
It is commonly accepted that, on average, women

live longer than men do: expected lifespan for women in

developed countries is on average five years longer than

for men. Partially, this depends on social roles and life

style men and women follow. Nonetheless, in developed

countries, where men and women have fewer differences

in social atmosphere, the difference in lifespan is bigger,

not smaller, than in people of opposite sexes in develop-

ing countries, except those conducting warfare for a long

time. Indeed, lifespan much depends on life style, incli-

nation to risk, and specific professions: even in Europe,

mortality from injuries in men is 5-8-fold higher than in

women.

A 2012 statistical report released by the World Health

Organization concerning the European population

revealed that among the most common causes of death in

all ages, mortality was lower in women than in men (a

similar pattern is observed in global population, but the

European population was more homogenous in terms of

social roles played by men and women). No doubt, social

factors still affect these statistical data, but such differ-

ence in mortality rate is considered quite ponderable only

for social differences. Furthermore, statistics on mortali-

ty rate among children under five having vanishingly

small sex-related social differences do not come out from

the overall picture [1].

INFLUENCE OF GENDER ON SEVERITY

OF CLINICAL COURSE OF DISEASES

In this section, we intend to avoid discussing hor-

monal and reproduction-related diseases due to extreme

sex-dependence, which deserve to be examined separate-

ly, and focus on pathologies more common to both gen-

ders. Moreover, we review data obtained not only in

humans, but in other animals as well, wherein hormonal

changes might affect an organism in a completely differ-

ent way.

Altogether, mortality from cardiovascular diseases

substantially anticipates mortality from all other diseases.

The same group of diseases is characterized by one of the

most evident differences between men and women,

wherein many diseases in women begin to develop with a

10-year delay, including myocardial infarction [2-4],
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ischemic heart disease [3], heart failure [5], cardiomyo-

pathies [6], and arrhythmias [7]. Many diseases tend to

lose “protective effect” related to female gender during

the postmenopausal period [8-12]. Mortality of women

from myocardial infarction is higher at young age [13],

whereas in men – at older age [14]. Death from myocar-

dial rupture is more common in men [15]. Hence, distur-

bances related to hormone regulation such as diabetes or

obesity are more serious risk factors in women with

myocardial infarction [2], coronary artery disease [16],

and hypertension [17, 18] (Fig. 1).

On the contrary, autoimmune diseases are much

more common in women (occurrence for some of them is

higher by up to 10-fold [19]). Hence, men might have

poorer prognosis in case a disease has eventually been

developed [20, 21].

Renal failure in men develops twice faster [22, 23],

and, clinically, male gender is considered as a serious

aggravating factor: in particular, in men, the incidence of

end-stage renal failure is higher by 10% [24]. However,

signs of anemia in men are attenuated during this pathol-

ogy, whereas in women they are aggravated. In case renal

failure is burdened with diabetes, then female gender

would be considered as an aggravating factor [25].

In addition, significant differences between males

and females are found in manifestation of some neurolog-

ical diseases. For instance, multiple sclerosis is more

common in women [26]; however, men have poorer prog-

nosis of the disease progressing [27]. In women, progno-

sis of stroke is poorer and its incidence is higher by 2-3-

fold [28-30]. In addition, focal epilepsy is more common

in men, whereas idiopathic epilepsy – in women [31].

The examples presented above are among those that

have very prominent gender differences; however, small

differences in pathogenesis and clinical manifestations of

diseases as well as mortality rate and survival and reac-

tions to drugs were observed in virtually all disease groups

(for more information see [32]).

Nonetheless, sufficient examples were provided

allowing understanding that: after occurring, many dis-

eases develop in men and women in a different way, thus

partially removing an issue regarding social factors. These

include cases when a certain substance acts on represen-

tatives of one gender, but not of other one. For example,

healthy men respond to injected angiotensin II by elevat-

ing glomerular filtration rate, whereas women – do not

[33], thus evidencing higher capacity to increase blood

pressure in glomeruli and significant influence on

response against damaging impacts in men.

MECHANISMS UNDERLYING INFLUENCE

OF SEX HORMONES ON DISEASES

AND MORTALITY

Apart from socio-behavioral factors such as risk

proneness and dangerous habits, features of disease man-

ifestation and mortality in men and women are apparent-

ly determined by biological differences, undoubtedly

exhibited at the level of the whole organism. However,

Fig. 1. Total all-cause, malignant neoplasm, ischemic heart disease, and infectious disease mortality in men and women of age groups 5-14,

15-50, and 50-70 in Europe in 2012 according to the World Health Organization.
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they are less evident at the level of separate organs,

whereas dissimilarities between single cells, organelles,

and molecules are found quite seldom. These differences

at all mentioned organizational levels will be discussed

below. Unfortunately, many experimental studies were

done not with people or human cell cultures, but with

animals or animal cells. This imposes routine biological

limitations on interpreting such data. Nonetheless, with-

in the scope of this review, we will assume that it is accept-

able to use data obtained for other animals for discussing

general regularities also being true for humans.

Physiological differences. On average, men’s body

weight is greater by 15% compared to women [34]. The

former have stronger bones, firmer tendons and liga-

ments [35], and higher skeletal muscle mass/body weight

ratio [36]. In contrast, women have higher percentage of

fat tissue. Muscular strength of men exceeds, on average,

that of women by 40-60% [37]. In men, lung volume is

greater by 56% even after being adjusted for body weight

[38].

In men, the heart is larger in terms of mass and size;

in particular, the left ventricle is larger than in women by

30% [39]. On the other hand, blood pressure is lower in

women, and heart beat rate is higher, even during sleep. In

the blood of men, the concentration of red blood cells

and hemoglobin is higher and consequently oxygen

capacity of the blood, whereas women contain more

white blood cells including granulocytes and B- and T-

cells. Men are known to have faster wound healing and

have higher pain threshold. Due to vasoconstriction,

women have cooler outer but warmer inner layers of the

skin, giving them lower heat loss.

In addition, women have smaller kidneys [40] con-

taining 15% less glomeruli [41], and such differences

become most evident after reaching sexual maturity [42].

This is accounted for by hypertrophy of the cells in proxi-

mal and, to a lesser degree, distal tubules in response to

male androgens [43]. As a result, blood flow via the kidney

is higher in men, whereas women have higher tone of renal

vessels, which is also mediated by sex hormones [44].

There is data showing that men’s brain has larger

volume when size-adjusted to body weight [45]. The bed

nuclei of terminal stria and interstitial nuclei of the ante-

rior hypothalamus are twice bigger in men and contain 2-

fold more neurons (interestingly, transsexual subjects

have characteristics of the “chosen” sex rather than the

one they were born with). It was demonstrated that bod-

ies of myelinated axons are longer in men [46], and the

number of synapses per cubic millimeter in cortex was

more by 33% [47]. It should be noted that studies on gen-

der differences are numerous yet controversial; therefore,

any conclusions on occurrence or lack of differences must

be taken with some skepticism.

Differences at cell level. Physiological and anatomi-

cal differences between men and women both in normal

and pathological settings also imply differences in energy

turnover. It is clear that men demand higher oxygen con-

sumption due to differences in structure of muscles,

brain, heart functioning, temperature regime, and oxygen

capacity of blood. Moreover, the most obvious differences

among diseases are observed in a group of cardiovascular

pathologies and inflammatory reactions, wherein a signif-

icant, if not leading, impact is commonly accepted to be

played by mitochondria [48]. Due to this, it is conven-

tional to assume that men and women might have differ-

ences in terms of mitochondrial functions, redox home-

ostasis, and response to oxidative stress.

It has been demonstrated that in women basal

metabolism adjusted to body cell mass is lower than in

men [49-52]. The system of oxygen transport also

depends on gender: partial oxygen pressure at 50% O2-

saturation of hemoglobin is significantly higher in women

than in men [53], which is imposed upon already men-

tioned low number of erythrocytes and overall hemoglo-

bin. A series of studies showed that cells derived from men

are observed to have redox state shifted towards more oxi-

dized state compared to women [54].

In particular, smooth muscle cells in blood vessels

from healthy male rats were found to have higher concen-

tration of hydrogen peroxide, whereas females contained

higher concentration of reduced glutathione and higher

activity of superoxide dismutase and catalase [54-56].

Moreover, rats were shown to have upregulated amounts

of carbonylated proteins in male vs. female rat liver [57]

and brain [58].

Smooth muscle cells in blood vessels isolated from

male rats were less resistant to UV-induced oxidative

stress compared to the cells from females: males were

noted to have cells containing higher levels of 4-hydroxy-

nonenal (4-HNE) (a product of membrane lipid oxida-

tion). In addition, more cells from male rats were found

to die by anoikis (a type of apoptosis related to losing con-

tact with basal membrane), whereas female cells were

resistant to it and were more prone to autophagy rather

than to apoptosis. It is suggested that upregulated con-

centration of reactive oxygen species (ROS) in male cells

can activate some metalloproteases, causing degradation

of some proteins required for resistance to anoikis. It has

been demonstrated that in male cells oxidative stress

results in more pronounced drop of such enzymes com-

pared to females [54].

It has been well examined that autophagy, mitochon-

drial functioning, oxidative stress, and apoptosis are linked

to heart and liver diseases, diabetes, and other pathologies

[59, 60]. Moreover, it was also observed in terms of gender

differences: it was demonstrated that autophagy markers

are differently expressed in various tissues depending on

gender. On average, males express more such markers that

might be related to elevated concentration of ROS [61].

However, oxidative stress or starvation result in upregulat-

ed number of autophagy markers in females, but they

decline in males, which is accompanied by a greater ten-
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dency to apoptosis as shown in cultured neurons, fibro-

blasts, and vascular smooth muscle cells [54, 62, 63].

It has been found [55] that in males, vascular smooth

muscle and endothelial cells had lower expression of

RLIP76-transporter required for energy-dependent

transport of various substances out of the cells, including

GS-HNE, a product of lipid oxidation, which can be

accumulated which results in apoptosis. Hence, male

cells were more sensitive to the effect of hydrogen perox-

ide, and males had higher concentration of 4-HNE both

in control and under stress. Interestingly, in females,

estrogen caused almost 2-fold upregulated expression of

RLIP76, but it had no effect in males. Similarly, addition

of anti-RLIP76 antibodies or specific siRNA abolished

protective effects in females as well as decreased amount

of reduced glutathione, but had no effect in males. This

quite convincingly demonstrates that differences between

females and males are not only of quantitative, but also of

qualitative character, and it is obvious that the major

defense mechanisms against oxidative stress in males are

not based on activity of this protein compared to females.

Even more representative was the case with animals

mutated for the histone deacetylase 5 gene (HDAC5)

resistant to applied stimuli: such modification also induc-

ing disturbed functions and morphology of heart mito-

chondria was lethal in 100% of males, but in only 25% of

females. Estrogen administered to transgenic males low-

ered mortality rate to the level observed in females [64].

Differences mediated by hormonal background.

Because sex hormones play quite extensive and important

roles without “narrowing” the range of their functions,

they were not examined above. It is commonly believed

that it is estrogen (as a major female hormone) that pro-

vides resistance to diseases in women, whereas testo-

sterone (as the major male hormone), in contrast,

accounts for severe manifestation of diseases in men.

Female mice more easily overcome myocardial infarction,

and administration of testosterone worsens outcome,

whereas in males administration of estrogen affords pro-

tective effect [15]. Androgens elevate blood pressure in

males, whereas castration decreases it [65, 66]. Moreover,

castration of male rats lowers renal injury during ischemia,

whereas excision of ovaries in females aggravates the

injury. Testosterone administered to males and females

lacking reproductive glands potentiates injuries, whereas

estrogen attenuates injury in ovariectomized females [9].

Treatment of postmenopausal women with estrogen ame-

liorates the manifestation of some types of renal failure

[67]. This data cannot be explained by antioxidant proper-

ties exhibited by estrogen itself, as its concentration in the

blood serum is quite low.

Estradiol displayed remarkable cardioprotective

effects in a model of cardiac trauma in rats, which are also

mediated by the influence of the hormone on mitochon-

drial transcription factor A (TFAM), ATP metabolism,

and mitochondrial functioning [68].

It is believed that estrogen and testosterone regulate

activity of NADPH oxidase, which in females and males

results in downregulated and upregulated production of

ROS, respectively [69, 70].

Giordano et al. showed that astrocytes from male

mice and rats are more sensitive to oxidative stress com-

pared to females. It is considered that this effect is related

to expression of paraoxonase 2 (PON2) as an antioxidant

protein associated with mitochondria, which was higher in

the brain from animals of a control group, but not in males

or castrated animals. Cells knocked out by the gene encod-

ing this protein in males and females did not differ in terms

of sensitivity to prooxidants such as hydrogen peroxide or

2,3-dimethoxy-1,4-naphthoquinone. Estradiol caused

upregulated expression of this protein in both genders and

enhanced cell resistance to stress triggered by these agents,

but it did not affect PON2 knockout cells [71].

Sex hormones display multifaceted regulatory func-

tions. Gender-dependent differences considered as the

most interesting in the light of the discussed pathologies

are summarized in Fig. 2. In particular, females contained

glycogen synthase kinase 3β (GSK3β) inactivated via

phosphorylation, which is a key enzyme in signaling

mechanisms in ischemic injury and anti-ischemic defense

[72, 73]. Also, the p38 MAPK signaling pathway is more

inactivated in females, and they have lower levels of

proinflammatory cytokines TNFα, IL-1, IL-6 [74, 75].

On the contrary, endothelial NO synthase is activated in

females [76, 77]. Altogether, these changes are related to

defense of various tissues against ischemic injuries.

Study done on expression of the genes associated

with mitochondrial functioning demonstrated that gen-

der differences vary over the lifetime and differ with age

[78]. In particular, young females and males differed by

expression of genes associated with metabolism of fatty

acids and apoptosis. At mature age, differences in expres-

sion of genes encoding pyruvate dehydrogenase complex

added up, and the difference in apoptotic genes becomes

more distinct (males are found to have upregulated

expression of proapoptotic genes). By old age, differences

in expression of genes encoding products of oxidative

phosphorylation, particularly complex I and IV, are more

upregulated in females. This study agrees both with

assumptions regarding differences in mitochondrial

metabolism peaking with age and numerous evidences

that male cells are more prone to apoptosis.

Expression of the genes responsible for metabolism of

fatty acids was more upregulated in females than in males

upon hypertrophic response to exercise, which may point

at a role of gender differences in terms of availability of

energy substrates in the heart [79, 80]. Similar suggestions

followed from a study particularly demonstrating that a

shift towards using ketone bodies and fatty acids as energy

substrates was more pronounced in age-related male vs.

female brain, and estradiol antagonized such changes in

favor of glucose oxidation [81]. Sterilization of females
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resulted in profoundly reduced glucose consumption and

elevated utilization of ketone bodies and fatty acids [82].

There is data suggesting that estrogen receptors can

be activated by various growth factors, not just estrogen

alone. Moreover, in various tissues peak activity of these

receptors can be observed at different phases of the ovar-

ian cycle in females, regardless of total concentration of

estrogens [83].

Clinical data regarding influence of hormone thera-

py on diseases in humans are not as unambiguous as in

animals. Men suffering from prostate cancer and under-

going androgen suppression or estrogen therapy also had

higher risk of developing cardiovascular diseases [84-86].

Moreover, men with low testosterone level had higher, but

not lower, risk of developing cardiovascular diseases com-

pared to healthy men [87]. Interesting studies were done

with transsexual individuals: male-to-female transsexual

subjects treated with estrogens and anti-androgens were

found to have higher rate of cardiovascular diseases than

female-to-male transsexual subjects receiving testo-

sterone or the control population [88].

Indeed, among women mortality from cardiovascu-

lar diseases starts to grow after menopause, but such

changes are not as pronounced as lowered malignancy of

mammary neoplasms during this period of life [89]. This

suggests that altered pattern of mortality causes can just

reflect age-related processes and has no direct link to a

declined level of estrogens. In addition, cardiovascular

diseases are characterized by a long-term latent period

preceding clinical manifestations. Alternatively, it can be

assumed that a greater role is played by accelerated course

of latent stage of disease in men at early age rather than

proper or attenuated defense of women during the pre-

menopausal or postmenopausal period, respectively.

Genetic differences. All the above-mentioned points

to an important role for sex hormones in discussed differ-

ences between genders. However, it is important to

understand that the cells from men and women also differ

genetically at the level of sex chromosomes.

Approximately 200 genes are found on the Y-chromo-

some, among which 72 genes encode proteins. Such a

small number of genes is related to the fact that Y-chro-

mosome bears a very high level of mutations caused by

high number of deletions occurring upon maturation of

spermatozoa as well as due to high levels of oxidative

stress due to their active motility. In addition, it is overlaid

Fig. 2. Range of signaling pathways somehow influenced by estrogen that might be responsible for higher resistance to diseases in females vs.

males. Left: mechanisms responsible for antiapoptotic signals and providing higher cell viability are depicted; estrogen stimulates these path-

ways. Right: potential pathological or even “lethal” estrogen-inhibited signals for cells are depicted.
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by an extremely ineffective selection due to inability to

recombine with the X-chromosome. Altogether, this

results in gradual transfer of vital genes onto the X-chro-

mosome, whereas the genes required exclusively in males

and, perhaps, harmful to females stay on the Y-chromo-

some. In the light of these data, it can be assumed that

these genes are harmful for males as well, but required for

some reason. It is predicted that quite soon in evolution-

ary terms the human Y-chromosome would lose all its

genes. Among mammals, there are several species that

came down to this stage, e.g. the mole vole (Ellobius tan-

crei), wherein all individual animals demonstrate XX

phenotype [90], whereas in transcaucasian mole vole

(Ellobius lutescens) all individual animals have X0 pheno-

type [91]. In men, cells lacking a Y-chromosome can

occur with age, which correlates with shortened lifespan

as well as with higher probability to develop some types of

cancer. Nonetheless, this seems to be rather a conse-

quence than a cause of some pathologies [92]. Moreover,

there is no disease unrelated to reproductive function that

has been found to have a link with mutations in the genes

on Y-chromosome. Lack of vital genes on the Y-chromo-

some is quite logical, since half of humanity carries good

life without them.

For the reason that, experimentally, it is easier to

manage the level of hormones than expression of the

genes in sex chromosomes, the impact by hormones is

much more examined and understood compared to direct

effect of genes on sex chromosomes. Direct influence of a

genetic component was evidenced by medical statistics on

mortality of prepubertal children as well as numerous

cases of physiological differences often being already

observed postnatally and potentiated after pubertal matu-

ration. However, one should not forget that it is mainly

impossible to distinguish between these two effects:

impact by sex hormones is exhibited already during

embryonic development, so synthesis of testosterone

begins in the mid-first trimester of pregnancy, whereas

XY-carriers with disturbed testosterone metabolism can

phenotypically look like females [93]. Even relatively low

level of sex hormones found before pubertal maturation

or during embryonic development might significantly

influence all organismal systems. Experiments done on

isolated cell cultures unexposed to direct influence of

blood hormones can be collateral evidence for direct

impact of a genetic component. However, again one

should not rule out that before isolating cells, hormones

might exhibit epigenetic regulatory effects.

GENDER-RELATED INFLUENCE

ON MITOCHONDRIAL FUNCTIONS

By considering an impact of mitochondria on gender

differences, it should be noted that mitochondria are

inherited as much as possible in a gender-related manner:

in mammals, mitochondria are stringently inherited

along maternal lineage. Evolutionary reasons for this were

discussed in detail elsewhere [94] and, presumably, they

are mostly accounted for by the need to exclude a “tug-

of-war” between paternal and maternal mitochondrial

genomes, which would inevitably result in “selfish”

behavior of semiautonomous organelles and decreased

overall body fitness. Moreover, it is related to a higher lev-

els of oxidative stress applied to mitochondria in male

gametes due to their active motility [94].

In humans, the mitochondrial genome encodes only

37 out of around 1000 genes required for their functioning

[95]. Disturbed mutual “coordination” between nuclear

and mitochondrial genomes [96] is related to a number of

pathologies that gave rise to the term “mother’s curse”

[97, 98], i.e. disturbed functioning of cells and tissues in

males due to discoordinated activity between “paternal”

nuclear and “maternal” mitochondrial genomes. Around

500 mutations both in coding and non-coding regions

have been found in human mitochondrial DNA that are

somehow associated with various diseases [99-103].

The nuclear genome symmetrically inherited from

both parental organisms allows incorporation during

selection of both paternal and maternal features of physio-

logy and metabolism. However, maternally inherited

mitochondria create asymmetry: efficient selection

becomes possible only along the maternal lineage. This

seems not to be a problem if a trait is common for men

and women. However, if there were mutations harmful

only to men, but not to women, then they would mainly

escape selection unless they are not lethal. Primarily, it

would unambiguously be applied to systems related to

male reproductive function [100, 104, 105]. As a result,

mutations specifically influencing the male organism

would be accumulated in the mitochondrial genome [97,

106-110]. In the light of the data presented above, it can

be assumed that mitochondria from females and males

are not on the same page. Therefore, it would be quite

possible to assume that there might exist mutations detri-

mental to males, but not to females.

Experiments with Drosophila flies having identical

nuclear genome, but various mitochondria, showed that

the latter profoundly affected lifespan and aging in males,

but not females [109]. Moreover, by comparing mito-

chondrial genomes it was demonstrated that such pheno-

typic effect was rather linked to the number of small

mutations distributed along the mitochondrial genome

than mutations in any particular gene.

Technically, investigation of this effect in mammals

is a much more complex issue. Nonetheless, male but not

female mice with elevated number of mitochondrial

mutations (due to modified mitochondrial DNA poly-

merase) were first shown to have significantly increased

arterial blood pressure [111].

In turn, it might be a reason for males of most species

with maternally inherited mitochondria to have shorter
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lifespan and early aging [98, 99, 102, 110, 112-114], as

well as being more vulnerable to various diseases due to

inability for rapid and proper selection of mitochondrial

mutations, which are neutral (or even positive) for

females, but detrimental to males. Now, two potential

compensatory mechanisms lowering the influence of

“mother’s curse” are expected. First, frequent inbreeding

might create a sufficient indirect pressure on females for

selection of such mutations. Second, another potential

mechanism includes compensatory mutations within the

nuclear genome to be selected in the male population

[110]. This is why study on Drosophila was done by using

flies having stringently similar nuclear genome, to avoid

its influence.

It should be noted that another existing type of

maternal inheritance known as inheritance of microbiota

occurs, which is the assortment of microorganisms, pri-

marily bacteria, inhabiting various niches of the multicel-

lular organism. The impact of microbiota on the organ-

ism and various diseases is currently being extensively

investigated and well appreciated [115]. At the same time,

there is a viewpoint considering a parallel between bacte-

ria and mitochondria, i.e. their assemblies known as

microbiota and mitobiota [116]. In this case, the logic

regarding “mother’s curse” stated above for mitochondria

can be applied to microbiota as well, as due to physiolog-

ical reasons (passage through the birth canal, feeding with

mother’s milk) progeny obtains microbiota primarily

from females.

GENDER AND AGING

A great body of data suggests that there is a connec-

tion between gender and aging. Both medical statistics

and experimental data suggest the following: men age

faster. In women, the onset for many diseases is shifted

forward at least 5-10 years [2-7]. Moreover, earlier we

provided evidence that men and women not only age with

various speeds, but also differ in terms of age-related

changes occurring in some pathways of their metabolism

[78].

The mitochondrial theory of aging is in good agree-

ment with the presented data – a large part of the differ-

ences between men and women mentioned above is pre-

cisely in mitochondrial functions. This raises a question:

would it not be accounted for by some evolutionary

necessity? On one hand, such differences might be

explained by the mentioned “mother’s curse” and inabil-

ity to efficiently “adjust” female mitochondria (and, per-

haps, female microbiota) to the features of the male

organism during evolutionary selection. On the other

hand, it might be supposed that a reason for this lies in

different metabolic rates in females and males. At pres-

ent, it is known that often the rate of basal metabolism

inversely correlates with lifespan [117], which was con-

firmed in a huge number of studies examining the influ-

ence of caloric restriction on lifespan [118]. Given that, it

is reasonable to assume that females live longer due to

lower energy consumption [50-52], whereas, for the same

reason, males “burn down” faster.

Finally, another possible explanation is based on the

supposed evolutionary sense of aging. It is believed that

aging is necessary for increasing selection pressure on new

mutations, positive and negative, which barely affect a

healthy and young organism, but may substantially influ-

ence a weakened subject. It should be noted that fecundi-

ty rate in men and women can differ by an order of mag-

nitude. In particular, the highest fecundity rate in females

was around 60 children, whereas in males – approxi-

mately 800 children. It is considered that male/female

ratio at ∼1 : 10 is sufficient to maintain normal popula-

tion. According to the evolutionary theory of gender

[119] and some theories of gender selection [120], an evo-

lutionary pressure on males might be increased via aging

and lowered resistance to diseases. By using a hypotheti-

cal aging program [121], it is possible to increase selection

of males reducing their redundancy, thereby accelerating

adaptation and evolution of species as a whole, whereas

females are considered as a very precious resource from

the point of maintaining population, and their loss might

have been more detrimental. Moreover, due to a

menopause (evolutionary aspects are also discussed in

[122]) in human (and some other species) women over 50,

in fact, are no longer involved in reproduction, whereas

men retain reproductive capacity over entire lifetime.

This results in an idea that aging in postmenopausal

women lacks evolutionary “reason”, as they already

ceased to be considered as subjects of evolution compared

to men. Overall, a clear-cut increased tolerance and

death risk, which are programmed in males, fairly fit in

the general idea of phenoptosis as a death program [121].

In this review, we did not intend to provide an ency-

clopedic enumeration of all known gender differences,

but attempted to delineate phenotypic manifestations of

them at different organizational levels to fuel further

analysis of mechanisms of gender influence on the mani-

festation of diseases and organism aging. In particular,

evidence presented here give reason to believe that overall

changes in energy turnover and mitochondrial functions

in particular are among the main causes underlying gen-

der differences. This is in good agreement with known

data regarding mechanisms of many developing diseases.

Asymmetry in the manifestation of diseases and the aging

process between genders creates a unique setting: it

becomes possible to examine features of healthy individ-

uals unaffected by already ongoing pathologies, which

will determine either resistance or predisposition to dis-

eases in the future. Thus, studies on differences of disease

manifestation occurring in both genders are necessary not

only to take them into consideration while designing

pharmaceuticals and applying treatment depending on a
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patient’s gender, but also for proposing novel therapeutic

approaches based on a transfer of natural resistance of the

more protected gender to the more vulnerable gender.

This study was performed with financial support by

the Russian Science Foundation (project No. 14-15-

00147).
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