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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 × 105–7 × 106 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
2
) 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
4
) and triiodothyronine (t

3
) 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 II 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 average, 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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