, and estrogen replacement
in young monkeys appear limited to non-mnemonic functions, such as attention or aspects
of face processing [95], a broad range of cognitive functions, including memory, are sensi-
tive to estrogen deprivation and replacement in older monkeys [92]. Neurobiological data
are consistent with such cognitive findings and demonstrate an array of morphological and
physiological changes following ovariectomy and/or estrogen replacement in brain areas that
are important for cognition.

Although the specific mechanisms through which estrogens may affect cognition remain to
be elucidated, it is clear that these hormones have broad effects on areas of the brain that play
key roles in cognitive functions [96]. Estrogen receptors are found in the cerebral cortex, hip-
pocampus, and amygdala in both monkeys [97] and human beings [98]. Estrogens alter the
neuronal morphology and physiology of some of these areas [99].

NHPs provide valuable animal models that have significantly advanced our understanding of
numerous behavioral and biological phenomena in humans and other primates. Their value
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as models for studying menopause in humans derives from their common ancestry, as well
as a series of hormonal, cognitive, and social influences that are similar to those experienced
by human beings. The aging process or menopause has been also explored focusing through
the neural basis of cognitive functioning, revealing not only alterations over specific neural
systems but also differences in the affectation level among brain regions and neurobiological
parameters. Therefore, further research into the interactions among hormones and various
neurotransmitter systems could potentially produce improved knowledge of the neural and
hormonal bases that comprehend the gamma of alterations that human beings suffer before,
during, and after menopause.

5.1. Anxiety and depression during natural or surgical menopause of nonhuman
primates

The decrease in ovarian hormones during natural and surgical menopause is associated with
a higher incidence of psychiatric disorders, such as anxiety and depression in vulnerable
women, where the decrease of hormones —principally E, and P,—can induce neural changes
that exert affects on both the emotional and affective levels [100]. In this regard, ovariectomies
in NHPs have been used as a model of surgical menopause at the experimental level, given
that the absence of certain hormones induced by ovariectomy can reproduce the physiologi-
cal, emotional, and affective change characteristic of menopause.

At the behavioral level, ovariectomized primates may exhibit anxiety and depression-related
behaviors. For example, long-term ovariectomy may increase anxiety in Japanese macaques
(Macaca fuscata), associated with decreases in such behaviors as positive social contact, domi-
nance, and the time spent receiving grooming. Similarly, temperament tests performed on
these individuals show an increase in anxiogenic behavior [101]. Furthermore, ovariectomized
pigtail macaques (Macaca nemestrina) present higher scratching rates [102], a well-established
indicator of anxiety in NHPs, while in Japanese macaques, a reduction in locomotion has been
observed after ovariectomy [101], in association with depressive behavior. Therefore, these
behavioral alterations are probably due to the absence of ovarian hormones, given that after
ovariectomy in rhesus (Macaca mulatta) and pigtail macaques a reduction in E, and P, concen-
trations is detected, in relation to increased anxiety [102].

The absence of ovarian hormones in NHPs may also generate neural changes in the brain
(Table 1). Studies of ovariectomized Japanese monkeys have detected downregulation of
estrogen receptor beta (ER-B) in the subiculum of hippocampal formation, while postmeno-
pausal monkeys of the same species have shown upregulation of ER-3 [103]. On the other
hand, in ovariectomized African green monkeys (Cercopithecus aethiops sabaeus), a reduction
of synaptic plasticity of the hippocampus was detected [104]. Given that the reduced density
of dendritic spines and ER-f in the hippocampus is related to an increase in indicators of
anxiety and depression in ovariectomized rodents [105], this is probably occurring as well in
nonhuman primates that experience surgical menopause. In addition, the long-term absence
of ovarian hormones may impact serotonergic activity. For example, it has been demonstrated
that ovariectomy in rhesus macaques reduces expression of the mRNA of the tryptophan
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Species Natural menopause/ Neural changes Related behavior ~ References
ovariectomy

African green monkeys Ovariectomy Reduced density of Not reported [104]
(Cercopithecus aethiops dendritic spines in the CA1
sabaeus) layer of the hippocampus
Pigtail macaques (Macaca ~ Ovariectomy Not reported Anxiety [102]
nemestring)
Rhesus macaques (Macaca ~ Ovariectomy Increased expression Not reported [107]
mulatta) of MAO-A protein and

decreased expression of

TPH and SERT proteins in

the dorsal raphe nucleus
Rhesus macaques (Macaca ~ Ovariectomy Decreased expression of Not reported [108]
mulatta) TPH2 mRNA in the dorsal

raphe nucleus
Rhesus macaques (Macaca ~ Ovariectomy Increased DNA Not reported [106]
mulatta) fragmentation of serotonin

neurons in the dorsal raphe

nucleus
Japanese macaques Ovariectomy Not reported Anxiety and [101]
(Macaca fuscata) depression
Japanese macaques Ovariectomy Reduced Fev, TPH-2, SERT, Not reported [109]
(Macaca fuscata) and 5HT,, gene expression

in the dorsal raphe nucleus
Japanese macaques Natural menopause  Upregulation in the Not reported [103]
(Macaca fuscata) ER-f immunoreactivity

in the subiculum of the

hippocampal formation
Japanese macaques Ovariectomy Downregulation in the Not reported [103]

(Macaca fuscata) ER-B immunoreactivity
in the subiculum of the

hippocampal formation

Table 1. Neural changes related to anxiety and depressive-like behaviors in nonhuman primates with natural or surgical
menopause.

hydroxylase-2 (TPH-2) enzyme, increases the expression of MAO-A, and increases DNA frag-
mentation of serotonin neurons in the dorsal raphe nucleus [106]. These events could lead, on
the one hand, to greater serotonin degradation and, on the other, neuronal death and, finally,
a malfunction of the serotonergic system.

Furthermore, long-term ovariectomy in Japanese macaques reduces the expression of serotoner-
gic neurons and gene expression of TPH-2, the serotonin reuptake transporter (SERT), and 5HT,
autoreceptors in the dorsal raphe nucleus [109]. This agrees with data showing that in depressed
female of Macaca fascicularis the binding potential of 5SHT, receptors is reduced in the hippocam-
pus, amygdala, and cingulate cortex [110], three of the structures involved in the pathophysiol-
ogy of anxiety and depression. In contrast, stress-sensitive female monkeys of the same species
decrease levels of Fev (transcription factor that determines whether a neuron is serotonergic),
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TPH-2, SERT, and 5HT,, mRNAs in the dorsal raphe nucleus [111]. Thus, in the long term, the
reduction of TPH-2, which is important for serotonin synthesis, together with determinant mark-
ers for serotonergic function, could generate a higher incidence of anxious and depressive behav-
iors in NHPs with menopause, as occurred in human beings.

On the other hand, exogenous administration of E, or P, in ovariectomized primates has the
capacity to restore serotonergic neurotransmission [106]. Further, serotonin neurons can
express the ER-{3 protein and ER-B mRNA [112]. And, therefore, estrogens could increase the
availability of serotonin in the brain by interacting with its receptor. Thus, the absence of ovar-
ian hormones, such as E, and P,, has the ability to induce changes at the level of the the central
nervous system in primates [103]. This evidence suggests that neural changes could be related
to anxiety and depression behaviors, which could indicate some vulnerability in NHPs that
experience natural or surgical menopause or suffer changes in different neurotransmission
systems in which ovarian hormones participate, all of which could affect the emotional and
affective state of these individuals.

6. Conclusion

Menopause is a natural process that entails the permanent cessation of ovulation. It is associ-
ated with physiological and structural changes in aging females. Although it has long been
assumed that menopause occurs only in human beings, the search for medical/clinical models
to aid in research on this process has revealed that some species of NHPs also exhibit meno-
pause. However, certain differences between human females and NHPs are clear: shorter
postmenopausal life spans and variations in the timing of hormonal changes during the
menopausal transition. But NHP models allow us to better understand not only several of the
processes that occur during human aging—such as cognitive changes, cardiovascular altera-
tions, and osteoporosis—but also similarities among species along the taxonomic scale.

On the other hand, increases in anxiety and depression behaviors may be observed in NHPs
that undergo natural or surgical menopause. In a comparative perspective, these findings could
improve our understanding of the neurobiological mechanisms that underlie emotional and
affective disorders associated with the absence of ovarian hormones, given that experiments
have demonstrated that long-term hormonal absence has the ability to affect numerous neuro-
transmission systems involved in mood disorders. In addition to reproducing various neural
changes that can be correlated with depressive and anxious behaviors in NHPs, this might help
understand the neurobiological substrate of emotional and affective disorders that can appear
in women who experience natural or surgical menopause.
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Abstract

Menopause is one of the age-related phases of physiological transition of females. There
is robust research and information regarding its biological aspects specially its endocrine
base, yet the psychosocial aspect is quite interesting and debatable due to its variability
among different cultures and climates. There are certain subthreshold response in form fear
and loss of reproductive life to no more ability to reproduce and a feeling of loss of feminin-
ity. The period of menstruation simulated to reproductive age or fertility is around half of
their lives; therefore, loss of fertility or reproductive life may be a source of stress specially
among tribes where long reproductive age period is desired on the cultural belief that this
will lead to a large family size that is considered as a symbol of success. Psychological fac-
tors such personal or inter-psychic (personality, self-esteem, and coping skills) and intra-
psychic (relationship issues and social support) may contribute in the onset, course, and
repose to perimenopausal period. There are certain psychiatric conditions such as anxiety,
depressive disorder, and premenstrual dysphoric syndrome related to premenopausal
period that must be screened. Before embarking on pharmacological treatment, psychoso-
cial intervention especially lifestyle modifications must be offered to avoid complications.

Keywords: menopause, psychosocial, women, depression, anxiety

1. Introduction

As female grows old with passing years, she undergoes different phases of life, from child-
hood to adulthood. Her body keeps on changing at all levels; may it be anatomical, physi-
ological, and hormonal with the years of aging. Menopause is just another phase of life like
puberty. It is the time when ovaries stop producing eggs any more.

Menopause is a Latin word where “Meno” means month and “pause” means to stop. Various
terms have been used for menopause in different languages as “Haiz ka band hona” in Urdu,
“alssnn yas” in Arabic.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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It is neither a disease, an illness, a pathology, nor a state of being not well but just a normal
physiological phenomenon of aging among females from transition of reproductive life to no
more ability to reproduce. It has no impact on sexuality of a female. This transition occurs
with some changes in hormones of female endocrine system predominantly estrogen leading
to menopausal symptoms.

For women, the menopausal period is considered the climacterium, the middle adulthood; a
period in life characterized by decreased biological and physiological functioning and may
lead to psychosocial disturbance in form of interpersonal relationships [1]. It may start any-
where from the 40s to the early 50s but generally occurs between 47 and 53 years [1].

Considering the onset of menopausal age, one must keep in mind the difference between
days per year in various calendars such as a lunar year of 354 days used by Muslims as
compared to the solar year of 365 despite the fact that the later also known as Gregorian
calendar is widely in use, but ancient calendars are also used by a significant number of
peoples who belong to certain regions and religions, in the form of the Julian calendar, the
Islamic calendar, etc.

The menopausal condition has been analog in men as andropause. For men, the climacterium
has no clear demarcation; male hormones stay fairly constant through the 40s and 50s and
then begin to decline [1].

All women will not experience menopause in the same way in terms of their onset and symp-
toms. Apart from a normal response or may be a positive feeling in the form of relief from
pain or at least the burden of the management of menstruation each month, many premeno-
pausal women have concerns that they will experience mental instability, sudden signs of
aging, and diminution of sexuality at this time. Culture, health, previous experience of mood
problems, lifestyle, and whether menopause onset is a natural, surgical, or chemotherapy-
induced, will all impact on menopausal symptoms. Increased risk for psychiatric morbidity
is seen in women who experienced early menopause or surgical menopause [2]. According
to study of Bernice Neugarten, the famous American psychologist who is specialized in adult
development and the psychology of aging, more than 50% of females described menopause
as an unpleasant experience, some believed that their lives had not changed in any significant
way, and many women experienced no adverse effects while some reports feeling sexually
free after menopause of any worry of becoming pregnant.

2. Psychological factors

2.1. Personal psychological vulnerability

Large epidemiological studies have shown that the years usually associated with natural
menopause, that is 45-55, are not associated with increased psychiatric morbidity or more
utilization of health services by women [2-5]. Various personal factors of an individual female
may affect her menopausal experience. Such as follows:
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¢ Past experience of mood disorders.

* Negative attitude to menopause and aging: women with more negative attitudes toward
the menopause in general report more symptoms during the menopausal transition [6].

* Life events, personality, and coping.
* Self-esteem: women with a low self-esteem used to have more severe menopausal com-

plaints [7].

2.2. Life stressors

They may include the following;:
* Lack of social support

¢ Unemployment

¢ Surgical menopause

e Poor overall health status

2.3. Interpersonal relationships

Social interpersonal relationships also have their impact on a person’s life and general well-
being. They constitute a major social support in a woman'’s life and help her in managing
stressors and problems in life with influencial effect on psychological health. They may
include the following;:

* Relationship with a partner
* Relationship with children
* Relationship with friends/social support

Menopause could be a stressful transition due to various beliefs related to fertility and a grad-
ual diminishing role or role shifts in society. Depression at menopause has been attributed to
the Empty Nest Syndrome. A phenomenon observed with depression that occurs in some men
and women when their youngest child is about to leave home. Many women, however, report
an enhanced sense of well-being and enjoy opportunities to pursue goals postponed because
of child rearing [1].

3. Social factors

Education and socioeconomic statuses are also important factors found to influence the
intensity and symptoms of menopause [8]. The influence of psychological factors, lifestyle,
body image, interpersonal relationships, role, and sociocultural factors in predicting levels of
depression and anxiety in the menopause cannot be ignored.
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Role, social factors, and culture have a great impact on menopausal symptoms, as few studies
have shown rates of depressive symptoms and hot flashes or sweats were significantly lower
among Japanese women than females of American and Canadian population [9]. Such varia-
tions across cultures may reflect differences in

* Beliefs and expectations regarding menopause and aging
e Status and roles of women in a particular society

* Sensitivity to specific symptoms

* Biology, diet, and health behaviors

In developing countries where there is low literacy rate, it has been observed that females
expect conception even after menopause, and this may be because the success of woman was
considered to be related to production of more children, particularly males.

The factors that must be considered while dealing with menopausal women are the following:

1. The variation in reproductive period, i.e., from onset of menses (also termed “menarche)”
to menopause.

2. Variation in life expectancy among different countries, e.g., life expectancy of woman is as
low as 50.8 years in Sierra Leone and as high as 86.8 years in Japan.

As reproductive life could vary significantly among the various countries, we may consider
average menarche age as 13 years and age of menopause as 51 years, and on calculating
the reproductive period of women in developing country with average life expectancy of 50
years, they would have reproductive life that is 74% of their total life in comparison to women
of developed country with life expectancy of 86 years who would have reproductive life con-
stituting only 44% of their life from birth.

With the above fact, the period of menstruation is simulated to reproductive age or fertility
is around half of their lives; therefore, loss of fertility or reproductive life may be a source of
stress specially among tribes, where long reproductive age period is desired on the cultural
belief that this will lead to a large family size that is considered as a symbol of success.

4. Secondary effects on mood/psychiatric morbidity and menopause

Popular psychiatric nosology such as the WHO International Classification of Diseases (ICD-
10) and Diagnostic and Statistical Manual of Mental Disorders (DSM-5) is also ambiguous
about this condition; therefore, insurance for its management need to be addressed. ICD-10
has a variety of coding for menopause and related menopausal disorders as shown in Figure 1.

Menopause is not a time of high risk for psychiatric illness but may be a time of psycho-
logical stress for women. Some women will experience psychological symptoms during the
perimenopausal years [10]. Since mild emotional symptoms occur in many women during
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CEEE Mencpausal and other perimenopausal disorders
Exel:  ewtestive bleeding in the premenopausal period (N2 .4)
pedtmenopausal:
= GEbeoponogis [ME10)
= GELGCDONSEs
& with pathobagical fracturg (MB0,0)
= urgthrigis (NM34.2]
premakure menopause NOS (E28.3)

NS5O  Postmenopaussl bleeding
Excl:  that msscciated wikh artificial menopause (M92,1)

N35.1 Menopausal and lenale climacteric states
Sy ptons such &5 Aushing, slesdlissness, Readache, Bidk oF oon Serteation, sociated with menopause
Exed:  thess sssosiabed with artificial mencpaais (H25.3)

H25.2 Postmanopausal atrophic vaginitis
Sinle [ wrophic) vaginitis
el that siscciabed wikh artificisl menopause (HE5.3)

H95.3 States associabed with artiicisl menopanss
Post. artificial-fidnopause Syndnieé

W358 Other speciied menopausal and perlmenopausal diserders
H25.9 Menopausal and perimenopaussl disorder, unspecified

Figure 1. ICD-10 coding for menopause and related disorders.

the perimenopausal years, it is important to establish whether the symptoms are of sufficient
severity and duration to constitute major depression, generalized anxiety disorder, or panic
disorder. Psychological distress is usually seen more in females with disturbed sleep [11]. Sleep
could be disturbed in midlife due to psychosocial stressors of life or as a result of symptoms
of menopause like hot flushes (also termed as “flashes”) and night sweats. Female reproduc-
tive hormones and rapid changes in their levels may influence neurotransmitters in the brain,
particularly the serotonin and gamma amino butyric acid systems. Estrogen modulates sero-
tonin to increase serotonin presynaptic reuptake, modulates norepinephrine levels, decreases
monoamine oxidase levels, affects dopamine turnover, increases brain excitability, affects
endorphin levels, and possibly interacts with gamma amino butyric acid [12]. Progesterone
is found to increase monoamine oxidase levels. In high doses, progesterone has an anesthetic
effect and may decrease brain excitability through an interaction with the gamma amino
butyric acid system [12]. The drop in estrogen levels during perimenopause and menopause
can lead to hot flashes that disturb sleep. This can lead to anxiety, fears, and mood swings [1].

The greater frequency of symptoms during the years prior to the end of the menses and the
reduction of symptoms once menopause has occurred suggest that emotional symptoms are
related to changing hormone levels rather than low hormone levels [12].

Research has shown that reproductive hormones produced during menopause contribute to
mood alterations, such as depression [13]. Menopausal status, however, remains an indepen-
dent predictor of depressive symptoms [14]. Some women experience anxiety and depres-
sion, but women who have a history of poor adaptation to stress are more predisposed to the
menopausal syndrome [1].

The two most common psychiatric conditions are anxiety and depression. Therefore, all the
general physicians and gynecologists must ask two screening questions for each of these con-
ditions from women of perimenopausal age, as suggested by experts, given in Figures 2 and 3
(*in Urdu—for developing countries where Urdu language is medium of communication).
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Screening Depression in Suspected cases

& Use following 2 screening questions > = 2 \-/- \
case i i

@® 1, Over the past 2 weeks, have you felt down, depressed, or hopeless?
(Udaas, Na-umeed, Mayoos)"

® 2. Over the past 2 weeks, have you felt little interest or pleasure in
doing things? (Shouk, Dilchaspi, Khushi/lLazat)*

Ref David Goldberg , Prascribing anti-depressants in primary care and heespital prachica |
Depressian in medical secularities ; WPA Buletin on Depression * Facing, understanding and managing
Dapreszion Vol 7 o 26 2003

Figure 2. Screening questions for depression among perimenopausal cases (Urdu).

Identification: anxiety

Figure 3. Screening questions for anxiety among perimenopausal cases.

4.1. Depression and the menopause

The changes that occur in hormone levels along with general health, shifts, and stresses of
family life in a woman's menopausal years as a whole effect the onset of depression among
them [15]. According to a study at Harvard on Moods and Cycles constituting premeno-
pausal women aged 3644 years with no history of major depression with a follow-up of these
women for 9 years to detect new onsets of major depression. Clinically significant depres-
sive symptoms likely to develop among perimenopausal women were twice as common than
women who had not yet gone under menopausal transition [16].
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Typical symptoms of depression include depressed mood, anhedonia, and fatigue. Reaching
diagnosis of Depressive Disorder, two internationally recognized criteria are of ICD-10 and
DSM-5. Symptoms should be there for at least 2 weeks and leading to poor social or occupa-
tional functioning and condition should not be due to any substance use. Presence of at least two
typical expressions with two common symptoms constitutes the criteria of Major Depressive
Disorder (F32) according to International Classification of Diseases version 10 (ICD-10), while
presence of at least one typical and five or more common symptoms constitute criteria to diag-
nose Depressive Disorder in Diagnostic and Statistical Manual (DSM). List of Symptoms is
shown in Figure 4.

4.2. Anxiety and the menopause

Women who are more anxious experience greater extent of menopausal symptoms. Many
of the symptoms of anxiety and menopause coincide like sweating, palpitations (increased
heart rate), restlessness, sleep disturbance, which may confuse some. But no correlations have
been found in between hormonal changes during menopause with incidence of anxiety dis-
order. Other psychosocial factors may contribute in development of anxiety among females
of midlife.

Criteria for Depressive Disorder

Common symptoms / Typical symptoms
Depressed mood: most of the day, nearly every day
Anhedonia: diminished interest

Fatigue: loss of energy

Weight change: more than 5% per month

Disturbed sleep: insomnia, hypersomnia (atypical depression
Agitation: psychomotor

Reduced libido

Inappropriate guilt

Indecisiveness: diminished ability to think

ﬂ Suicide: thoughts of death

ICD 10: 2 Typical + 2 Common
DSM V: 5 or =5 core, 1 Typical

—‘“"-D."-'-':’.‘"'P'-'F"'.'h‘f-ﬂ!‘ﬂ.—“

Figure 4. ICD-10 and DSM diagnostic criteria for depressive disorder.
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Symptoms of anxiety include the following;:

* apprehension

e irritability

® impatience

e fearfulness

¢ restlessness

e difficulty concentrating

¢ trouble falling asleep

* increased frequency of urination
¢ hyperventilation

* sweating, especially in the palms

e muscle tension

The symptoms of anxiety and depression may sometimes coincide and may be present simul-
taneously so if asked what are the defining symptoms of anxiety and depression? The clear
difference and presentation of symptoms have been described in Figure 5 with various differ-

ences and the similarities of anxiety and depressive disorder.

Anxiety & Anxiety Disorder Depression

Fesling of fear, apprehension and excessive s
anxiety energy of hope

Showing down of physical movement and lack ¢

lPhysnaI feefings of agitabon, muscle tension and
symptoms of arosty eg. heart symploms, nauses,
dissociation, diarrhoea, breathing difficulbes etc

General sense of baing tense and rigid hysical body slumped

'May be a perfectionist and i concerned about the I a8 of interest and ambibion (can lead to poor
results of activibes (can lead to poor performance) |performance)

lMay fear death but not focused on suicide (Swcide [Suicidal tho ughts presentin deep depression
thoughts came anly when Depression is a
secondary effect of anxiety desorder)

Figure 5. Features that differentiate anxiety and depression.
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4.3. Other psychiatric conditions

Apart from anxiety and depressive disorder, the other psychiatric conditions that have been
linked to menopause are premenstrual dysphoric syndrome and surprisingly a rare condition
Trichotillomania discussed as under.

Premenstrual dysphoric syndrome: it is a condition of changing mood with changes in hormone
levels every month before menstruations.

Anecdotally, many cases as they approach to menopause report that their symptoms of pre-
menstrual dysphoric syndrome worsen at onset of perimenopause and alleviate with meno-
pause [17].

Trichotillomania (hair-pulling disorder) symptoms may worsen at perimenopause [17].

5. Biopsychosocial aspects in management of symptoms of menopause

The art of assessing menopausal symptoms and menses may be threatening in some culture;
therefore, reaching this condition needs proper working and skills which are less cumber-
some because in general females are sensitive about aging process and loss of fertility.

5.1. Pharmacological interventions
5.1.1. Hormone replacement therapy

Estrogen and androgen alone or in combination of both is found to be more effective in
improving symptoms in nonclinically depressed perimenopausal and menopausal women
according to meta-analysis [18] of various studies on effects of hormone replacement thera-
pies on mood. Progesterone had a much smaller effect, and when combined with estrogen,
reduced the positive effects of the estrogen. The most robust effect was noted with androgen,
either alone or in combination with estrogen.

Studies have shown that combined estrogen-progestin drugs (e.g., premarin) cause small
increases in breast cancer, heart attack, stroke, and blood clots among menopausal women.
Studies of the effects of estrogen alone in women who have had hysterectomies (because
estrogen alone increases the risk for uterine cancer) are ongoing [1].

5.1.2. Antidepressants

Depression during perimenopause and menopause is treated in much the same way as
depression that strikes at any other time.

Although symptoms of depression are relieved by a majority of antidepressants including
SSRIs such as Fluoxetine, Paroxetine, SNRIs, e.g., venlafaxine, des-venlafaxine, and TCA as
amitriptyline, but desvenlafaxine (the dual serotonin and norepinephrine reuptake inhibitor)
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is used popularly, off label, for symptoms of depression with menopause despite the fact that
the US Food and Drug Administration (FDA) has denied an application for its use for the
treatment of moderate-to-severe vasomotor symptoms such as hot flashes associated with
menopause.

A meta-analysis shows that desvenlafaxine was associated with a statistically significant
reduction in the number and severity of daily moderate-to-severe hot flashes. The number of
nighttime awakenings because of hot flashes was also significantly decreased. However, the
rate of desvenlafaxine treatment discontinuation because of adverse events was significantly
higher than placebo-treated women and the risk ratios of adverse events such as asthenia,
hypertension, anorexia, constipation, diarrhea, dry mouth, nausea, dizziness, insomnia, som-
nolence, and mydriasis (the dilation of the pupil) were very high [19].

5.2. Nonpharmacological interventions
5.2.1. Lifestyle modifications

A healthy lifestyle can help to reduce symptoms of menopause

1. Exercise
* Being physically active helps with hot flushes, stress, and mood

* Exercise has beneficial effects on hot flashes, well-being, Body Mass Index (BMI) and Coro-
nary Heart Diseases risks [20]

* Activities that stimulate the brain can help rejuvenate memory such as doing crossword
puzzles, longhand mathematics, and reading books.

2. Diet
* A nutritious diet helps with fatigue and moodiness.

* A healthy diet, low in fat, high in fiber, with plenty of fruits, vegetables, and whole-grain
foods.

¢ Intake of foods with phytoestrogen.

Phytoestrogens are estrogen-like substances found in some cereals, vegetables, legumes
(including soy), and herbs. They might work in the body like a weak form of estro-
gen. The first widely attributed health benefit of phytoestrogen consumption was relief
from vasomotor perimenopausal symptoms, including hot flushes and night sweats.
Moderation is a likely key and the incorporation of real foods, as opposed to supple-
ments or processed foods to which soy protein is added, is probably essential for maxi-
mizing health benefits [21]. Consumption of 30 mg/day of soy isoflavones reduces hot
flashes by up to 50% [22].

¢ Ensure enough calcium and vitamin D intake on regular basis
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* Avoid smoking and alcohol, as it is known to make hot flushes worse
¢ Foods that should be avoided in menopause
- Caffeine

- Spicy foods

5.2.2. Social support

¢ Social interactions with family and community, nurturing relationship, and healthy emo-
tional support from friends are very effective means. A professional help from a counselor
and mental health professional is quite effective and must be readily available. Misconcep-
tion as described by individuals as potentially difficult, embarrassing, and stigmatized lead-
ing to fear and avoidance in some individuals at developing countries must be addressed.
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Abstract

Depression is a psychiatric disorder that affects a high percentage of women. Most of
the depression disorders turn up during the premenopause and perimenopause stages
when the hormonal oscillations make an impact in the brain function principally on
the serotonergic system, which is related to neurobiology of depression. 5-HT1A and
5-HT2A receptors change on functionality and density in afferent areas related to emo-
tional modulation and increased serotonin clearance, and the binding potential of sero-
tonin transport has been related to the underlying mechanism of the depression during
the climacteric or postmenopausal stage. Some findings have been proven on preclini-
cal studies. These studies on animals have recognized how estrogen treatment activates
intracellular signaling pathways as mitogen-activated protein (MAP)/extracellular sig-
nal-regulated kinase (ERK), tyrosine kinase brain-derived neurotrophic factor receptor
(TrKB), insulin-like growth factor-1 receptor (IGF-1R), phosphatidylinositol 3-kinase
(PI3)/serine/threonine-specific protein kinase (Akt), and metabotropic glutamate recep-
tor 1 (mGluR1) which interact with the serotonergic system to allow establishment of the
estradiol effects on mood regulation. Thus, the interaction between the woman’s repro-
ductive status and the serotonin changes could be useful to create prevention strategies,
early diagnosis, and medical treatment of climacteric and postmenopausal women with
depression, in order to improve their quality of life.

Keywords: depression, menopause, climacteric, 5-HT1A receptor, 5-HT2A receptor,
estradiol
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1. Introduction

Depression is one of the most common psychiatric disorders that affect approximately 4.84%
people around the world, and it is considered to be one of the principal causes of disability
worldwide [1]. According to the Global Burden of Disease study report in 2015 [2], the high-
est rates of disability-adjusted life years (DALYs) worldwide are established on women aged
15-49 years with 5.65%, followed by 50-69 years old women with 2.98% and 70 years old with
1.26%. DALYs represent the years of life that are adjusted by a certain level of disability expe-
rienced during a particular period of time, related to depressive disease. It supports studies
which demonstrate that most of the depression disorder comes out during the premenopause
and perimenopause stages.

During the beginning of menopausal stage or in the postmenopausal stage, women are more
susceptible to suffer depression disorder with more severe and longer symptoms [3, 4]; sever-
ity of depression has been related to the ovarian hormone oscillating levels in the premeno-
pause and very low levels in early postmenopause, specifically with estrogens [5].

The climacterium stage is a period of time that includes the perimenopause, premenopause,
and menopause (see Figure 1); in this stage the women estrogenic oscillating, produces a dys-
function on the serotonergic neurotransmission system which is related to the high prevalence
of depression in such stages compared with women in postmenopausal stage. However, this
relationship seems to be controversial because not all the studies reported an increased preva-
lence of depression in the climacteric stage, when women’s groups from different ethnic cul-
tures, ages, school grade, and civil status, among others, were evaluated. These divergences
on the clinical study results could be partially justified by different neurochemical changes
related to the effects of estradiol on serotonergic system and the influence of these changes on
the establishment of depression during the different stages of the climacteric period. For exam-
ple, on early premenopausal stage, there is a decrease on the 5-HT1A autoreceptors in raphe,
which is a brain structure responsible for the serotonin (5-HT) synthesis, and an increase on
the 5-HT1A postsynaptic receptors located on the hippocampus (both receptors enable the
antidepressant clinically effective, as the selective inhibitors of the serotonin, e.g., the fluox-
etine) related to the high hormonal concentration compared with postmenopausal women [6].

Climacterium
Fremenopause Perimenopause
STAGE REPRODUCTIVE TRANSITION TO THE MENOPAUSE POSTMENOPALUSE
Phase Early Peak Laie Early Late Mencpauas Eanly Labs
15 Til the
Duration | Vardable | Vadable | Varabie Varable | Variable 1« 3 yoars 1 year 1 yoar year wﬁlﬁn*

Figure 1. Classification of the reproductive phases of the woman. This classification is an abstract of the reproductive
stage of women with their approximate during. Ovaries function markers and hormonal levels can help to make a
correct classification. Modified from [57].
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Thus, this can be related with the different antidepressant responses along the climacteric and
postmenopausal stages.

The 5-HT2A receptors located on brain areas such as prefrontal cortex contribute on regu-
lating the release of the 5-HT to areas that modulate the amygdala reactivity, brain struc-
ture involved to the emotional regulation. Treatment with 173-estradiol for postmenopausal
women increases the 5-HT2A receptors in prefrontal cortex [7]. However, the possible asso-
ciation between the establishment of depression in different climacteric and postmenopausal
stages with the 5-HT2A receptor’s activity has not been explored. Nevertheless, the preclinical
data support the involvement of these receptors on the regulation of the depression disorder
[8, 9].

On the other hand, in healthy postmenopausal women, there is a relation between personal-
ity features such as extroversion, aggressiveness, and neuroticism with the serotonin trans-
porter (5-HTT). 5-HTT promotes polymorphism with “s” allele, which implies 5-HTT low
expression and an increase in the impulsivity. Likewise, this trait is related with monoamine
oxidase A (MAO-A) polymorphism that produces an increase of climacteric and depressive
symptoms [10, 11]. In contrast, women under 50 years old with the “I” allele 5-HTT pres-
ent a better antidepressant response and neural protection against the suicide attempt [12];
however, this response disappears when there is a low hormonal activity during menopausal
stage [13].

Therefore, the main objective of this work is to collect and review scientific data not only
clinical but also preclinical data that allow us to explain the knowledge about the impact
of hormonal change experienced during climacteric and postmenopausal stages and how it
affects serotonin neurotransmission that may contribute to the establishment of the depres-
sion disorder and the therapeutic response to antidepressant drugs.

2. Influence of hormones on the depression disorder establishment

Some researches point out a high vulnerability to suffer depression disorder on the women
reproductive stage, related to the hormonal changes, as a decrease on the estradiol levels
and an increase on the follicle-stimulating hormone (FSH) levels on the perimenopausal
[3, 14, 15] throughout different reproductive stages it is set basically two different aspects
about the hormonal influences, principally estradiol with the increasing risk to set out
depressive symptomatology. The first one establishes that low hormonal concentrations
on estradiol and progesterone during the earlier follicular stage of the menstrual cycle of
the earlier productive stage of a woman are related to premenstrual dysphoric syndrome
characterized among some other symptoms by depression and anxiety [16]. The second one
suggests that oscillations on the hormonal levels on early stages of the menopause transi-
tion are determinant to increase the risk of having some depressive incidences. The same
effect is observed on women who had been throughout menopause by surgical procedure,
thus, became on the decrease of the hormonal levels, and also there is a surgical post-period
where they show hormonal oscillations because the renal glands try to supply the hormonal
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lost, but it is important to mention that women who had been in a surgical procedure, such
as oophorectomy on early age, indicate an increased probability to depression disease with
severe and longer symptoms compared to women with a natural menopause [17].

There is a relationship at the establishment on depressive symptomatology with FSH or high
luteinizing hormone (LH) levels and low inhibin B levels; this is a glycoprotein hormone
secreted by teak and granulosa cells from the pre-antral and antral follicles that was respon-
sible for the inhibition of FSH production at the level of the pituitary gland and a huge vari-
ability on estradiol levels, which occur during the menopause transition that includes women
on the premenopause and perimenopause [2, 3]. Likewise, there is a FSH levels increasing
and an abrupt fall of the estrogen levels after 12 months of menopause considered as early
postmenopausal [18] pattern, which is independently from the sample analyzed on the late
premenopausal and postmenopausal stage. Those hormonal variations are related to a rise on
depression prevalence for 10 years before and 8 years after the last menstrual cycle and fall on
the late postmenopausal period [4]. The above suggests that alterations in the feedback of the
hypothalamic-pituitary-gonadal axis consequence of changes on the concentrations of ovar-
ian hormone through the climacteric and postmenopausal stages, carry out a fundamental
place on women’s emotional stability, through the regulation of brain plasticity and neuro-
chemical changes.

It has been established an association between a delay in appearance of menopause transition,
in a period of two more years than average with 2% of decrease on the risk of a depression
disease during the postmenopause, and also a reduction of the 50% to suffer depression dis-
ease on women who have menopause after 40 years old compared with early menopause on
women before that age. It is suggested that those findings could be attributed to longer expo-
sure to the endogenous estrogens that develop a neural protection and antidepressive effect
[19]. This effect seems to be associated with the cerebral changes that induce the hormonal
diminution according to the age of the woman.

The antidepressant effect on hormone replacement therapy (HRT) or estrogenic therapy on
menopausal women is controversial. The estrogen supply such as 17p-estradiol (100 pg/day) has
a lack of antidepressant effects on depressed women during the postmenopausal period on the
late stage; it is to say that, 17 years after the menopausal stage, they show a FSH (240 pg/ml) and
estradiol (<19.7 pg/ml) hormonal concentrations [20]. This lack of antidepressant effect is also
observed in postmenopausal women in the early phase, approximately 6 months to 3 years after
menopause, with hormonal concentrations of FSH > 35 pg/ml and estradiol <40 pg/ml, when 50
pg/day or 84 ug/day of estradiol was administered [7, 21]. The loss of estrogen efficacy against
depression in women with postmenopausal may be associated with the downregulation of a-
and {-estrogenic receptors at the brain level, caused by continued decrease of plasma estradiol
concentrations. In contrast, antidepressant effects have also been reported in postmenopausal
women with replacement treatments with bioidentical hormones (80% estriol/20% estradiol;
0.25 to 0.5 mg) and/or progesterone (20 to 60 mg), by transdermal injection in a volume of
1 ml/day for a period of 8 weeks. These women present an improvement in the depressive and
anxiety symptoms according to Hamilton scales, at 2 months of treatment and annually until
36 months. Treatment with bioidentical hormones improved the health and quality of life of
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women without reports of adverse side effects. However, these women cursed postmenopausal,
after an oophorectomy with a mean age of 52.3 + 9.6 years and the time that elapsed since the
surgery was not described, so it cannot be specified whether it was in the early or late stage of
postmenopause [22]. This suggests that the type of molecule used for hormone replacement
therapy and probably the age at which it is given could determine therapeutic success, a pos-
sibility that remains to be explored.

Changes in plasma levels of FSH on the establishment of depression in women with natural
menopause are also seen in women with oophorectomy [23]; since the ovaries are removed,
there is an abrupt cessation in the production of testosterone that is aromatized to estrogen
and estradiol, which results in a dysfunction in the hypothalamic-pituitary-gonadal axis
increasing FSH and LH levels, with the consequent decline of estradiol and progesterone
levels [24]. These changes in hormone levels undergoing surgery take from 2 to 3 months to
stabilize and are associated with a decrease in depressive symptoms [23]. Women undergo-
ing menopause induced by surgeries such as hysterectomy and/or oophorectomy increase
up to four times the probability to suffer postsurgery depression [25]. However, women who
have undergone some depressive episode prior to surgery report a decrease in postoperative
depressive symptomatology [25]. This may reflect a paradoxical effect. Some of the answers
might be in the interrelation between estrogen and the serotonergic system.

3. Serotonergic alterations during the climacteric and postmenopause
related with depression

A study by Stein et al. [6] detected an increase on 5-HT1A receptor levels in the hippocampus
and a decrease in the dorsal nucleus raphe of premenopausal women at early ages (24.1 +
2.6 years) compared to postmenopausal women (55.2 + 4.8 years). In this same study, they
identified higher concentrations of progesterone, estradiol, dehydroepiandrosterone sulfate
(DHEAS), and cortisol in premenopausal women compared to postmenopausal women. This
suggests that these hormones could be involved in the regulation of the expression of 5-HT1A
receptors in different brain areas in women who travel through the climacteric, intervening in
the establishment of depressive disorders of this stage, as well as in the different therapeutic
responses to antidepressant drugs, and probably contributing to the effect of drug resistance,
depending on the levels of receptors affected by oscillations on concentrations of hormones,
mainly produced by the ovaries.

Studies made with positron emission tomography with [carbonyl-C11] WAY-100635 show
that in the dorsal nucleus raphe, a structure highly involved in the regulation of serotonergic
neurotransmission and therefore with a high density of 5-HT1A receptors, there is 1.5 times
more 5-HT1A receptors in the luteal phase than in the follicular phase in healthy women,
whereas this proportion is not observed in women with premenstrual dysphoric disorder
[26], so a dysfunction like this could be a factor underlying to the establishment of depressive
symptoms. Although Drevets et al. [27] reported a reduction in 5-HT1A receptors in the raphe
(41.5%) and neocortical and limbic areas (25-33%) in depressed patients [27]. In this study the
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sex of the patients was not discriminated, and only from 4 to 7% of the patients were women
and do not described the age neither conditions of the reproductive phase, so these results
should be taken with reservation.

Moses-Kolko et al. [28] reported that in depressed women going through premenopause
and postmenopause, there is a 15% decrease in 5-HT1A receptors in the orbitofrontal cortex
compared to adult men with depression. The foregoing after performing an endocrine stan-
dardization to minimize the influence introduced by endogenous hormonal fluctuations and
reproductive stage. They also detected an increase in the potential binding to 5-HT1A recep-
tors in women, as age increases. They estimate that there is a 4.5% reduction per decade of
age in the number of 5-HT1A receptors in the raphe in women. The 5-HT1A receptors have
an age-dependent increase in neocortical regions in women, associated with decreased estro-
gen. In the same study, they identified that increase in 5-HT2A receptors is associated with
the establishment of disorders such as neurosis, depression, suicide, and eating disorders
[28], suggesting that age tends to reduce these receptors, since they are expressed in the neu-
ropil of pyramidal neurons located mainly in the neocortex which are related to the release
of glutamate and gamma-aminobutyric acid (GABA) regulating the postsynaptic excitatory
impulses that project to the hippocampus and spinal cord neurons [29]. So, it is hypothesized
that its reduction associated with age may be related to sleep disorder, cognition, and mood
disorders [30].

4. Serotonergic changes associated to antidepressants and hormone
replacement in the climacteric and postmenopause

The HRT in women undergoing climacteric, with 17(3-estradiol by means of transdermal
patches at a mean dose of 93 ug/day, causes an increase in plasma levels of estradiol from 14.7
pg/ml at baseline versus 176.5 pg/ml, after 10.2 weeks of treatment. This increase in estrogen
levels has been related to the establishment of antidepressant effects after HRT [7]. However,
several studies suggest that estrogens have the capability to produce a modulating effect on
the serotonergic system that contributes to the establishment of the antidepressant effect (see
Table 1).

In surgically postmenopausal women (58.4 age and 7.5 years after oophorectomy) and, there-
fore, with very low plasmatic concentrations of estradiol, the treatment with estradiol reduces
the potential binding of 5-HTT in brain structures, such as in the amygdala, in the frontal
cortex, and in various cortical regions. While the treatment with estradiol and testosterone
reduces it in the parahippocampal gyrus, insular cortex, caudate nucleus, and thalamus [31].
Hence, the hormonal treatment reduces the efficiency of 5-HTT and increases the availability
of 5-HT in the synaptic cleft on structures involved in the emotion modulation. This fact
could be associated to an improvement in depressive symptomatology of these women mea-
sured with Beck Depression Inventory test [31]. However, some studies indicate that estrogen
therapy in postmenopausal women does not produce antidepressant effects [21, 24], prob-
ably due to the downregulation of estrogenic receptors, associated with chronic decrease of
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Changes associated to condition without pharmacological treatment

Condition (average age) Serotonergic system Hormonal changes References
Premenopausal women 1 5HT1A receptor levels in the 1 Levels of progesterone, estradiol, [6]
(24.1 +£2.6 years) vs. hippocampus dehydroepiandrosterone sulfate
postmenopausal women | 5HTIA receptor levelsin the ~ (DHEAS), and cortisol
(55.2 £ 4.8 years) dorsal raphe
Premenopausal depressed | Postsynaptic 5-HT1A receptors Low estradiol concentrations [28]
women (<50 years) in neocortical regions and low 5HT1A receptor binding
Postmenopausal depressed Increasing age was associated potential
women (>50 years) with? postsynaptic 5-HT1A
receptor binding potential in
neocortical regions
Significant decline in SHT2A
receptor binding potential
relative to age (8% per decade)
Changes associated to condition and estrogen replacement therapy
Condition (average age) Serotonergic system changes Regimen of treatment and/or References
changes associated to treatment
Surgically postmenopausal | The binding potential of Positive correlation between [31]
women (58.4 + 4.7 years) 5-HTT in the amygdala, estradiol levels and the binding
Hysterectomy and bilateral parahippocampal gyrus, insular  potential of 5-HTT in putamen,
oophorectomy cortex, and frontal cortex and in  frontal cortex, and amygdala
various cortical regions Negative correlation between
testosterone levels and the binding
potential of 5-HTT in the anterior
cingulate cortex, hippocampus,
caudate nucleus and thalamus
Postmenopausal women 1 5-HT2A serotonergic receptors ~ Transdermal patch (17p3-estradiol,  [7]
(54.5 years, 44-68 age mainly in brain areas such as the ~ 0.075-0.15 mg; mean dose=0.084
range) right inferior prefrontal cortex, mg for a mean of 10.2 weeks
anterior cingulate cortex, and Negative correlation between
medial and inferior frontal gyrus estradiol levels and 5HT2A
receptors
Postmenopausal women No significant differences in Combination 17B-estradiol [56]
(55 +4.8) 5-HT1A binding potential values  valerate (Progynova® 21 mite;
2 mg/day, v.0.) and micronized
progesterone (Utrogestan®, 200
mg/day, v.o.) for 67 + 8 days
Increase in estradiol and
progesterone plasma levels
Female rats (2-3 months) | The time of 5-HT1A receptor 17B-Estradiol-3-benzoate (0.01 [37]
Five postovariectomy days desensitization of 7 days with mg/0.4 ml/kg, s.c.) plus fluoxetine
fluoxetine and 2 days with (10 mg/2 1/kg, s.c.)
estradiol + fluoxetine
Female rats (2 months) 1 5-HT level in raphe Estradiol benzoate (2.5 ug/kg/0.1 [40]

Two months of
postovariectomy

ml, s.c., day of ovariectomy; 5
ug/kg/0.1 ml, s.c., weekly; 20 ug/
kg/0.1 ml, s.c. day of the test) +
Progesterone (2 mg/kg/0.1 ml, s.c.,
48 hours before the test)
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Changes associated to condition and estrogen replacement therapy

Condition (average age) Serotonergic system changes Regimen of treatment and/or References
changes associated to treatment
Female rats (1-2 months) Slowing of the 5-HT clearances, ~ Acute administration of both [41]
2-3 weeks of as well as an inhibition of the 17pB-estradiol in the CA3 region
postovariectomy ability of fluvoxamine (SSRI of the hippocampus and systemic
antidepressant) to slow the administration of estradiol
clearance of 5-HT benzoate (25 pg/100 pl, s.c., 48
hours before progesterone) +
progesterone (500 ug/100 pl, s.c.,
24 hours before the test)
Female rats (2-3 months) Canceled the antidepressive-like  Estradiol benzoate (25 ug/100 pl, [42]
2-3 weeks postovariectomy effect of fluvoxamine (10 mg/kg)  s.c., 74-75 hours before the test
in forced swim test and 24 hours before progesterone)
+ progesterone (500 ug/100 l, s.c.,
24 or 74-75 hours before the test)
Female rats (4 months) Inhibits the 5-HTT Estradiol (20 pmol) in the CA3 [51]

Two weeks of
postovariectomy

region of the hippocampus but not
in 10 months in females, even at
<40 pmol doses

5-HTT, serotonin transporter; 5-HT, 5-hidroxytriptamine; 1, increase; |, decrease; SSRI, selective serotonin reuptake
inhibitors

Table 1. Clinical and preclinical studies of the relation between serotonergic system and hormones.

concentrations of estradiol in the postmenopausal stage. This hypothesis is based on the fact
that estrogenic antidepressant treatment on perimenopausal women produces therapeutic
effects [32], probably because they still have considerable concentrations of estradiol, com-
pared to postmenopausal women, which contribute that they do not present important neu-
rochemical changes on estrogen receptors. In support, depressed postmenopausal women
treated simultaneously with the combination of antidepressant serotonin-specific reuptake
inhibitor drugs, such as fluoxetine with estrogen, showed significantly greater improvement
of both mood and quality of life compared to fluoxetine monotherapy [33]. Pointing out that
estrogen by itself probably does not produce antidepressant effects, the reduction that exerts
on the potential binding of 5-HTT is enough to increase synaptic 5-HT concentration, a syn-
ergistic effect on serotonergic system of both estrogen and fluoxetine, which contributes to
the establishment of the antidepressant effect. Paradoxically, the combination with tibolone,
a synthetic steroid, does not produce synergistic antidepressant effects with fluoxetine [34].
The above suggests that substituents on steroid molecules could be a determinant in the
potential interrelation in therapeutic efficacy between steroids and the serotonergic system.

On the other hand, some studies observed an increase on hypersensibility of postsynaptic
5-HT2A receptors on the basis of neurobiological depression [35, 36]. The 5-HT2A receptor
is related to regulating the 5-HT release on the protection of neurons which are located on
the prefrontal cortex, thus, to help the regulation easier to the amygdala’s reaction and some
other behaviors related. The administration of 150 mg/day of clomipramine for 3 weeks, tri-
cyclic antidepressant, results a descend of 5-HT2A receptor’s occupation on neocortex area,
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calculated by positron emission tomography (PET) which coincide with depression scores
significantly improved, denoting the probability of the clomipramine’s interaction with those
receptors or may cause modified signal mechanism of these receptors [37].

There is a relationship with ovarian hormone and the 5-HT2A receptors. Kugaya et al. [7]
developed a study on postmenopausal women, classified by the concentrations of FSH >30
UI/L. Those women were treated with 17p-estradiol HRT for almost 3 months; by PET that
5-HT2A serotonin receptors increased principally on brain areas such as prefrontal cortex and
anterior cingulate cortex, related to increase of plasmatic estradiol density, this study did not
mark any changes related to the effects on the mood but could be the result related to the test
characteristics and the few subjects of study [7].

5. Preclinical studies of serotonergic changes associated with
hormones and ovariectomy

Studies made in rodents have also shown the interrelation between estrogen and serotonergic
system. Coadministration of estradiol with fluoxetine has been shown to contribute to 5-HT1A
receptor desensitization [38], which is associated with antidepressant effect in humans and
in rats evaluated in behavioral despair models [38]. In addition, this combination of estradiol
with fluoxetine inhibits 5-HTT and increases de novo brain serotonin synthesis by activating
tryptophan hydroxylase enzyme [39]. At the same time, it increases the number and sensitiv-
ity of the 5-HT1A receptors, mainly in the dorsal nucleus raphe of rats. This could be related
to the antidepressant effect produced by estradiol.

It has also been detected that acute administration of estradiol on ovariectomized rats
increased the turnover of serotonin, by increasing serotonin and its metabolite, 5-hydroxyin-
doleacetic acid (5-HIAA) in amygdale and striatum involved in the mood regulation. While
chronic for 16 days, estradiol and progesterone administration has been found to increase
serotonin mainly in the dorsal raphe of the ovariectomized rats [40].

Benmansour and collaborators’ research group [41] has explored the signaling mechanisms
involved in the interaction of estradiol and serotonergic systems in rats. Both acute adminis-
tration of 173-estradiol in the CA3 region of the hippocampus and systemic administration of
estradiol benzoate cause slowing of the 5-HT clearances, as well as an inhibition of the ability of
fluvoxamine to slow the clearance of 5-HT [41]. These effects are mediated by estrogen receptors
a and . The slowing of the 5-HT clearance was due to activation of [3-estrogen and/or GPR30.
Meanwhile, the blockade of fluvoxamine’s inhibitory effect on 5-HT clearance was mediated by
a-estrogen [42]. Both of them used different signaling mechanisms. The estradiol-induced slow-
ing of serotonin clearance by means of activation of receptors of (3-estrogen required MAPK/
ERK1/2 signaling pathways and involved interactions both with tyrosine kinase BDNF receptor
(TrKB) and insulin-like growth factor-1 receptor (IGF-1R). The effect of estradiol to preven-
tion of the ability of fluvoxamine to slow serotonin clearance, through receptors of a-estrogen,
required MAPK/ERK1/2 and PI3K/Akt signaling pathways as well as interactions with both
IGF-1R and mGluR1 [43]. All these ways are etiologically implied to depression.
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In this context, the ERK signaling cascade is activated by antidepressant clinically effec-
tive as fluoxetine [44] and the systemic blockade of the MAPK pathway in mice produced
depressive-like behavior in several animal models of experimental depression as well as
inhibits the antidepressant effect of desipramine and fluoxetine in the forced swim test, a
main model of depression [45]. On the other hand, the action of BDNF, which has been
implicated in the mechanism(s) of action of the antidepressant (see Ref. [46]), is mediated
through its high-affinity tyrosine kinase receptor B (TrkB), whose activation is required for
antidepressant-like effect [47].

The acute intraventricular administration of IGF-1 produced antidepressant-like effects
in mice evaluated in the tail suspension and forced swim tests [48], an effect detected
after 3 days of the administration with participation of 5-HT [49]. The antagonism of the
mGluR produced antidepressant-like effects in the forced swim test, probably through the
intracellular signaling pathways described above [50]. Therefore, there is evidence about
the interaction with the estrogens and the serotonergic system on the regulation on the
depression disorder not only removing them but also influencing them by the other neu-
rotransmitter systems and other kinds of receptors.

We have already mentioned the difference between the plasmatic estradiol levels during the
climacteric stage that is related to the establishment of the depression disease and the antide-
pressant responses. We have also mentioned that estradiol slows the clearance of 5-HT and at
the same time disables the same effect produced by fluvoxamine per se. In this sense during
the rat estrous cycle, it has been shown that both estrous and diestrus phases are character-
ized by low estradiol levels in comparison to the proestrous phase; the fluvoxamine increases
the clearance time of 5-HT, but not in the proestrous phase [41]. Rats with 2-3 postovariec-
tomy weeks, it is observed that fluvoxamine increases the clearance time of 5-HT, the same
effect caused by the estradiol benzoate treatment. However, the pretreatment with estradiol
benzoate blocks the fluvoxamine effect [41].

Additionally evaluated the estradiol effect on the 5-HTT functionality, through time a clear-
ance of the 5-HT, in different ages and postovariectomy time identifying that microinjection
of 20pmol of estradiol on CA3 region in the hippocampus to inhibit 5-HTT in young adult
rats (4 months age) after 2 weeks from the postovariectomy, but had not effect in middle-age
rats (10 months), even with the use of <40 pmol dosage. While fluvoxamine reduces the clear-
ance of 5-HT on rats about 10 months aged with 2 weeks, 4 and 8 months postovariectomy
the same way as the 4 months rats [51]. Additionally, they detected that 5 pg/day of estradiol
for 2 weeks subcutaneously via implantation of osmotic minipumps produces antidepressant
effects on forced swim test on 4-month aged rats but not in 10-month aged rats both with 2
weeks of postovariectomy. Nevertheless the dosage of estradiol for 10 pg/day produces an
antidepressant effect after 2 weeks of the postovariectomy procedure, but not at 4 months of
postovariectomy in 10-month aged rats. The same dosages produced the same antidepres-
sant effect on older rats (14 months of age) after 2 weeks of postovariectomy. The authors
conclude that the lack of an antidepressant effect in estradiol is due to the 4-month hormone
withdrawal and not to an age effect. Also in the same study, they reported that 2 weeks of
treatment with sertraline, an antidepressant selective serotonin reuptake inhibitors (SSRI), on
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rats from 4 to 10 months of age with 2 weeks, 4 months, and 8 months of postovariectomy
produce antidepressant effect in the forced swim test. In this study, it is concluded that the
age influences the potency of estradiol on the 5-HTT, but its effects were strongly reduced
if the period of postovariectomy is longer. On the other hand, the treatment with sertraline
inhibited the 5-HTT and produced antidepressant-like effects without affected either by age
or length of hormonal depletion [51].

In support to clinics finding about 5-HT2A receptors above mentioned some animal studies
it has been observed that the administration of 5-HT2A receptor antagonist, i.e., ketanserin
(0.1 mg/kg, i.p., 14 days) produces antidepressant effects in forced swim test and anxiolytic
effect in elevated plus-maze test both in the proestrous and estrous phases of estrous cycle,
characterized by high concentrations of progesterone and estradiol. In contrast, produces
anxiogenic effect in phases with reduce concentrations of estradiol [52]. It is suggested that
5-HT2A receptors play different roles on the modulation of anxiety and depression associ-
ated with the alterations of hormonal concentrations during the ovarian cycle. In contrast,
ketanserin administered in the same doses (0.1 mg/kg, i.p.) for 7 days in male rats produces
an antidepressant-like effect, and together with the antidepressant fluoxetine (5 mg/kg, i.p.,
7 days), it potentiates the antidepressant effect in forced swim test [53]. This suggests that
the effect of ketanserin on females goes beyond changes in hormonal concentrations, which
requires exploration.

Previous searches suggest that different hormonal levels, which vary through different repro-
ductive statuses on women, may cause some changes on serotonergic system. For example,
density and potential binding of the 5-HT1A and 5-HT2A receptors, as well as the potential
binding of the 5-HTT in different brain structures linked to the mood changes, may contribute
to the depression establishment. Those disruptions on the serotonergic system may influence
or modify negatively the success of therapeutic response treated with antidepressant drugs or
HRT; there is one possibility that must be explored.

5.1. Pharmacological response prediction: 5-HT1A and 5-HT2A receptors

Pharmacological compounds that take action on 5-HT1A receptors such as SSRI are clini-
cally effective antidepressants but require a period of 3-6 weeks of treatment to establish
the therapeutic effects [54]. Additionally, 50 to 70% depressed patients respond to the first
pharmacological treatment, and less than 40% get a total remission [54]. Combination of
SSRI with 5-HT2A receptor antagonist makes the latency period shorter for the establish-
ment of antidepressant effect [55]. This fact suggests that the stimulation of 5-HT1A recep-
tors by SSRI and the inactivity of 5-HT2A receptors, which are part of the serotonin release
on limbic areas, produce synergism effect. Therefore, the alteration in the expression of
receptors in different brain areas, associated with variations of hormones such as estra-
diol, mainly in the stages of the climacteric, can influence the pharmacological response to
antidepressants.

There are controversial data related to regulatory mechanism, which are exerted to antide-
pressant treatments on the 5-HT1A and 5-HT2A receptor density. A study developed by
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Kranz et al. [56] did not detect differences on the 5-HT1A receptor density on structures such
as the hippocampus, the frontal cortex, and the raphe on postmenopausal woman [56]. After
the administration of HRT with 17B-valerate ester alone or combined with progesterone, no
matter the fact exist, a significant increase of estradiol and progesterone, an effect that has been
identified on postmenopausal women [28]. This suggests that plasma concentrations of estra-
diol that are still elevated in premenopausal women compared to postmenopausal women
seem to determine the 5-HT 1A receptor expression on the estrogenic treatment response.

6. Final comments and conclusion

Variations in the levels of ovarian hormones that occur throughout the stages of climacteric
and postmenopause severely impact women’s mood. The depression is found mainly in
the stages with continuous hormonal oscillations like perimenopause and premenopause.
However, the relationship between hormonal and serotonergic systems in the climacteric
and postmenopausal stages needs to be explored. The neurochemical and neurophysiologi-
cal modification consequence of the oscillating hormonal levels leads to alterations in the
cerebral neurotransmission functioning, mainly on the serotonergic system of the 5-HTT,
5-HT turnover, and 5-HT1A/5-HT2A receptors. This affects the pharmacological response to
antidepressant treatments, both with estrogen therapy and with SSRI or tricyclic drugs in the
different climacteric and postmenopausal stages.

The limitation on the studies have contributed to the establishment of these hypothesis
emerged by the reduced length of women included in the studies and the wide range
of ages which is used, because these incorporate women who are in different stages and
different reproductive status and also women going through induced oophorectomy post-
menopausal on early ages. Also, the lack of quantification of the hormonal levels, princi-
pally estradiol, FSH, and the ovarian function markers such as inhibin B, antral follicle
count, anti-Miillerian hormone, and the estradiol levels. There is a direct relationship
between advanced age and elevated serum basal levels which is associated with poor ovar-
ian response. However, additional studies are needed to support these findings because
it should let us categorize effectively those women on their reproductive stage. Thus, it
allows us to establish a correct reciprocity between the serotonin changes and evaluated
stages.

In addition, some limits in the imaging studies (e.g., PET), which are difficult to correct
analysis on small brain structures or markers used, are not always selective to serotonin
receptors, principally 5-HT2A receptors. It is also necessary to extend the researches related
to serotonin changes on women with some depressant disorder, as major depression on all
the reproductive stages, because some recent studies are only used to evaluate the symp-
tomatology improvement on menopause, as somatic, urogenital, or physiologic symptom-
atology. On the last one, the symptomatology causes low motivation but without depression
diagnosis, which limits the exploration of the neurochemical alterations that underlay to the
depressive disorder on many different reproductive stages.

There are two areas that have been explored yet; the first one is nonsymptomatic women, thus,
probably related to the hormonal levels through the reproductive stages and the correlation with
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brain serotonergic function, and also women through oophorectomies on early ages or ovarian
failure (both under 40 years old). Women through an abrupt fall on ovarian hormone and some
studies point out a high prevalence of depressive disorder longer and severe. Data may contrib-
ute to possible genetic factors, biological, psychosocial, and environmental, which are related to
the establishment of the depressive disorder on different climacteric and postmenopausal stages.

In conclusion, depression associated to climacteric and postmenopausal stages involves
changes in the serotonergic system, which includes an increase in the 5-HT clearance, turnover
of 5-HT, and affinity of 5-HTT, as well as increased expression of 5-HT1A and 5-HT2A recep-
tors in different brain regions (i.e., prefrontal cortex and hippocampus). All these changes
seem to be a result of the oscillations in the ovarian hormone concentration characteristics of
the climacteric and postmenopausal stages.
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Abstract

Menopause transition is recognized as a vulnerable period in women life to develop or
aggravate symptoms of psychiatric disorders. Several treatments including antidepressants
and hormonal restitution with estrogens have been suggested to ameliorate the symptoms.
Also, in this period of life is frequent the use of other drugs to treat is also frequent the use
of other drugs to treat comorbid pathologies that might even increase the risk of drug-drug
interactions. Literature reports that some phytochemicals with estrogenic activity have ben-
eficial effects during menopausal transition without collateral events. This chapter shows
evidence about the use of phytoestrogens as an alternative therapy for the treatment of
some psychiatric symptoms associated with the menopausal transition. Data derived from
preclinical research related to the use of classical phytoestrogens (isoflavones), considering
the beneficial effects, as well as adverse events, are discussed. Also, the use of polyphenols
and organosulfurate compounds as an alternative for the treatment of anxiety- and depres-
sive-like behavior as well as fibromyalgia is included. A narrative review was conducted
using bibliography reporting the use of isoflavones (genistein, daidzein, equol), coumes-
tans or lignans for the reduction of depressive-like or anxiety-like behavior. Furthermore, it
is described if the use of this compounds impact in other signs of menopause, i.e. vasomotor
and osteoporosis. In addition, due to the high frequency of comorbid pathologies as dia-
betes mellitus, dyslipidemia or metabolic syndrome with psychiatric disorders, the use of
these phytochemicals is discussed.

Keywords: menopause, polyphenols, glycosinolates, phytoestrogens
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1. Introduction

With the increase of life expectancy, women potentially spend the last third of their lives in
post-menopause. Most of the menopausal women suffer from a variety of symptoms such as
hot flashes, night sweats, mood swings, insomnia, vaginal dryness and osteoporosis [1, 2]. Also,
the menopause transition could be a vulnerable period to develop some diseases related to
mental disorders (i.e., anxiety and depression) and chronic non-degenerative pathologies (met-
abolic diseases) in addition to menopausal symptoms [3, 4]. This situation implies that women
that transit in this period of life could be vulnerable to develop co-morbidities leading to a com-
plex medical management due to the elevated cost and possible pharmacological interactions.

Hormone replacement therapy is considered the first line of treatment for menopause symp-
toms, mainly vasomotor and night sweats. However, many women refuse it because of their
association with increased risk of breast cancer and are considering botanical products or
dietary supplements as therapy because they are regarded as safer products [1, 2, 5]. For
example, black cohosh is widely employed for hot flashes and mood disorders; others are
compounds with estrogenic activity (phytoestrogens) as soy food products, red clover, kudzu,
hops, licorice, rhubarb, yam and chasteberry [1].

The use of functional food and nutraceuticals became common to treat menopause symptoms
[2]. The term “nutraceutical” combines two words— “nutrient” (a nourishing food component)
and “pharmaceutical” (a medical drug). It is defined as “any substance that may be consid-
ered a food or part of it that provides medical or health benefits, including the prevention and
treatment of diseases.” These products include isolated nutrients, dietary supplements and
diets genetically engineered “designed” foods, botanical products and processed foods such
as cereals, foods and beverages [6]. A nutraceutical is demonstrated to have a physiological
benefit or provide protection against chronic disease [6]. On the other hand, functional food
according to American Dietetic Association, “functional” implies that the food possesses some
identified value leading to health benefits, including reducing the risk of adverse effects for a
person consuming it [7].

Nutraceuticals and functional food are classified in several manners taken into account their
content of specific food, properties (anti-cancer, positive influence on blood lipid profile, anti-
inflammatory, osteogenic or bone protective) or chemical structure [6]. Both nutraceuticals
and functional food contain active compounds called phytochemicals that confer their prop-
erties. Phytochemicals are products of the secondary metabolism of a plant which are bio-
logically active in humans and other animal species playing a greater beneficial role in health
more than only nutritional properties. These products are part of the defense system and
plants’ protection [8], and in humans, they have activity in several systems such as the diges-
tive, immune, cardiovascular, endocrine and central nervous system [6, 8], among others.
Also, phytochemicals confer organoleptic properties to vegetables and fruits [8].

Phytochemicals are classified into four groups according to their impact on health [9, 10]:

1. Terpenoids (i.e., carotenoids and phytosterols)

2. Phenols (i.e., flavonoids, phenolic acids, tannins, stilbens and curcuminoids)
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3. Organosulfurate compounds (i.e., glycosinolates and isothiocyanates)

4. Nitrogen compounds (i.e., alkaloids, betalainas, indol-glycosinolates)

The distribution of phytochemicals” sources could be at the same time diffuse and copious as
well as specific depending on the product, for example, carotenoids are frequently found in sev-
eral products (carrots, tomato, orange, mango, pumpkin, guava), whereeas glycosinolates are
found only in cruciferous (broccoli, brussel sprout, cabbage, horseradish, rutabaga) [8]. The con-
centration of the phytochemical could vary depending on the morphological factors: skin, seed,
pulp, peel, leaves, also on agronomic factors: weather, agricultural soil, technical procedure,
physiological stress; and postharvest: maturity, processing and storage, among the others [8].

2. Phytochemicals: polyphenols

Polyphenols can be found in a large variety of food mainly of vegetable origin. They constitute
the major group of natural compounds known (around 8000 identified) in the plant kingdom
[11]. These compounds result of the secondary metabolism of carbon by the acetate-malonate
and shikimate pathways. They are characterized by the presence of phenolic structures with a
potent antioxidant activity that confers protection to plants against oxidative stress, ultravio-
let radiation and other harmful factors of the environment such as pollutants and pathogens
[12]. There are a wide variety of polyphenols but, in general, they have been classified into
two groups according to their chemicals properties: flavonoids and non-flavonoids (Figure 1).
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Figure 1. The scheme illustrates the main polyphenols and their division. Phytoestrogens are products of the metabolism
of polyphenols: isoflavones and coumenstans are flavonoids, whereas lignans and stilbens are non-flavonoids.
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The flavonoid group includes compounds whose structure contains the flavan nucleus
(diphenyl propane; C:15: C3, C6, C3), such as anthocyanidins, proanthocyanidins, catechins,
flavones, flavonols, flavanones, isoflavones and coumestans (Figure 1). The non-flavonoids
group includes phenolic acids, phenolic amides and other polyphenols, such as tannins, lig-
nans and stilbene compounds (Figure 1). Polyphenols, flavonoids and nonflavonoids have
biological importance and are considered as nutraceuticals, not only for their antioxidant
effect but also for their beneficial effects on health such as cardiovascular, diabetes and neuro-
degenerative protection, cancer prevention and anti-infection effect [11].

Recently, it has been determined that some polyphenols, especially isoflavones, flavonols,
anthocyanidins, lignans, stilbenes and coumestans, have estrogenic activities, for which they
have been denominated as phytoestrogens.

3. Phytoestrogens

Phytoestrogens are non-steroidal compounds that have a unique similarity in molecular
weight and the arrangement of aromatic rings with hydroxyl groups to the cyclopentanoper-
hydrophenanthrene of 17B-estradiol (the most important endogenous estrogen; Figure 2).

OH
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gﬁ |
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Figure 2. Phytoestrogens. The figure illustrates comparatively the chemical structure of 17B-estradiol and some
phytoestrogens. Phytoestrogens are non-steroidal compounds that have a unique similarity in molecular weight and
the arrangement of aromatic rings with hydroxyl groups to the cyclopentanoperhydrophenanthrene of 173-estradiol.
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The types of phytoestrogens are isoflavones, lignans, coumestans, ellagitannins and stilbens
[13-15]. Figure 3 shows the main sources of phytoestrogens and the phytochemicals with estro-
genic properties. The primary sources of lignans are flaxseed, whole grain cereal and some
beverages, such as coffee, tea and wine [15]. For isoflavones are legumens such as soybeans and
peanuts, chickpeas and kudzu, lupine, fava, alfalfa, peanuts and chickpeas [15]. In the case of
clover alfalfa and soybean sprouts, these are sources of coumestans [13]. Ellagitannins are abun-
dant in fruits, nuts and seeds such as pomegranate, black raspberries, strawberries, walnuts and
almonds [16]. The main source of stilbens such as revestratrol is the red wine and peanuts [15].

It is important to note that the beneficial actions of phytoestrogens are mostly given by the
estrogenic/anti-estrogenic effect dependent on the resultant concentration of the metabolism
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Figure 3. Phytoestrogens and their main food or beverage source. Ellagitannins, lignans and isoflavones require of
microbiota biotransformation to release an active compound (urolithins A and B, enteronolactone or Equol, respectively)
that produces their estrogen-like effects on different tissues. In contrast, stilbens and coumestans production appears to
be independent of microbiota.
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of phytoestrogens. It is known that phytoestrogens are mostly as glycosides and that only
the aglycone fraction is bio-available to produce biological effects [17]. Some phytoestrogens,
such as isoflavones, ellagitannins and lignans, require the action of gut bacterial enzymes
to produce equol, urolithins and enterolignans, respectively [16, 18, 19]. These subprod-
ucts have more bioavailability and have more estrogenic/anti-estrogenic and anti-oxidant,
anti-inflammatory and anti-proliferative activity than their precursors [20]. Furthermore, it
is proposed that the biotransformation of isoflavones, ellagitannins and lignans by intesti-
nal microbiota is essential in protection against menopausal symptoms. Also against certain
chronic diseases, such as cancer, cardiovascular disease and osteoporosis [15], suggesting
that the main discrepancies between a successful treatment versus lack of effect could be
explained by the low bioavailability of phytoestrogens [21].

In this line, several reports indicate that coumestans —coumestrol and methoxycoumestrol —
show estrogenic activity; the most active compound of isoflavones is daidzein intestinal-
derived metabolite equol. However, other products such as genistein, daidzein, glycitein
and their respective 3-glycosides of genistein and daidzein possess estrogenic activity [13].
Ellagitannins are metabolized to urolithin A and B which showed estrogenic activity [15, 22].
Also, lignans are metabolized in the gut to produce the most estrogenic enterolignans, entero-
diol and enterolactone [18].

On the other hand, the chemical similarity between 17(3-estradiol and phytoestrogens confers
the capability to interact with estrogen receptors (ERs). They produce effects through genomic
actions with ERs alpha and beta (a, ) or non-genomic actions via membrane G-protein recep-
tors (GPER) such as GPR30 and mERa and mERf [23]. These receptors differ in tissue dis-
tribution, ligand selectivity and transcriptional processes and, therefore, also differ in their
physiological effects on its activation [24-26]. These interactions between phytoestrogens and
ERs results on estrogenic and/or anti-estrogenic effects, so that phytoestrogens are considered
as selective estrogen receptor modulators (SERMs) [27-29].

Several in vitro assays suggest that phytoestrogens, especially isoflavones, have a signifi-
cant preference for ER rather than for ERa (8- to 40-fold) [30-33]. Some authors explain this
preference through steric interaction and through the difference in the attractive potential
of hydrogen bonds between the ERs and phytoestrogens, which is higher in ERpP [34]. It is
thought, that in some way the beneficial actions of the estrogenic compounds are related to
the ERf, in part because the activation of ER{ has been associated with the anti-proliferative
actions of phytoestrogens [35-37].

GPER activation by phytoestrogens has been relatedto cardiovascular, liver enzymatic and
neuroprotective actions [35, 38—40]. Some research groups have proposed that the GPR30 also
take part in the endocrine disrupting action of phytoestrogens [41]. Phytoestrogens also show
high potency in non-genomic responses. Therefore, it is proposed that their binding affinities
could be higher for mERs [42] albeit the involvement of these receptors in the phytoestrogens
actions is less explored.

As it can be seen phytoestrogens also possess a complex mechanism of actions to exert their prop-
erties, for example, the rapid neuroprotective activity of resveratrol against cerebral ischemia
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is mediated by ERa and ER(, and it is blocked by the estrogen receptor antagonist ICI 182
780 [36]. In contrast, Daidzein protects from excitotoxicity induced by glutamate via ER and
GPR30 [35].

4. Alternative to the hormone replacement therapy on menopause

4.1. Clinical studies

During menopause, symptoms such as body weight changes, vaginal dryness, hot flushes,
sweating, sleep disturbances and loss of bone density may occur, also cognitive distur-
bance, mood changes and depression episodes that lead women to a poor quality of life [43].
Symptoms could vary in intensity and in some women, they could be debilitating, particu-
larly for those women who have a previous experience of depression and anxiety in addition
to vasomotor, insomnia, weight gain and stressful life events [44].

Hormone replacement therapy (HRT) is the first line of treatment followed by the treatment
with selective serotonergic reuptake inhibitors antidepressants [2, 45]. Despite their benefits
and efficacy for reducing most of the discomforts of menopausal women, the long-term use of
HRT has been extremely controversial because of the adverse events associated. These include
an increase in the risk of stroke and venous thromboembolism, an increase in endometrial,
ovarian and breast cancer, in addition to the regular side effects of HRT such as headaches,
weight changes, nausea and pruritus, among others. On the other hand, it has been reported
that the adverse effects depend on several factors. Randomized trials have shown that the risk
of presenting adverse effects is mainly given in women older than 60 years old, women dur-
ing postmenopausal and after 5 years of the continued usage of the HRT.

Other therapies including non-pharmacological interventions have been recommended such
as psychotherapy to address the psychological symptoms, acupuncture, physical exercise,
nutritional interventions, botanical products and folk medicine, among others [44, 46].

Nevertheless, it is increasingly common for women to prefer an alternative therapy based on
the intake of therapeutic compounds of natural origin instead. The alternative therapy can be
based either on the consumption of food that may provide health benefits beyond nutrition
(functional food) or on the administration of compounds isolated from food (nutraceuticals)
with the same purpose. In this sense, phytochemicals as phytoestrogens have received much
attention because of their particular health benefits which have allowed the emergence of an
alternative to HRT.

Most of the therapies used to treat menopausal symptoms have been focusedon alleviating
vasomotor and night sweat complaints. One of the most popular therapies is based in the use
of black cohosh [33], Valerian and St John's wort [33, 46] due to the lack of estrogenic effects.

Briefly, black cohosh (Cimicifuga racemosa L. Synonym Actearacemosa L.) has been used for
centuries by native Americans for a variety of women’s health issues [33]. It is agreed that
black cohosh is not estrogenic and its mechanism of action may involve modulation of the
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serotonergic system in a similar manner than antidepressants [1]. This botanical product has
been tested in several trials given contradictory results. Indeed, the main effects appear to be
related to vasomotor and emotional symptoms [33, 47]. For example, in a multicenter ran-
domized, double-blind, placebo-controlled, parallel group trial, the effect of several doses
of black cohosh was tested taking into consideration as a primary outcome the difference in
menopausal symptoms (vasomotor, psychological and somatic), assessed by the Kupperman
Menopausal Index between baseline and week 12. Secondary efficacy variables were patients’
self-assessments of General Quality of Life (QoL), responder rates and safety. Compared to
placebo, patients receiving black cohosh showed a significant reduction in the severity of
vasomotor and psychological symptoms and improved general QoL in a dose-dependent
manner from baseline to endpoint [47]. In contrast, recent clinical trials have reported adverse
effects of black cohosh with no significant difference from placebo for relief of hot flashes or
improving QoL in Thai women [48].

The phytoestrogens mostly used with documented effects are isoflavones. These compounds
obtained from different sources have been used primarily to alleviate vasomotor symptoms,
but the results appear not to be consistent on mood complaints. For example, in a metaanalysis
(43 randomised controlled trials with 4364 participants) that evaluate the effect of isoflavones
from soy and red clover in the treatment of hot flushes and insomnia associated with meno-
pause, no significant difference overall was reported in the incidence of hot flushes between
participants taking Promensil (a red clover extract that contains isoflavone biochanin A and
formononetin) and those given placebo. In this review, four trials suggested that extracts with
high levels (>30 mg/d) of genistein consistently reduced the frequency of hot flushes. Some of
these trials found that phytoestrogen treatments alleviated the frequency and severity of hot
flushes and night sweats when compared with placebo, but many trials were small and were
determined to be at high risk of bias. A strong placebo effect was noted in most trials, with a
reduction in frequency ranging from 1 to 59% with placebo. Discrepant results could be related
to the amount of isoflavone in the active treatment arm, the severity of vasomotor symptoms
or trial quality factors [49].

Other studies tested the effect of red clover and also found controversial results. For example,
a trial of 72 women randomly divided between placebo and 40 mg dried red clover daily for 12
weeks showed a significant reduction in menopausal symptoms as measured by the Menopause
Rating Scale [50]. In contrast, other clinical trials have not shown a significant difference from
placebo, particularly for hot flashes relief [5]. Interestingly, red clover has proestrogens, bio-
channin A and formonetin, which are metabolized by CYP 450 in the gut and liver in genistein
and daidzein [51], suggesting more bioavailability compared with soy products. This could be a
reason why the use of red clover appears to be more effective than soy in the clinical trials [52].

Kudzu (Pueraria lobata Willd.) Ohwi (Fabaceae) is a traditional Chinese medicine for the treat-
ment of the symptoms of menopause [1]; the major isoflavone in kudzu is puerarin, which is
metabolized to daidzein by gut microbiota. Clinical trials with kudzu reported no significant
changes in the menopausal complaints compared with control group [53].

Other compounds with estrogenic activity that differ from isoflavones have been tested, for
example Hop (Humulus lupulus L.) (Cannabaceae). Hop extracts are in some dietary supplements
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used for managing menopausal symptoms [54]. The most potent phytoestrogen in hops is the
ERa-selective agonist 8-prenylnaringenin (8-PN), which is 100-fold more potent than the ERpB-
selective isoflavones genistein and daidzein [33]. Clinical trials suggest positive results of 8-PN
in reducing the symptoms of menopause [54] however due to their high affinity to ERq; it is
important to evaluate the safety on the endometrium and other hormone-sensitive tissues [33].

Rhubard (Rheum rhaponticum L.) (Polygonaceae). Rhubard is a plant used for menopausal
symptoms relief in Germany [54]. The extract from roots of rhubard mainly consists of rha-
ponticin and desoxyrhaponticin, which are converted to the resveratrol-like aglycones rha-
pontigenin and desoxyrhapontigenin by the microbiome. Rhapontigenin is more active than
desoxyrhapontigenin, and it is suggested that P, -catalyzed O-demethylation giving the res-
veratrol-catechol piceatannol might be responsible for its estrogenic activity [14, 55]. Clinical
trials show that the rhubarb extract was effective and successfully decreased the Menopause
Rating Scale and increased QoL [56-58].

Flaxseed (Linum usitatissimum L.) (Linaceae). Flaxseed is a primary source of lignans that are
metabolized by the microbiota into the phytoestrogens, enterolactone and enterodiol [18]. In
a randomized placebo-controlled clinical trial (90 women, 1 g/day flaxseed extract), modest
but significant effects were observed in self-reporting relief of menopausal symptoms [59].
Nevertheless, a meta-analysis that included randomized clinical trials examining the efficacy
of flaxseed for menopausal symptoms, concluded that there is little evidence to support the
use of this dietary supplement for menopause or bone health [60].

Another product most employed in South America is maca (Lepidium meyenii Walp.)
(Brassicaceae), it is used for hormonal balance, especially for menopausal symptoms [54].
Albeit the active phytoestrogen has not been detected, the extract of maca showed estrogenic
effect increasing proliferation in MCF-7 cells. A systematic review of clinical trials concluded
that evidence of the effectiveness of maca for the relief of menopausal symptoms was limited.
However, because of the sample size, the number of trials and the quality of the trials, it is not
pertinent to establish definite conclusions about the efficacy and safety [61].

Recently, in a placebo-controlled trial, the efficacy of resveratrol and equol supplementation
was tested on menopausal women aged 50-55 years who received 200 mg of fermented soy
containing 10 mg of equol and 25 mg of resveratrol (1 tablet/day) during 12 weeks. The pri-
mary outcome was the change in score on the Menopause Rating Scale, used to evaluate the
severity of age-/menopause-related complaints. Additional outcomes included the Hamilton
Rating Scale for Depression (HAM-D) and Nottingham Health Profile (NHP), which were
used specifically to assess sleep quality. Treatment was effective to reduce Menopause Rating
Scale and HAM-D scores, importantly on work and activity items and with a slight effect on
anxiety-related items [62].

According to the results of meta-analyses, there is no enough clinical evidence that supports
the use of phytoestrogens as HRT to alleviate all symptoms of menopause. Albeit an improve-
ment in the quality of life is reported. An important issue to consider is the use of standardized
phytoestrogens and ethnicity of the women included in the studies since these factors could
be crucial to obtain a positive result for those phytoestrogens that require specific microbiota
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biotransformation. Promising results are derived from isoflavones and their precursor
because of non-adverse effects reported. However, in all cases, more controlled-clinical trials
using large samples with women of different ethnicities are required.

4.2, Preclinical studies

In contrast to the clinical studies where the phytoestrogens were evaluated mainly to prevent
or alleviate the vasomotor symptoms, in preclinical data, studies were focused on the evalu-
ation of anxious and depressive-like behaviors. Some of the phytoestrogens are considered
selective estrogens receptors modulators and are derived from the metabolism of isoflavones.
Importantly, most of them showed an affinity for ER{, characteristic that may explain their
effect partially as an antidepressant [63]. However, others showed an affinity for ERat or mem-
brane receptors, making the study of their mechanism of action complex.

Early studies evaluated the effect of dietary phytoestrogens as anxiolytic-like agents [64]. The
authors tested the effect of phytoestrogens in the offspring of mothers fed with a dietary soy
derived phytoestrogens (600 ug/g) and found a reduction in the anxiety behavior in those ani-
mals that were maintained with soy diet when adulthood. Rodents fed with soy also showed
less body weight [64]. Unfortunately, in this paper, the authors did not indicate the phytoes-
trogens bounded with the behavioral effect but reported high levels of equol in plasma, the
more active metabolite of isoflavones found in the soy [14].

After that, several doses of a diet rich in phytoestrogens (200 or 600 ppm of phytoestrogens in
diet) and equol injections (5 mg/kg) were evaluated in the forced swimming test in rats under
different endocrine conditions: intact, ovariectomized and aged rats with natural ovarian fail-
ure [65]. Interestingly, the latter group resembles an animal model of “natural menopause”
because rats are acyclic, and it is the only report, as far as we know, that evaluate the effect of
the isoflavones under this condition. Authors showed that soy diet rich in phytoestrogens and
equol produced antidepressant-like effects at the same time that induces a reduction of body
weight and white adipose tissue in all endocrine conditions. After the soy-rich diet, high plas-
matic levels of genistein, daidzein and equol were detected in those animals that received the
highest dose [65]. Unfortunately, the authors did not evaluate anxiety-like behaviors.

In contrast, no effect or anxiogenic effect was reported after a rich isoflavone diet administra-
tion [66, 67]. It is important to mention that these data were generated in male rats instead
of female rats where more information is needed. Briefly, when a soy-rich diet containing
150 ug/g total isoflavones (daidzein and genistein) was dispensed to young male Lister rats,
an anxiogenic effect was reported in the elevated plus-maze and social interaction test. Diet
neither affected water intake nor the weight of rats but enhanced the corticosterone and
vasopressin stress-response [66], suggesting an increase in sensitivity to stress. The authors
explained the apparent discrepancy between results, i.e. Lund and Lephard [64] versus
Hartley et al. [66] considering timing and dose used (150 pg/g versus 600 pg/g). Other dif-
ference that could be noted is the strain of rats, Long-Evans [64] versus Lister rats [66] and
the sex of the rats. The latter is an important issue since Harley et al. [66] used intact male
rats, and Lund and Lephard [64] used intact male and female rats finding positive results in
anxiety in females but impaired the anxious-like state in males. Further, Patisaul et al. [67]
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showed that the administration of a soy-rich (600 pg/g) diet to gonadally intact male rats
produced anxiogenic effects. Furthermore, authors tested high (20 mg/kg) and low (3 mg/
kg) doses of equol and resveratrol (3 and 20 mg/kg) in two animal models of anxiety in intact
male rats. The authors reported that these compounds did not produce any effect after 3 days
of treatment and discussed the possibility that the endocrine condition that prevails in males
could be a factor to explain the lack of effect [67].

Following this idea, recently it was hypothesized that the role of isoflavones in the regulation
of anxiety and depressive-like behavior depends on the endocrine status [68]. To test this
hypothesis, the authors evaluated the anxiolytic- and antidepressant-like effect of isoflavone-
rich diet (199.4 pg/g) in ovariectomized rats exposed, or not exposed, to estradiol replacement.
Data showed that anxiolytic and antidepressant-like effects depend on the endocrine state
that prevails during the treatment with isoflavones. In this case, an isoflavone diet combined
with estradiol restitution promotes anxiety; in contrast, the same combination promoted an
antidepressant-like effect [68]. Unfortunately, authors did not show evidence about the phy-
toestrogens that could be responsible for the observed effect.

The isoflavone genistein has been evaluated as an antidepressant and anxiolytic compound.
This phytoestrogen also showed more affinity for ERp than ERa [69], and recent reports also
suggested that it binds to ERm. Rodriguez-Landa et al. [70]) assayed several doses of this com-
pound (0.25, 0.5 and 1.0 mg/kg, i.p.) after 4 days of administration in Wistar rats with 12-weeks
after the elimination of ovaries. This model resembled a long-term period of menopause and was
used to evaluate if genistein was able to induce anxiolytic-like effects as hormone replacement
therapy after a long-term ovariectomy. In this study, authors showed that genistein was effective
in reducing anxiety-like behavior in the black and white model after a long-term postovariec-
tomy. Interestingly, it has been reported that E, is ineffective to produce behavioral effects after
a long-term ovaries removal [71-73]. Therefore, the results obtained with genistein open the
opportunity to use this compound as a restitution therapy. Furthermore, clinical and preclinical
studies reported that genistein lacks stimulatory effects in breast and uterus [33]. Genistein also
showed antidepressant-like effects in rats subjected to the forced swimming test. In this case,
genistein (10 mg/kg) was administered during 14 days to ovariectomized rats and reduction of
immobility behavior was observed. Data also indicated that genistein increased dopamine and
restored the serotonin levels in the hippocampus at a dose of 10 mg/kg [74]. Interestingly, the
effect of this compound was also tested after a subacute administration (i.e., three injections in
24 hours) and no effect was observed. This result suggested a genomic mechanism of action [74].

Another compound with estrogenic properties that has been tested is coumestrol (7,12-dihy-
drocoumenstan), which is considered a SERM that shows an affinity for the ERP [69]. This
compound was assayed in the forced swimming test and several models of anxiety after
systemic (10 pg/kg) and intracerebral administrations (2 pg/ul/slide) to ovariectomized rats.
A reduction of depressive-like and anxiety-like behavior was reported after both routes of
administration [63]. As it can be noted, coumestrol is effective as an anxiolytic or antidepres-
sant compound in ovariectomized rats; however, it is necessary to evaluate its effect in young
intact and acyclic female rats to establish whether the effect of this compound remains even
in the presence of ovarian secretion.
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Also, secoisolariciresinol (SECO) is a lignan type phytoestrogen mainly found in flaxseed that
can be metabolized to enterodiol and enterolactone. This compound was administered (5, 10
and 20 mg/kg, intragastric) during 14 days to ovariectomized mice and tested in two animal
models for the screening of antidepressant drugs, the tail suspension test and the forced swim-
ming test. The authors reported an antidepressant-like effect of SECO in both behavioral tests.
Furthermore, this compound restored noradrenaline brain levels and increased dopamine and
serotonin concentrations without promoting a stimulatory effect on the uterus [75]. An impor-
tant difference in comparison to other protocols presented here is that SECO was administered
immediately after the ovariectomy. Therefore, the restitution started before a real drop in endog-
enous estrogen levels, suggesting a model of perimenopause rather than a menopause model.

Phytoestrogens appear to promote anxiolytic and antidepressant-like actions in animal models.
However, it can be noted that the time, the dose and endocrine state are factors that may condi-
tion the effect of these estrogenic compounds. In general, acute interventions are ineffective;
most of the reports indicate that more than 3 days are necessary to observe an anxiolytic or anti-
depressant-like effect. For isoflavones, their effect appears to depend on the time of restitution
and the endocrine state of rats. In this line, the fact that their anxiolytic-like effect is observed in
ovariectomized or acyclic females but not in intact rats suggests that isoflavones are working as
a restitution therapy and the levels of phytoestrogens that are bioavailable after diet adminis-
tration are enough to induce changes in the respective receptors like a natural estrogen.

5. Alternative sources of phytoestrogens

5.1. Punica granatum L. (Lythraceae)

Pomegranate is a fruit native of Western Asia and North Africa. However, it is now cultivated
in most of the Mediterranean and North America region [76]. Table 1 shows the main phyto-
chemicals reported for pomegranate.

Over the last decades, pomegranate and pomegranate extracts have demonstrated to possess
several beneficial health effects for which it is considered a functional food. Clinical and pre-
clinical studies have shown that pomegranate has anti-oxidant [77], anti-inflammatory, anti-
tumorigenic, anti-microbial [78], anti-obesity [79], anti-nociceptive [80], neuroprotective [81] and
antidepressant-like properties [82-84]. Interestingly, most of the health benefits of pomegranate
are attributed to its high content of polyphenols, which represents the 26-30% of the total weight
of the fruit [85]. The main polyphenols present in the pomegranate are ellagitannins, such as puni-
calagin (a and 3), and flavonoids such as anthocyanidins, catechins, flavonols and isoflavones
[80, 86-88]. Ellagitannins are a type of hydrolyzable tannins with several hexahydroxydiphenoyl
(HHDP) groups esterified to sugar moieties. When consumed, ellagitannins are easily hydro-
lyzed to ellagic acid in the acidic conditions of the gastric juice because of its hydrophilic nature.
Therefore, on different portions of the small and large intestine, ellagitannins are transformed by
bacterial metabolism to dibenzopyranone compounds called urolithins. These compounds have
recently demonstrated to possess estrogenic activity on in-vitro assays; this particularity makes
pomegranate an excellent source of phytoestrogens [16, 22, 78, 89]. Under this premise, some
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Part of the pomegranate

Phytochemicals

Whole

Seed and oil

Peel and pericarp

Leaves

Ellagitannins
Anthocyanins
Anthocyanidins
Catechin
Proanthocyanidins
Acid derivates
Fatty acids
Triglycerides
Sterols

Terpenoids
Ellagitannins
Gallotannins
Hydroxybenzoic acids
Proanthocyanidins
Flavonols
Ellagitannins
Flavones
Flavonols

Flavone glycosides
Alkaloids

Acid hydroxybenzoic
Triterpenoids

Flavones

Phytochemicals found in several parts of pomegranate [79, 80, 86, 87].

Table 1. Phytochemicals found in Punica granatum L.

research groups have sought its therapeutic potential for the treatment of symptoms in meno-
pause. In 2012, the therapeutic effect of a 12-week schedule of pomegranate seed oil (PGS) on
menopausal symptoms was investigated with a neutral response, i.e., PGS reduced menopausal
symptoms, but with no significance, authors remarked the importance of evaluating the PGS for
a longer period [90]. Furthermore, a systematic review reported the effect of pomegranate juice
in osteoporosis, osteoarthritis, or rheumatoid arthritis. All the studies reported positive effects of
pomegranate extract or juice on osteoporosis, osteoarthritis and rheumatoid arthritis [91].

Preclinical studies have reported that the juice of pomegranate reduced menopausal symp-
toms in animal models by inducing antidepressant-like effects and decreasing bone loss [92].
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In our laboratory, an extract of pomegranate in the elevated plus-maze for the screening of
anxiolytic action and the forced swimming test for an antidepressant-like effect (unpublished
results) was evaluated. This extract has a high content of ellagitannins and previously showed
anti-inflammatory and antinociceptive properties [80] After 7 days of intraperitoneal admin-
istration, a reduction of anxiety-like behavior was detected and a lack of effect in the forced
swimming test. The decrease of anxiety was detected at 1.0 mg/kg (see Figure 4). Importantly,
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Figure 4. Effect of several doses (0.1, 1.0, 10 mg/kg, i.p) of aqueous extract of pomegranate (Punica granatum L.) in the
elevated plus-maze (A) and the forced swimming test (panel B) after 7 days of treatment. Pomegranate extract reduced
the anxiety-like behavior (panel A) but lacks antidepressant-like effect (B). Data are presented as mean + SE of 10-12
ovariectomized rats per group. *p < 0.05 versus control group; *p < 0.05 versus 0.1 mg/kg, One-way-ANOVA followed by

Student-Newman Keuls test. Unpublished results.
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the fact that the administration route was intraperitoneal suggests that other phytochemicals
more than ellagitannins, which require of microbiota transformation, could be present in the
extract. Future experiments may contribute to elucidate the phytochemical bounded in the
anxiolytic effect of pomegranate.

5.2. Brassica oleraceae var. italica

Broccoli (Brassica oleracea var. italica Plenck) belongs to the Brassicaceae of cruciferous family
where cabbage, brussels sprouts and radish can also be found [93]. It is native to the Anatolian
peninsula and now is widely cultivated in other parts of the world. The phytochemical con-
tent of broccoli is shown in Table 2. As it can be seen, broccoli is also a source of important
polyphenols, and consequently, phytoestrogens since in its composition, it can be detected
quercetin, kaempferol, daidzein, antocyanins [93, 94], coumestans and lignans [45, 95].

Phytochemicals Unity Broccoli
{-Carotene Ul 318.56
Zeaxanthin Ul 22
Lutein ug 1123.76
B-Cryptoxanthin Ul 0.88
Quercetin mg 22
Kaempferol mg 0.008
Myricetin mg 3.5288
Daidzein mg 0.0352
Anthocyanin ug 0.01
Lignans ug 0.528
Glucoiberin umol 145.2
Glucoraphanin umol 646.8
Progoitrin umol 80.15
Glucoalyssin pmol 69.78
Gluconapin umol 22.88
Glucobrassicanapin umol 23.707
Gluconasturtiin pmol 9.52
Glucobrassicin pmol 308
Neo-glucobrassicin umol 84.48
Chlorophyll (A) mg 0.88
Chlorophyll (B) mg 0.748

Phytochemicals of Broccoli. Data are expressed as UL, mg, ug or umol per 98 g of dried sample [96-117].

Table 2. Phytochemicals in different parts of Brassica oleraceae.
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Broccoli is also a source of a potent anti-oxidant and anti-inflammatory compound called sul-
foraphane (1-isothiocyanato-4-methylsulfinylbutane) which is an organosulfur compound
[118]. Several reports indicated that this compound might prevent depressive-like behavior
induced by the inflammatory process. For example, acute sulforaphane at 3-30 mg/kg and glu-
corophanin (glucosinolate precursor of sulforaphane) in the diet were tested in male C57BL/6
mice. In this case, it was to determine whether these compounds were able to prevent the onset
of depression-like behavior after an induction of inflammation by lipopolysaccharide adminis-
tration [118]. In this chapter, authors also evaluate the effect of sulforaphane on brain-derived
neurotrophic factor (BDNF) levels, synaptogenesis protein and dendritic spine density in the
brain. The results showed that sulforaphane prevents the increase of TNF-a, IL-10 and microg-
lia activation blocking the inflammation process at the same time that decreased the depres-
sive-like behavior evaluated by two behavioral test. Interestingly, sulforaphane also reverses
the reduction of BDNF expression and dendritic spines induced by inflammation process [118].

In another study, the effect of sulporaphane and glucorophaninwas tested on depressive-like
behavior after repeated social defeat stress using Nrf2 knock-out mice. Nrf2 is a transcription
factor keap-1 system that plays a role in the inflammation and evidence has shown that both
peripheral and central inflammation plays a crucial role in the pathophysiology of depression
[119]. The administration of diet rich in sulforaphane and glucorophanin prevented the depres-
sive-like behavior during adulthood; further authors showed that dietary intake of SFN-rich
food during juvenile stages and adolescence could confer stress resilience in adulthood [119].

Contrasting results have also been reported, for example, Balb/c mice received sulforaphane (50
mg/kg) previous to the injection of lipopolysaccharide afterward sickness behavior (an animal
model of depression), and the proinflammatory response was evaluated in the hippocampus.
The authors reported that sulforaphane administration prevented the induction of pro-inflam-
matory mediators (IL-b; IL-6, Cybb, INOS) but did not improve sickness behavior [120, 121].
Therefore, the use of sulforaphane to prevent depression-like behavior is inconclusive.

As far as we know, there is no information about the use of sulforaphane or glucorophanin in
animal models of menopause. However, it has been suggested that the advantage of broccoli
consumption is that some phytochemicals promote the conversion of 16-a-hydroxyestrone
to 2-hydroxyestrone, the first is a carcinogenic metabolite that has been linked to breast can-
cer risk whereas the latter product does not exhibit estrogenic properties in breast tissue.
Apparently, the ingestion of broccoli sprouts could be a good strategy for the treatment of
menopause symptoms [2, 122, 123].

In our laboratory, several doses (0.1, 1.0, 10 mg/kg, i.p) of an extract of broccoli were evaluated
for its anxiolytic and antidepressant-like effects after 7 days of administration to 3-week post-
ovariectomized rats. The results indicated an anxiolytic—but not antidepressant-like effect
(Figure 5, unpublished results). The phytochemical involved in this action is unknown and
studies to reveal it are running.

The fact that sulforaphane exerts anti-inflammatory properties and that according to the aeti-
ology of depression, the inflammatory process plays a major role in its aetiology, the con-
sumption of food or nutraceuticals with sulforaphane could be suitable.
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Figure 5. Effect of several doses (0.1, 1.0, 10 and 100 mg/kg, i.p) of aqueous extract of broccoli (Brassica oleraceae L) in the
elevated plus-maze (A) and the forced swimming test (B) after 7 days of treatment. Broccoli extract reduced the anxiety-
like behavior (A) but lacks antidepressant-like effect (B). Data are presented as mean + SE of 10-12 ovariectomized rats
per group. *p < 0.05 versus control group; +p < 0.05 versus 0.1 mg/kg, One way-ANOVA followed by Student-Newman
Keuls test. Unpublished results.

6. Comorbidity in menopause and alternative medicine

Fibromyalgia (FM) is a chronic, generalized pain syndrome that affects the musculoskeletal
system [124]. It is characterized not only by a widespread pain observed due to the presence
of multiple tender points but also by depressive behavior, fatigue and sleep disturbances
without any structural or inflammatory cause [125, 126]. Studies have consistently demon-
strated a female predominance of this disease [127] with a major frequency in pre- and post-
menopause condition supporting that an abrupt decline or a reduced time of exposure to
ovarian hormones may contribute to FM [128].

Although FM is not an inflammatory disease, it is known that a neuroinflammation process
can occur, which is described as an increase in the production of interleukins at the central
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nervous system level, such as IL-1p, IL-6, IL-8, IL-10 and TNF-a, and not at the peripheral
level [129]. To date, it has not been possible to establish whether their elevated levels are
associated with the painful process in FM since these have also been observed in patients with
depression and sleep disorders [130]. The neuroendocrine alterations observed are usually at
the level of the hypothalamic-pituitary-adrenal axis where there is hyperactivation, and it has
been related to deficient levels of hormones [131] that could be part of the reasons of a major
frequency in menopause [128].

As it was mentioned, anthocyanidins belong to the flavonoid group of plant-derived chemi-
cals, which have been commonly used for the treatment of chronic diseases. One randomized
clinic test was done to evaluate the efficacy of this compounds (40, 80 and 120 mg/day) in the
treatment of FM compared with a placebo group. The evaluation had duration of 52 weeks
with each treatment given for 12 weeks, preceded by a 4-week baseline period. Authors con-
clude that anthocyanidins showed small but significant benefits at a dosage of 80 mg/day in
the treatment of primary FM, mainly in the sleep disturbance in the presence of minor adverse
effects like indigestion or nausea [132].

Chronic fatigue syndrome is also comorbid linked to early menopause and FM since it
involves the muscular, nervous, hormonal and immune systems; it is often misdiagnosed as
depression [133]. Isoflavones (daidzein and genistein) were capable of reversing alterations
like chronic fatigue syndrome in an experimental model in mice suggesting their protective
effect in this neuroimmune-endocrine disease [134].

7. Concluding remarks

1. Clinical reports show inconsistent results about the use of phytoestrogens effectiveness to
treat vasomotor and psychiatric disorders associated with menopause. The biotransforma-
tion by microbiota to deliver the main active compounds appears to be fundamental to
observe positive effects.

2. Preclinical data show that the effect of phytoestrogens depends on the time of administra-
tion as well as the endocrine state of rats, suggesting that these factors could also contrib-
ute to explain the inconsistency between results observed in humans.

3. More studies are necessary to evaluate if the same phytoestrogen can induce both anxio-
lytic- and antidepressant-like action and if their effect depends on the endocrine state.

4. Clinical and preclinical studies indicated that the use of phytoestrogens is safe due to the
high antioxidant activity. However, meta-analysis studies are inconclusive. Therefore,
phytoestrogens as restitution therapy should be monitored.

5. Functionalfood and nutraceuticals areanimportant source of a wide variety of phytoestrogens.
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Abstract

As the population ages, there is a need of developing ways to prevent or revert the del-
eterious effects of aging, especially in climacteric women who suffer with the problems
caused by hormonal changes. Exercise is a nonmedicated intervention that can be applied
on that population. The benefits of physical activity can positively change body composi-
tion, increase levels of muscular strength, balance, and functional capacity. Strength train-
ing, aerobic exercise, whole body vibration, and aquatic exercises are some of the modalities
that health professionals can prescript to these individuals. Although there are many studies
about these exercises, a technique called blood flow restriction is emerging as an alternative
to high load exercises but with the same benefits.

Keywords: climacteric women, exercise, body composition, strength, blood flow
restriction

1. Introduction

The aging process, also called senescence, is characterized by gradual and irreversible changes
in an organism’s structure and operation as a result of the time passing. The World Health
Organization (WHO), in the end of the 1990s, adopted the term “active aging” to describe the
process of the health, participation, and security opportunities. The aim of the active aging is
to increase the expectation and quality of life to all the people who are aging, including the
fragile, physically impaired, and the ones that require special care [1]. Data from the WHO
indicate that in 2025, the life expectation in the developed countries will be 81 years; and 78
years in the ones that are in the development process [2].
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The word “health,” according to the WHO, refers to the physical, mental, and social well-
being where the organism works optimally without any disease. Therefore, in an active aging
project, the politics and programs that promote mental health and social living are just as
important as the ones that improve the physical health conditions. Furthermore, the indi-
vidual will be able to stay physically active and able to work [2].

During the adult life, the physiological functions of our organism decline, which is part of the
senescence. The capacity of protein synthesis reduces significantly, there is a decrease of the
immunological functions and changes in the body composition. Also, in elderly, the motor
performance falls down expressively as a result of physiological degeneration and extrinsic
factors such as environment conditions, task requirements, state of the disease, life style, or the
combination of these elements. More than just biological and physiological changes, the aging
process brings loss of psychological and social character, as well as elderly isolation, with the
understanding that they are no longer active, or the fact that they think that are an obstacle
to their families what causes sadness, low self-steam, even causing emotional diseases like
depression [3].

In the middle-age, about 45 years old, the non-transmissible diseases are responsible for
most part of the health complications and deaths. The researches show the risk of chronic
diseases as the age advances, such as diabetes, cardiopathy, osteoarthritis, osteoporosis, and
sarcopenia. However, what raises the risk of development of chronic diseases at older ages
is smoking, sedentarism, inadequate diet, and hormonal alterations [1]. On the other hand,
the enrolment in adequate physical activities, healthy diet, nonsmoking, not drinking alco-
hol, and the right use of the medicaments prescribed by the doctor may prevent diseases
and the functional fall, increase the longevity and the individual’s quality of life. Regarding
specifically the indication of physical activity for the population over 65 years, the American
College of Sports Medicine (ACSM) [4] recommends that along with aerobic exercises (mod-
erate or intense), 8-10 strength exercises must be performed, with 8-12 repetitions for each
exercise, two time a week.

The reduction of the lean mass close to 50 years is more expressive in women than men.
The peak of this reduction happens on the postmenopause period, when occurs the loss of
skeletal muscle, which is related to the fall on the production of ovarian hormones (espe-
cially, estrogen). The sarcopenia is a syndrome characterized by progressive and generalized
reduction of the skeletal muscle mass associated with the loss of muscular strength, having
as a consequence the physical impairment (reduction of muscular function and speed), fall
in the quality of life and greater mortality. The European Study Group in Sarcopenia on the
Elderly recommends that for the sarcopenia diagnostic the individual must have, necessarily,
low lean mass associated with one of these two factors: low muscular function or strength.
The preservation of the skeletal muscle mass is connected to the well-being and the disease
prevention in the elderly [5].

Among the events that happen during the aging process, the reduction on the mineral bone
density has a particular important role for the possible development of osteoporosis in both
the genders but mostly in the female. After 40 years, the annual bone loss average is from 2
to 3% and elevates to more than 5% in the early years of climacteric [6]. The WHO defines
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osteoporosis as the reduction of bone mass associated with the disarrangement of the bone
microarchitecture resulting in increased fragility of the bone and an elevated fracture risk [2].

Women in the postmenopause, when submitted to an exercise program based on stretching,
balance, strength exercises, and impact exercises associated with hormone therapy (HT), show
greater bone mineral density on the femoral neck when compared to the women that only
do hormone therapy [7]. The muscle strength reduces fracture risks caused by osteoporosis
because it increases the bone mineral content, the strength supported by the noncontractile tis-
sues (tendons and ligaments), improvement in the postural function, and decrease in the risk
of fall. Some studies suggest that the growth of muscle mass leads to a rise on the muscular
strength, stimulating the bone remodeling through the piezoelectric effect, which is the capac-
ity of the bone to transform mechanic signals into electrical signals [8].

2. Body composition

2.1. Lean and fat mass

The role of physical activity on body and fat mass control is extremely important. Studies
demonstrated that there is a negative correlation between regular physical activities and body
mass index (BMI). Since the exercise enhances energy expenditure, it plays an important part
on reaching the ideal weight and body composition related to the health of elderly people.
Therefore, the morbi-mortality, associated with non-transmissible chronic diseases, could be
reduced with prevention, including physical activity as a change on the lifestyle to improve
the aspects of body composition. Also, a reduction on the muscle mass on climacteric women
results in a decrease of the basal metabolic rate, strength, and level of physical activity.
However, it is already established that the reduction of these energetic needs is not followed
by a decrease on the caloric ingestion, which causes a rise in the body fat mass with aging [9].

The aerobic exercise is a modality that has the power of promoting positive changes in the body
composition. However, there is a need of controlling the intensity of the exercise because litera-
ture shows that when realized with a very small load, it will not modify the aspects of body com-
position [10]. A group of postmenopause women performed a 1-hour walking protocol three
times a week for 6 months at 60% of the maximum oxygen volume (VO, ) intake, whereas the
other group performed walking 5 days a week for the same period but without controlling the
intensity. Despite both the groups had shown reduction in fat mass and percentage, only the
controlled one had decrease in the body mass.

Still regarding the effects of exercise on body composition, eight postmenopause women and
seven men, aged between 61 and 77 years, caucasian, healthy and sedentary, with body mass
index (BMI) with normal levels (24.8 kg/m?) performed a 26-week resistance training protocol
to upper and lower limbs and lumbar extensors, three times a week, two series of 10 rep-
etitions for each exercise at 65-80% of one maximum repetition (1RM), totaling 45 min [11].
There were no changes on body mass; however, there was a reduction on fat percent (3.4%)
and fat mass (3.1 kg) and an increase of the free-fat mass (2.0 kg), strength (14.9-49.0 kg), total
energy expenditure, and basal metabolic rate.
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Another aspect that can interfere on the results of exercise on the body composition is the
presence or absence of a certified supervisor for the physical activity. Recently, the effects of
an exercise program composed of stretching, weight bearing, resistance training for upper
and lower limbs, and leisure activities in postmenopause women were evaluated where one
group had the supervision of a physiotherapist and the other did not have; the exercises were
performed at home. The upper and lower limbs and total body lean mass of the supervised
group was increased. On the other hand, that did not happen on the other group, showing
that supervision is important to obtain the desired results and also to prevent injuries [12].

The effects of a 16-week variable load resistance exercise protocol on body composition,
associated with diet or not, were evaluated in 15 postmenopause women (50-69 years) who
performed strength training three times a week with a load of 90% of 1RM [13]. The sample
was divided according to the BMI: G1 (n =7; IMC > 27 kg/m?) and G2 (n = 8; IMC < 27 kg/m?).
Group 1 was submitted to the exercise protocol plus diet, whereas the other group did not
have the diet controlled. The exercise-only group did not show significant changes on body
composition. In comparison, the on-the-exercise + diet group showed a reduction on weight,
fat mass, and fat percentage. In that perspective, although the exercise can promote a lot of
benefits to climacteric women, if other aspects such as the diet are not well controlled, these
benefits may not appear.

2.2. Bone mass

Positive effects of the exercise on the increase or maintenance of bone mineral density
(BMD) were already observed in post menopause women with osteopenia or osteoporosis.
However, the benefits depend on the type of exercise, intensity, frequency, and duration of
the session [14].

Strength training can increase the mechanical stress on bone throughout the tendon promot-
ing an osteogenic response and the piezoelectric effect, justifying the maintenance or increase
of BMD. Because of that mechanism, forces of compression, tension, or torsion can generate
electric signals that stimulate bone activity and deposition of minerals in stress points caused
by muscle contraction. The muscle contraction can increase the BMD and, possibly, block the
bone reabsorption [8, 15].

A positive linear relation between BMD and the increase of load during 1 year of strength
training in postmenopause women was observed [16]. Exercise programs from low to mod-
erate impact (running, walking, steps up-and-down) are more effective for the preservation
of BMD on the lumbar area and femoral neck when combined with strength training than
high-impact exercises such as jumping [17].

Many meta-analyses point out that high-intensity aerobic and resistance exercises tend
to be more effective for the increase of lumbar spine BMD than low-intensity walking.
Nevertheless, when there is an association between low-intensity walking and a high-cal-
cium diet is also effective on elevating BMD. Furthermore, these exercises can promote a 2%
elevation on the BMD of postmenopause women, which is a very important improvement in
their bone health [18, 19].
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Moderate aerobic exercise (50% of the maximum VO,) seems to be safe and easy to execute
in osteoporotic women and effectively increase BMD of the lumbar spine after 12 months of
intervention [20]. A well-regulated bone metabolism is extremely important for the prevention
and maintenance of the bone system properties. Likewise, a training program can help on the
reduction of reabsorption bone biomarkers, reducing the risk of vertebral fracture up to 25%,
even if the BMD does not increase significantly [21].

Besides the discrete effect of walking on the lumbar vertebrae BMD, there are other benefits
related to that exercise. A 4-hour walking per week showed to be associated to a 41% less
hip fracture risk compared to less than 1-hour per week [22]. In the same perspective, 40-
minute brisk walking, three times a week, promoted a clinical improvement on the femoral
neck BMD and a 35% reduction on the risk of fall on the elderly after 2 years of exercise [23].
Table 1 sums up a few studies that investigated the benefits of exercise on body composition
of climacteric women.
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Year Sample Exercise protocol Main results
n Age Stage
(years)
1995 [10] 15 50-69 Postmenopause  G1: strength training G1: |weight, | Percentage fat
women + diet mass, |fat mass, tlean mass
G2: strength training
16 weeks
1996 [11] 36 X Postmenopause  G1: walking, three times ~ G1: |Weight, |fat mass, |
women a week Percentage fat mass
G2: walking five times G2: |Fat mass, | Percentage
a week fat mass
24 weeks
2000 [24] Eight men 61-77 Postmenopause  65-80% 1RM strength 13, 4% fat mass, |fat mass,
and seven training, three times a tlean mass
women week, 45 minutes’ session
26 weeks
2016 [13] 34 60-74 Postmenopause ~ GI: stretching, walking ~ G1: farms, legs and total lean
women or step, upper and lower mass
limbs strength training,
leisure activities, all with
supervision
G2: same protocol, but
without supervision
Two times a week
12 months
1997 [23] 97 59-75 Postmenopause  G1: walking, 40 min, G1: a tendency on the increase
women with three times/week of the BMD of the femoral
upper limb G2: upper limb exercises, neck; increase on the lumbar
fractures guided to perform BMD in both groups, however

exercises that improve
wrists and arms function,
visited each 3 month.
Reassessed after 1 and

2 years.

not statistically significant
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Year Sample Exercise protocol Main results
n Age Stage
(years)

2001[14] 35 53-77 Osteoporotic GI: daily walking + 2 No difference on the BMD of
postmenopause  series of 15 repetitions the lumbar vertebral in none
women per day of exercises for  of the groups;

trunk and lower limb 1 Percentage average BMD of
muscles and ingestion of  the G1 when comparing the
calcium and D vitamin baseline to the 1st and 2nd
G2: detraining group year of training

G3: control group

2003 [7] 140 X Osteoporotic G1: hormone therapy +  There was a positive
postmenopause  strength training association between the
women G2: hormone therapy amount of weight lifted

only and the BMD of the femur
independent from factors such
as age, weight, and hormone
therapy

2004 [20] 50 X Osteoporotic G1: outside walking There was no significant
postmenopause  (50% VO, ,1hperday, difference on the BMD of both
women 4 days a week, for 12 groups

months
G2: control group

The bone marker NTX showed
a reduction on the G1

Table 1. Studies related to exercise and body composition in climacteric women.

3. Neuromuscular variables

As an important consequence caused by the many endocrine, neuroendocrine, behavioral,
and metabolic changes that occur on the climacteric period, the decline of neuromuscular
variables is one of the most frequent that brings important alterations to the life of this popu-
lation [24]. During this chapter, the term “neuromuscular variables” will be used to make ref-
erence to all capacities that are related to neural stimulus and muscle health such as strength,
agility, speed, flexibility, balance, and others.

There is a direct relation between muscle mass loss and strength decrease in women with
more than 40 years. It is estimated that the muscle strength has a 15% fall on the period
between 60 and 79 years, and 30% from the eighth life decade, with the lower limbs being
more affected than the upper limbs [25, 26].

The diminution of muscle strength as a result of changes in the composition of the subtypes of
muscle fiber, oxidative stress, variations of the growing hormone (GH), IGF-1, insulin, among
others, also leads to a reduction in other important physical capacities that depends on the
strength [27]. Body balance, walking speed, stepping up-and-down, recovery after a stabil-
ity loss and standing up from the chair are some examples of variables that, with the fall in
strength, end up being negatively affected.

The Brazilian Society of Sports Medicine [28] published an official statement regarding physi-
cal activity and women’s health pointing that there is an inverse relation between exercising
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regularly and the main causes of death in menopause women. Thus, performing physical exer-
cises regularly is the most effective way of avoiding strength loss, or try to regain part of the
strength that was lost, similarly all the other capacities that depends on strength [26].

There are many types of exercise that promote benefits for the neuromuscular variables of
climacteric women. Strength training, in general, is the most well-studied and used to achieve
that goal. To prescribe correctly the most adequate training, few factors are to be taken into con-
sideration such as the number of repetitions, load, series, resting interval, seminal frequency
and others. The American College of Sports Medicine [4] states that to have effective results
with the strength training, the load should be bigger than 65% of one maximum repetition
(1IRM), three series with 8-12 repetitions for the main muscle groups of the upper and lower
limbs should be performed, at least three times a week. Nonetheless, those training variables
can be manipulated in many ways, allowing the creation of a lot of training programs.

It is also well-known that training with higher intensities promote bigger changes. When com-
paring a training protocol that followed all the statements of the ACSM, which means exercises
that involved the main muscle groups from upper and lower body where one group trained at
40% and the other at 80% of 1RM, it was observed that despite the fact that both showed increase
of strength and transverse muscle section, the high intensity group had significantly more gains.
In addition, it is important to highlight that in this specific study, emphasis was given to exer-
cises that activated muscles that had origin or insertion on the spine and femur aiming to ally
the strength gain with the piezoelectric effect and, consequently, improve the bone mass, which
can be an interesting way to potentialize the benefit of the resistance exercise [29].

Although muscle strength happens to be a variable relatively easy to increase or, at least, maintain,
it must be highlighted that if the individual stops practicing the physical activity, the detraining
also happens fast. To illustrate that 15 postmenopause women practiced strength exercises for
upper and lower limbs for 8 weeks with a load of 80% of 1RM and that was effective to increase
strength of the trained muscle groups. To analyze the detraining process, those women stopped
training and re-evaluated after 8 weeks. The average of strength loss was 4.5% after detraining.
Yet, it is important to say that there was no difference between the strength before the training
and after detraining [30]. Hence, the strength training is effective to climacteric women, but its
benefits are easily lost in cases of abandoning the exercise program, pointing out the importance
of developing strategies that increase the adherence of these women to the training.

A group of researchers from the Idaho State University, United States, developed a training
program called POWIR (Prevent Osteoporosis with Impact + Resistance) with the initial goal
of bone improvement but was modified to improve strength and function also. The basis of this
program is composed of a progressive training that uses dumbbells, barbells, and weighted
vests as ways of applying resistance focusing on exercises for the lower limbs, hips, chest, and
back [31]. This protocol was initially created to healthy climacteric women; however, it was
also applied in postmenopause women who had breast cancer.

In this specific population, 106 women who went through breast cancer treatment were sepa-
rated in two groups where one performed the POWIR protocol and the other an exercise
program consisted only of stretching and flexibility, called FLEX. The intervention lasted for
1 year and in addition to the exercises already pointed, both groups performed home exercises
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one time per week. The POWIR was able to improve aspects such as muscle strength, walking
speed, stand up from the chair, among others, showing to be an efficient and safe option for
climacteric women, including the ones who had diseases like cancer [31].

Water exercises are another type of physical activity that can improve neuromuscular vari-
ables of climacteric women and the changes may be similar to other exercises that are com-
monly used on the daily practice of physiotherapists and personal trainers, such as elastic
bands. A water exercises protocol with the same number of repetitions, rest interval, series,
week frequency, duration (35-60 min) and for the same muscle groups of an elastic band pro-
tocol promote the similar benefits for climacteric women [32].

Nevertheless, even with the same exercises, some differences still appear when comparing
water exercises and elastic bands. The water exercises were more efficient on improving the
performance on the 60-second squats (65%) and abdominal crunch (28%), whereas the elas-
tic bands were better to increase flexibility (44.19%) and performance on the knee push-up
(29.13%). Still, it is important to highlight that both protocols promoted benefits in all neuro-
muscular variables [32]. When the protocol is well designed with heating, stretching, strength
exercises, and cool down, there is no doubt that the benefits will appear, and both water exer-
cises and strength training with elastic bands are effective to climacteric women.

In fact, to promote a muscle strength gain, it is necessary that the muscle contracts and so acti-
vate mechanisms that promote protein synthesis. In more intense exercises such as strength
training or water exercises, it is very easy to observe how the contraction needed to win a load
stimulates muscle hypertrophy and strength gains. On the other hand, lighter activities such
as whole body vibration training (WBVT) sessions also stimulate muscle contraction [33]. The
most important mechanism activated is that the vibration has the capacity of stimulating senso-
rial receptors that lead to a reflect activation of the motor units, similar to what happens on the
tonic reflex [34].

Hormone therapy (HT) on climacteric women is an important treatment indicated to reduce
the symptoms (such as, heat waves, night sweats, vaginal dryness, changes in sleep, among
others) caused by decrease of hormones, mainly estrogen [35, 36]. Studies confirmed the posi-
tive effects of this therapy on the quality of life and strength in postmenopausal women [37, 38].
Associated with HT, physical exercise can bring benefits to women'’s health after menopause,
reduce fat mass and the risk of coronary diseases; increase strength, resistance, and flexibility
[39-41]. Besides that, weight-bearing, strength, and balance exercises associated with HT are
able to help in osteoporosis prevention and treatment in a 1-year period, aiming to increase
BMD and, consequently, reducing the number of lumbar and femur neck fractures [16].

It is undeniable that the strength training is the type of exercise mostly used to promote
strength gains. In this perspective, to see if the WBVT is also capable of promoting those gains,
the results of both types of exercise must be compared. Three times a week WBVT and strength
training, for 6 months, were able to increase significantly the isometric (15.10% and 16.49%,
respectively) and isotonic (16.47% and 10.59%) strength, those differences being nonsignificant
when comparing both types of training [34]. Thus, WBVT can promote a strength increase
similar to the strength training. Some studies that analyzed the effects of many types of exer-
cise on the neuromuscular variables are listed on Table 2.
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Year Sample Exercise protocol Main results
n Age (years) Stage
2000[29] 25 41-60 Postmenopause GI: strength training at 80%  G1 and G2: tmuscle
women of IRM strength, ftransverse
G2: strength training at 40%  muscle section
of IRM G1: showed significant
G3: control group greater increases
2002 [30] 15 49-62 Postmenopause GI: strength training at 80%  Gl: increased strength
women of IRM after 8 weeks, but that
G2: control group improvement was
lost after 8 weeks of
detraining
2012 [31] 106 >50 Postmenopause G1: POWIR G1: 1 muscle strength,
women survivors of twalking speed, tstand
breast cancer up from the chair
G2: FLEX
Both interventions
lasted 1 year
2009 [32] 46 54.7£2.0 Postmenopause G1: water exercises Both groups: 160-
women G2: strength training with second squats,
elastic bands tabdominal crunch,
flexibility, tknee
push-up
2004 [34] 70 58-74 Postmenopause G1: whole body vibration G1 and G2: tisometric
women (24 weeks) and isotonic strength

G2: strength training
(24 weeks)
G3: control group

Table 2. Studies related to exercise and neuromuscular variables in climacteric women.

4. Blood flow restriction —an alternative to high loads

As previously said, to obtain maximum benefits from exercise, for example the strength
training, it is indicated that higher loads must be used, which will promote a bigger response
of the organism and, consequently, greater benefits [42]. Nevertheless, loads bigger than 65%
of 1RM as stated by the ACSM [4] many times are not tolerated by the elderly, individuals
with some disease that turns harder performing exercises, such as chronic obstructive pul-
monary disease and osteoporosis, among other populations. In this perspective, a Japanese
scientist called Yoshaki Sato thought about a method that consisted of low-load exercises
associated with some device that could reduce the blood flow, for example pneumatic cuffs,
elastic bands, and sphygmomanometers (Figure 1), to the muscle that is being used [43].
Initially, the method was called “vascular occlusion”, but nowadays, the terms “Kaatsu
training” and “blood flow restriction” (BFR) are the most widely used.

There are still many unanswered questions regarding how the BFR is capable of promoting
benefits on strength, functionality, muscle activation, and others, similar to the traditional high
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Figure 1. (A) Walking with blood flow restriction, (B) strength training with blood flow restriction, and (C) pneumatic
cuff used to promote the blood flow restriction.

load exercise, even being performed with very low loads. However, studies that investigated
the BFR mechanisms affirm that the explanation lies on a bigger metabolite concentration,
stimulation of anaerobic growth factors, greater fast twitch fibers recruitment, increase on GH
secretion, VGF1, fall on miostatine and rise on mTOR levels, greater nitric oxide synthesis,
along with other factors that were not yet discovered [44-46].

Most part of the studies with BFR combine this technique with the strength training and in
apparently healthy individuals; however, some researchers already have been investigating
how the BFR can be used in special populations and associated with other types of exercise
[47-52]. In the next session, some studies that used this technique in climacteric women and/
or with non-transmissible chronic diseases will be presented.

4.1. Applying the blood flow restriction

The osteoporosis, which is a bone-metabolic disorder characterized by a reduction of the bone
mineral density (BMD) with deterioration of the bone micro architecture, leading to an increase
of the bone fragility and fracture risk [53], affects climacteric women, and this is a population
that needs to practice exercises to improve not only the bone, but also the neuromuscular
aspects. Because of that, strength training with blood flow restriction is being used in osteopo-
rotic women due to the fact that it can promote benefits without the need of elevated loads [47].

A low load (30% of 1RM) with BFR and a high load (80% of 1RM) strength training program
were applied for 3 months and two times a week in women with osteoporosis (62.60 + 4.33
years) to compare the alterations on strength levels [47]. Both protocols consisted of four
series until concentric failure, but while the BFR group had a 30 seconds’ rest between series,
the high load group had 2 minutes. The two types of exercises were capable of increasing
strength comparing the pre-test in the 6 and 12 weeks, and the gains were similar for both
groups, showing that even with low load, the BFR promotes strength gains on the same
magnitude of high loads.
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There is few literature regarding the use of BFR in water exercises probably because of the
problems that can appear on building a restriction equipment that could be easily used on
water. Even with those difficulties, two studies were developed by a group of researchers
from the Federal University of Paraiba, Brazil, associating water exercises for BFR [48, 49].
Menopaused women (n = 28) were separated in control group, water exercises and water
exercises with BFR. For 8 weeks, the experimental groups performed a 45 minutes’ exercise
protocol for lower limbs in a pool with controlled temperature, being on with and with-
out BFR. The exercise combined with BFR increased lower limbs maximum strength, which
did not happen on the other experimental group. Also, both groups improved functional
performance [48]. In contrast, neither of the protocols were capable of changing aspects of
the body composition, probably because the exercise volume was too low to promote such
changes [49].

Elastic band exercises are another type of exercise whose effects associated with BFR were
investigated. Similar to the traditional strength training, low-load elastic band exercises with
BER for upper limbs for 2 months, three times a week, showed an increase on the strength
similar to the high intensity group. In addition, a tendency for improving the total bone mass
was also found [50].

Even though the mechanisms of BFR on the improvement of the muscle health are not com-
pletely well known, some studies were already able to partially explain that [44, 45]. Regarding
the bone mass, few are the studies explaining the physiological mechanisms caused by BFR.
However, since it is a low-load exercise, the improvements do not come from mechanical
stimulus or piezoelectric effect but from metabolic and hormonal factors [51, 52]. The low-load
strength training with BFR was capable of increasing the bone alkaline phosphatase levels in
elderly men after 6 weeks of exercise, correspondingly to the high load group (21% and 23%,
respectively) [51]. Besides that, there is the hypothesis that an increase on the intramedullary
pressure and interstitial fluid flow within the bone promoted by the BFR leads to favorable
responses for bone formation and remodulation [52].

5. Conclusions

With the aging of the world’s population, it turns even more necessary that new studies
be developed with the goal of finding exercise types that benefits this population group,
aiming not only the treatment of non-transmissible chronic disease but also its prevention.
The positive effects of exercise in climacteric women were already proved in a lot of stud-
ies, and it is essential that the health professionals responsible for the prescription of such
exercises (physiotherapists, personal trainers, occupational therapists) have the necessary
knowledge to prescribe correctly in a way that brings maximum improvements on body
composition, functional performance, strength, balance, and others. On the other hand, new
ways of exercise, just like blood flow restriction, are promissory exercise modalities for that
the public still needs more studies regarding the ideal prescription to apply this technique
on climacteric women.
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