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Chapter 10
Costs of Reproduction, Health, and Life Span 
in Women

Grazyna Jasienska

Abstract  Reproduction in females is costly: pregnancy, breast-feeding, and child-
care require energy, and thus energetic costs are indispensable feature of reproduc-
tion. Pregnancy and lactation also require many physiological changes, including in 
maternal immune system and increased levels of oxidative stress. Finally, genes 
involved in encoding traits related to reproduction often have multiple functions. 
Some of these genes have alleles that support reproduction but also increase risk of 
diseases later in life, and their carriers have higher mortality.

Results of studies testing relationships between reproduction and health and 
reproduction and life span are contradictory, possibly due to methodological prob-
lems and theoretical framework problems. There is a need for studies that would 
analyze these relationships at both genetic and phenotypic levels, and that would 
comprehensively calculate costs of reproductive investment, including not only 
number of children but also birth spacing, lactation, childcare, and extended repro-
ductive effort.

10.1  �The Principle of Allocation

Parental investment is costly and costs of reproduction are higher for human females 
than for males due to energetic and nutritional requirements of pregnancy and lacta-
tion, and traditionally female-dependent childcare. Energetic costs of pregnancy 
result from fetal growth, growth and maintenance of maternal supporting tissues, 
and maternal fat accumulation (Blackburn and Loper 1992). Energetic demands of 
lactation are a consequence of milk synthesis and the maintenance of metabolically 
active mammary glands (Lunn 1994). Human children require support also after 
weaning and in traditional societies became independent at about 15 years of age 
(Kramer 2005).
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If resources are limited, allocation to one function can only occur at the expense 
of other functions (Zera and Harshman 2001), and competition for common 
resources results in trade-offs among life history traits. Increased allocation to cur-
rent reproduction should result in reduced future reproduction and/or reduced life 
span. Pregnancy and lactation take energy and nutrients away from other processes 
and cause multiple metabolic changes. Thus it is expected that female physiology 
will be negatively affected by the reproductive effort. Repeated reproductive events 
may negatively affect maternal health, especially at older age, and, ultimately, 
increase risk of mortality.

10.2  �Energetic Costs of Menstrual Cycle and Pregnancy

Ovarian and uterine function in adult females must be constantly maintained. This 
maintenance requires energy but is not very expensive. During several days of the 
luteal phase of the cycle, an increase of 6–12 % in the resting metabolic rate has 
been reported in some women (Bisdee et al. 1989; Curtis et al. 1996; Meijer et al. 
1992). An average basal metabolic rate (BMR) for a woman from an industrialized 
country is 1300 kcal/day (Leonard 2008); thus the increase due to menstrual cycle 
is between 70 and 150 kcal/day. Some additional energy beyond the regular meta-
bolic needs is required to support regular menstrual function (Strassmann 1996a, b); 
these costs, however, are negligible in comparison to the much higher energetic 
demands of pregnancy and lactation.

For well-nourished women from industrialized countries, the estimated costs of 
pregnancy constitute an expense of an extra 90, 290, and 470 kcal/day, respectively, 
for the first, second, and third trimesters (Butte and King 2005). During the last 
trimester, the woman may require up to 22 % of additional energy over the prepreg-
nant values (Butte et al. 1999).

10.3  �Costs of Lactation and Childcare

The cost of lactation is a very important variable in calculations of total reproduc-
tive costs because, on average, 1 day of lactation places higher demands on maternal 
energetics than 1 day of pregnancy. Costs of lactation change with the age of the 
infant (Rashid and Ulijaszek 1999) and the frequency of daily feedings, but, on 
average, lactation requires additional 626 kcal/day (Butte and King 2005) and may 
last for a few years. Lifetime costs of lactation are usually neglected by research 
analyzing relationships between fertility and longevity of women. Data on duration 
of breast-feeding for individual women are not available from historical demo-
graphic records, and omissions of these costs may significantly bias the results of 
research on reproduction and longevity. Errors may be substantial when women 
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from different socioeconomic classes are compared, since it is likely that there was 
a considerable variation in breast-feeding practices among such groups.

In addition to costs of pregnancy and lactation, there are also often significant 
costs which are associated with childcare or with an increase in intensity and dura-
tion of work necessary to obtain resources to support each additional child (Sujatha 
et al. 2000). Estimates of these costs are hard to find as well. Women who do not 
have any additional help clearly spend more time and energy as the number of chil-
dren increases. However, as children grow older, they are able to provide childcare 
to younger siblings and become involved in housework, agricultural work, or work 
for wages (Biran et al. 2004; Kramer 2002; Nag et al. 1978). Therefore, the relation-
ship between the number of children and the maternal costs of childcare is clearly 
not straightforward.

10.4  �The Intergenerational Costs: Children 
and Grandchildren

Children not only impose biological costs but also provide some benefits to their 
parents, for example, by contributing labor to the household. In preindustrial societ-
ies, characterized by the absence of pension system or health insurance, having 
children was especially important for elderly parents (Tsuya et al. 2004). How chil-
dren affect parental well-being depends on economic conditions and social structure 
of the population, especially family structure, and behavioral patterns of taking care 
of aging parents. For example, in the Liaoning Province in China between 1749 and 
1909, women had 12 % higher mortality if they did not have any living sons, and the 
risk of mortality for women without sons increased further if women were widows 
(Campbell and Lee 2004). Having children had a positive effect on parental life 
expectancy also in some historical European communities (Tsuya et al. 2004).

Parental investment may continue for many years, and once parents complete 
their direct investment to children, they often became involved in helping to raise 
grandchildren. This prolonged investment requires additional energy and as such 
may increase burden associated with reproductive costs; thus well-being of parents 
is not only influenced by costs and benefits resulting from interactions with their 
children but, in later years, also with their grandchildren. Older people lived and, in 
some societies still do, with one of their children and his or her offspring. Costs and 
benefits of such interactions are important to consider when discussing health and 
mortality risks in relation to reproductive investment. While the impacts of grand-
parents on health and survival of grandchildren are widely studied (Sear et al. 2000; 
Hawkes et  al. 1997; Voland and Beise 2002), less interest has been devoted to 
whether these interactions have any effect on the well-being of grandparents them-
selves. In patrilineal systems, cost and benefits of interactions with grandchildren 
may be different for grandmothers and grandfathers. Expectations toward grand-
mothers may be much higher than for grandfathers and may include childcare or 
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physical labor (Pashos 2000). Grandfathers may feel entitled to a higher share of 
resources than those left for grandmothers which may be especially important when 
resources are scarce, and some studies report higher incidence of malnutrition in 
older females than in older males (Aliabadi et al. 2008). Even in modern families, 
grandmothers are expected to provide more care and support to families, as shown, 
for example, by a study investigating roles of grandparents in support networks in 
neonatal intensive care units in Scotland (McHaffie 1992).

Costs related to interactions with grandchildren may vary for maternal and pater-
nal grandmothers. Maternal grandmothers, due to paternity uncertainty (Hamilton 
1964), are expected to contribute more toward children of their daughters than to 
children of their sons. This prediction has been confirmed by many studies docu-
menting that maternal grandmothers are more often the primary caregivers (Euler 
and Weitzel 1996; Michalski and Shackelford 2005; Sear and Mace 2008). Several 
studies documented benefits for grandchildren living with maternal grandmothers 
and lack of such benefits when children live with their paternal grandmothers 
(Hawkes et al. 1997, 1998; Jamison et al. 2002; Sear et al. 2000; Voland and Beise 
2002). It is very likely that providing such benefits for children is not cost-free for 
their grandmothers. Childcare and resource acquisition are energetically demanding 
and may negatively affect nutritional status of grandmothers.

10.5  �Reproductive Costs and the Overall Energy Budgets

Female zebra finches that are experimentally forced to have high costs of reproduc-
tion by laying more eggs do not seem to suffer negative metabolic consequences, 
provided that their diets are supplemented (Bertrand et al. 2006). It is not clear if 
similar relations should be expected for human females, but it is likely that high 
costs of reproduction will not have the same effects on women who have good diets 
and low levels of physical activity as on women in poor energetic condition.

Basal metabolism, measured by basal metabolic rate (BMR), is expected to rise 
in women who are pregnant or nursing a child. The BMR of a pregnant woman 
should increase during each of the four quarters of pregnancy, respectively, by about 
3, 7, 11, and 17 % above the prepregnant values (Hytten and Leitch 1971). Empirical 
data usually support these theoretical predictions but only in women who have good 
nutritional status (Butte et al. 1999; Durnin 1991, 1993; Lunn 1994; Prentice and 
Prentice 1990; Prentice and Whitehead 1987). However, in limited energy environ-
ments, the physiology of women who are already pregnant or lactating may be 
forced to rely on energy-saving strategies in order to support energetic demands of 
the fetus or infant (Peacock 1991). Reallocating more energy to reproduction could 
be achieved by reduction in the maternal basal metabolism (Peacock 1991; Prentice 
et al. 1989, 1995).

In pregnant women from Scotland and Gambia, who are in poor nutritional con-
dition, the BMR showed a significant decrease up to the 12th week of pregnancy. 
Later BMR increased and approached the prepregnant values by 22–26 weeks and 
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continued to rise further, but even at delivery it was still much lower than the BMR 
of well-nourished Swedish women (Prentice and Whitehead 1987). Pregnant 
Nigerian women showed significant variability in BMR, which corresponded to 
variability in their nutritional status (Cole et al. 1989). Even well-nourished Western 
women show significant variation in the BMR responses to pregnancy paralleling 
differences in their prepregnant body fat (Prentice et al. 1989), and maternal adipose 
reserves serve as highly significant predictors of changes in the BMR (Bronstein 
et al. 1996). Reduction in the BMR at the beginning of pregnancy seems to be an 
important strategy for women in poor nutritional condition. Lowering the BMR 
considerably reduces energetic costs of pregnancy and allows women to allocate 
some energy into fat storage which may be critical for the energetic support of 
lactation.

Lactation is predicted to cause, on average, a 12 % increase in the BMR above 
the nonpregnant values (Hytten and Leitch 1971); however, during lactation, the 
BMR has been observed to increase, decrease, or remain at prepregnant levels 
(Forsum et al. 1992; Goldberg et al. 1991; Guillermo-Tuazon et al. 1992; Lawrence 
and Whitehead 1988; Madhavapeddi and Rao 1992; Piers et al. 1995). Variation in 
the BMR during lactation can be explained by differences in the nutritional status of 
the women (Prentice and Prentice 1990). Women from the Gambia during the first 
year of lactation showed a 5 % decrease in the BMR compared to the prepregnant 
values which saves about 200 kcal/day (Lawrence and Whitehead 1988). In com-
parison to women who increased their BMR during lactation, savings add up to 
about 380 kcal/day. The saved energy can be allocated into milk production. The 
savings from the reduction of the BMR, although not sufficient to cover the whole 
expense of lactation, are still substantial, since average daily cost of milk produc-
tion for women in developing countries is about 480 kcal (Lunn 1994).

Reduction in basal metabolism suggests that some of the metabolic processes 
(e.g., components of the maintenance metabolism, like protein turnover, or immune 
function) are temporarily slowed down or even halted (King et al. 1994; Prentice 
and Whitehead 1987); thus a long-term reduction in the BMR may be detrimental 
to the maternal health.

10.6  �Reproduction and Life Span

The question about the impact of reproduction on life span has been addressed by 
many epidemiological and historical demography studies (for review see Le Bourg 
2007). Several studies described a U-shaped relationship between the number of 
children and risk of mortality (Green et al. 1988; Lund et al. 1990; Manor et al. 
2000). In the historical Swedish population (1766–1885), the number of children 
ever born by a woman had a negative impact on maternal longevity (Dribe 2004). 
Giving birth to four or more children increased maternal mortality by 30–50 % in 
comparison to women with fewer children. Having four or five children, instead of 
none or one, shortened the woman’s life span by 3.5 years. However, the negative 
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impact of parity was restricted only to landless women, while those with better 
socioeconomic status were not affected by reproductive costs at all.

In a historical population of northwest Germany (1720–1870), the number of 
children had a negative impact on longevity but only for the group of poor, landless 
women (Lycett et al. 2000). Among other women, with higher economic status, a 
positive relationship between the number of children and longevity was described 
suggesting that trade-offs between costs of reproduction and longevity apply only 
for those women for whom such costs are a substantial part of their overall energy 
budget.

Gender of children may also be an important variable to consider when analyz-
ing the costs of reproduction and longevity. Boys have faster rate of intrauterine 
growth and heavier average size at birth (Loos et al. 2001; Marsal et al. 1996) and, 
given larger body size, perhaps higher lactational demands (Hinde 2007). Women 
have longer interbirth intervals after giving birth to a son than after giving birth to a 
daughter (Mace and Sear 1997), and offspring born after brothers have lower birth 
weight (Cote et al. 2003), lower height at adulthood (Rickard 2008), and also lower 
number of surviving children (Rickard et al. 2007) than those born after sisters (but 
see Puskarczyk et al. 2015). This suggests that having sons may be more energeti-
cally expensive for mothers than having daughters and that the maternal organism 
may become more depleted by producing male offspring.

In Finnish Sami (Helle et al. 2002) and a Flemish village (Van de Putte et al. 
2003), sons decreased maternal life span, while daughters did not. In four Polish 
small agricultural villages, however, analyses of parish records from 1886 to 2002 
showed that both the number of sons and the number of daughters decreased mater-
nal life span and did so to the same degree (Jasienska et al. 2006a).

Not all studies documented detrimental effect of reproductive investment on 
maternal life span, and, in fact, a number of studies of historical populations docu-
mented a positive association between the number of children and life span, as, for 
example, in the Amish population (McArdle et al. 2006) and German women of 
higher socioeconomic status (Lycett et al. 2000). In a French-Canadian cohort of 
women (seventeenth and eighteenth centuries), longevity increased with increasing 
number of children, especially for women with the late age at last birth (Muller et al. 
2002), and this may suggest slower rate of ovarian and overall aging in some women 
(Dribe 2004). Others did not find either positive or negative significant relationships 
between the number of children and life span of mothers (e.g., Le Bourg et al. 1993).

10.7  �Reproduction and Health: Obesity, Diabetes, 
Cardiovascular Diseases, and Osteoporosis

Reproduction requires not only additional energy but also nutrients. In addition, 
physiological and metabolic adjustments (e.g., immunological and increased oxida-
tive stress) associated with pregnancy may cause permanent changes in the maternal 
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organism, especially when pregnancies are numerous. Self-reported health status, a 
reliable predictor of mortality (Idler and Benyamini 1997), is lower for women with 
at least three pregnancies and especially for women with six or more pregnancies 
(Kington et al. 1997). Parity is positively related to the risk of obesity, impaired 
glucose tolerance, non-insulin-dependent diabetes, and cardiovascular diseases.

10.7.1  �Cardiovascular Diseases, Diabetes, and Obesity

Many studies suggested that high parity is related to increased risk of cardiovascular 
diseases. The longitudinal Framingham Heart Study and the National Health and 
Nutrition Examination Survey documented a positive relationship between the 
number of pregnancies and the subsequent development of cardiovascular disease 
(Ness et al. 1993). In British women with at least two children, each additional child 
increased the risk of coronary heart disease by 30 % (Lawlor et  al. 2003). In a 
population-based cohort Swedish study, women with five children had about 50 % 
higher risk of cardiovascular disease than women with two children (Parikh et al. 
2010). Having gone through six or more pregnancies increased the woman’s risk of 
all types of strokes by 70 % (Qureshi et al. 1997).

The risk of diabetes may increase with parity as well. Among rural Australian 
women, those with five or more children had 28 % higher risk of diabetes than 
women with three or four children and 35 % higher risk than women with one or two 
children (Simmons et  al. 2006). In Finnish women, parity of five or higher was 
related to 42 % higher risk of diabetes compared to the average risk experienced by 
women in this population (Hinkula et al. 2006). In Brussels, both parity and early 
age at first birth were associated with diabetes-related mortality in women 
(Vandenheede et al. 2012).

Pregnancy is a risk factor for obesity, and postpartum weight retention occurs in 
60–80 % of women (Martin et al. 2014). In a study of the US women, each birth was 
associated with a 0.55 kg of permanent increase in body weight (Brown et al. 1992), 
while other studies reported that maternal body weight increased by 0.4–3.0 kg after 
each pregnancy (Harris and Ellison 1997). Among women with parity of three or 
more, a higher proportion was overweight than in women with lower parity. In 
women from Utah, a dose–response relationship was observed between the number 
of children and risk of obesity (Bastian et  al. 2005): each additional live birth 
increased the risk of obesity by 11 %. In a study based on data from 65 countries, 
sustained breast-feeding contributed to reduction of postpartum BMI but not among 
relatively wealthy women (Hruschka and Hagaman 2015).

In women from developing countries, however, repeated reproductive events 
cause a reduction of body weight. The “maternal depletion syndrome” refers to the 
long-term negative changes in the maternal nutritional status, as opposed to the 
short-term changes associated with a single pregnancy or breast-feeding (Winkvist 
et al. 1992). In Papua New Guinea, the nutritional status of women decreased with 
parity (Garner et  al. 1994). This maternal depletion occurred even though birth 
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intervals were relatively long (3 years on average) in this population. In Turkana 
from northwestern Kenya, women from both nomadic and settled populations had 
parity-related decline in fat reserves (Little et al. 1992). In another African popula-
tion, the !Kung San, the higher number of surviving children was related to lower 
body weight in women, while in men those with more surviving children had higher 
body weight (Kirchengast 2000).

Improvement in socioeconomic status seems to increase the maternal ability to 
resist the stress of repeated reproductive events. In Papua New Guinea, the decline 
in nutritional status was substantial in women who were foraging horticulturalists, 
while such changes were not observed among wage earners (Tracer 1991). Toba 
women from Argentina, a well-nourished population undergoing a transition from 
semi-nomadic hunter-gatherer to a sedentary, peri-urban lifestyle, did not lose 
excess weight gained during pregnancy despite prolonged and intense breast-
feeding (Valeggia and Ellison 2003).

10.7.2  �Bone Density and Osteoporosis

During pregnancy and lactation, high levels of calcium are required to support the 
child’s developing skeleton. Such high calcium requirements are often met by 
mobilization of calcium from the skeleton of the mother (Prentice 2000); thus it can 
be hypothesized that women who had high number of pregnancies and breast-fed 
their children would have lower bone mineral density and therefore higher risk of 
osteoporosis. Each pregnancy causes 3–4.5 % decrease of bone mineral density in 
the lumbar region (Black et al. 2000; Drinkwater and Chestnut 1991). Bone mineral 
density is regarded as reliable predictor of bone strength (Karlsson et al. 2005), and 
a decrease of about 10 % of initial density doubles the risk of fractures in women 
(Cummings et al. 1995). Lumbar bone density decreases further by 3–6 % during 
lactation (Karlsson et al. 2001; Laskey and Prentice 1997). Changes in bone density 
occurring during pregnancy and lactation are reversible (Karlsson et  al. 2005; 
Laskey and Prentice 1997), at least in women from industrialized populations, and 
there seems to be no consistent relationship between the number of children and 
bone mineral density (Bererhi et al. 1996). The absence of such relationships may 
be due to a rather low fertility of women from industrialized countries. A large study 
in Italy, with over 40,000 participants, did not show any effects of having children 
on bone density, but it compared women who never had a full-term pregnancy to 
women who only had one or two children (De Aloysio et al. 2002). Among Tsimani 
women, forager–farmers of lowland Bolivia, higher costs of reproduction (higher 
parity, shorter interbirth intervals, and earlier age at first birth) were associated with 
reduced bone mineral density (Stieglitz et al. 2015).

The relation between parity and bone health could be confounded by lifetime 
estrogen status of women. Estrogen has positive effect on bones, and estrogen defi-
ciency plays a crucial role in the development of osteoporosis (Raisz 2005); thus the 
number of menstrual cycles during which estrogen is produced should be positively 
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related to bone mineral density (Somner et  al. 2004). Early menarche and late 
menopause increase the total time during which women can become pregnant. Bone 
mineral density is positively correlated with the length of reproductive span. In 
natural fertility populations, women who have high parity also have the longest 
reproductive life spans.

In women who are in good nutritional condition, a negative effect of high parity 
on bone density may be not detectable, since it is counterbalanced by the effect of 
having many high-estrogen cycles which are beneficial for bone health. The protec-
tive effect of parity on hip bone mineral density was shown, for example, in a study 
on Amish women with high parity (7.6 live births on average) (Streeten et al. 2005). 
In these women parity correlated positively with the later age at menopause and 
higher cumulative estrogen exposure (calculated as the age at menopause minus the 
age at menarche). In addition, parity increase body mass and overweight women 
have more adipose tissue, which produces aromatase, an enzyme converting andro-
stenedione to estrogens. This suggests that high-parity women may have, due to 
greater weight gain, higher levels of estrogen in postmenopausal years (Bray 2002), 
which promote higher bone density (Alden 1989; Nguyen et al. 1995).

10.8  �Reproduction and Risks of Reproductive Cancers

Lifetime costs of reproduction are related to an increased risk of cardiovascular 
disease, diabetes, and stroke even in women who are in good nutritional status. Why 
then studies show contradictory results on the association between reproductive 
investment and mortality in women? These contradictory results may be explained 
by the fact that the same features of reproductive life which involve the highest 
metabolic and physiological costs of reproduction, i.e., early first birth and high 
parity, may also serve a protective function, leading to decreased mortality from 
other diseases.

Early age at first reproduction and high number of children are the most impor-
tant factors protecting women against breast cancer and other reproductive cancers 
(Hinkula et al. 2001; Kvale 1992; MacMahon 2006; Mettlin 1999). Breast cancer 
risk is also decreased by breast-feeding (Kvale 1992; MacMahon 2006), especially 
in women from developing countries, because feeding sessions are more frequent 
than in developed countries and mothers are often in relatively poor nutritional 
state. Frequent nursing, however, is unlikely to cause long-lasting ovarian suppres-
sion when the mother is in a good nutritional condition (Valeggia and Ellison 2004). 
For these reasons (low frequency of nursing and good nutritional condition), women 
from economically developed countries, even when they are breast-feeding for a 
long period of time, experience a much earlier resumption of postpartum ovarian 
activity.

It is possible that contradictory findings of studies on relationship between repro-
duction and longevity in women partially result from the fact that reproduction 
increases risk of some diseases (e.g., cardiovascular disease and diabetes) but 
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reduces risk of other diseases (e.g., reproductive cancers). These trade-offs between 
risks of different diseases are not the same in all populations. The risk of breast 
cancer increases due to high, lifetime exposure to estrogens (Bernstein 2002; 
Jasienska et al. 2000; Key and Pike 1988). Early pregnancy, by inducing the dif-
ferentiation of breast tissue, reduces its susceptibility to neoplastic transformation 
(i.e., development of tumors) (Balogh et al. 2006), and each subsequent reproduc-
tive event suppresses menstrual cycles. In addition, the post-pregnancy period is 
characterized by low levels of endogenous estrogens, and it is thought that this may 
further suppress potential tumor growth.

In poor agricultural societies, however, women generally have low levels of 
estrogen and progesterone in menstrual cycles. Low nutritional status and intense 
labor postpone the age of sexual maturation and in later life periodically suppress 
ovarian function (Jasienska 2001, 2003; Jasienska and Ellison 1998, 2004; Panter-
Brick and Ellison 1994; Panter-Brick et al. 1993). Poor developmental conditions 
during fetal and childhood periods are also related to lower hormone levels in adult 
women (Jasienska et al. 2006b, c; Nunez-de la Mora et al. 2007). Therefore, women 
in poor populations have low lifetime exposure to estrogens. In contrast, in eco-
nomically well-off populations, women have high levels of hormones in menstrual 
cycles and only rarely experience ovarian suppression (Ellison et al. 1993). This 
suggests that in well-off women, reproduction may cause reduction in risk of breast 
cancer, while in relatively poor women, risk of breast cancer is low in general, due 
to low lifetime estrogen levels. Thus trade-offs between risks of different diseases 
that occur in relation to reproductive investment are not the same in well-off and 
poor women. In both groups, women with high parity may experience increased 
risks of cardiovascular diseases and diabetes, but in well-off women, these elevated 
risks may be outweighed by significantly decreased risk of breast cancer. Thus, for 
well-off women with high-parity reduction in life span may not be observed.

10.9  �Genetic Trade-Offs Between Reproduction  
and Life Span

Genes involved in encoding traits related to reproduction often have multiple func-
tions. Some genes have alleles encoding traits that support reproduction but also 
increase risk of diseases later in life, and their carriers have higher mortality. Such 
phenomenon when a gene contributes to enhanced reproduction or survival in 
younger age but poorer health in older age is known as antagonistic pleiotropy. 
Well-studied example of a gene that shows antagonistic pleiotropy is a gene ApoE, 
encoding apolipoprotein E that is involved in cholesterol metabolism. Carriers of 
ApoE4 allele have higher levels of cholesterol and, consequently, have a higher risk 
of hypertension and of cardiovascular and Alzheimer’s diseases (Song et al. 2004). 
Some studies suggested that this health-detrimental allele is maintained in popula-
tions because its carriers have some benefits in younger age (e.g., better 
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development of the cognitive function (Filippini et al. 2009) or protection against 
infectious diseases (Oria et al. 2010). Turns out that women with ApoE4 allele have 
higher levels of progesterone in their menstrual cycle which means that they have 
higher potential fertility (Jasienska et al. 2015). This finding suggests that the pres-
ence of selected genes may confound results of studies analyzing relationship 
between reproductive investment and health and life span. Women with ApoE4 
allele may have higher parity and poorer health due to the presence of this allele. 
Poor health in high-parity ApoE4 carriers may have nothing to do with energetic 
and physiological costs of reproduction. Further, this suggests that trade-offs 
between reproduction and health should be studied both at phenotypic and genetic 
levels (Stearns 1989).

10.10  �When Does Reproduction Reduce Life Span?

There is convincing evidence that reproduction is costly and related to long-term 
changes in female physiology; however, a negative impact of reproduction on life 
span is not always expected (Table  10.1). Energetic and metabolic costs of 

Table 10.1  Comparative costs and benefits of reproduction and their impact on health and life 
span in women with high parity but differing in socioeconomic status. In well-off women, 
reproduction increases risks of several diseases (e.g., cardiovascular, diabetes), but these risks are 
offset by significant reduction in risk of breast and other reproductive cancers. In poor women, 
reproduction increases risks of the same diseases, but these women have low lifetime risks of breast 
and reproductive cancers (due to low levels of hormones in menstrual cycles), even when they are 
not reproducing. In addition, in poor women, energetic and nutritional expenses of reproduction 
cannot be easily compensated and may cause more substantial damage to the maternal organism

Poor women Well-off women

Energetic costs of pregnancies High High

Energetic costs of lactations High Low/none

Nutritional ability to meet costs of pregnancy 
and lactation

Low High

Levels of estrogen in menstrual cycles Low High

Risk of maternal depletion High Low

Risk of obesity Low High

Risk of cardiovascular diseases Increased Increased

Risk of strokes Increased Increased

Risk of diabetes Increased Increased

Risk of osteoporosis Not affected Not affected

Risk of breast cancer Slightly 
reduced

Greatly reduced

Risk of uterine and ovarian cancers Slightly 
reduced

Greatly reduced

Life span Reduced Not affected/increased
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reproduction cannot be calculated just by adding up all of the woman’s children 
(Jasienska 2013). Women with a similar number of children often differ in costs of 
lactation, and this difference can be very substantial. They may also differ in their 
ability to meet energetic costs of reproduction, due to differences in lifestyle, dietary 
intake, and physical activity. High costs of reproduction and its negative effects on 
some diseases may be outweighed by reduction in risk of other diseases. The life-
style maintained by women is an important factor to consider, as for some women, 
intense reproduction will substantially reduce their risks of reproductive cancers, 
while for other women, risks of these cancers are relatively low, even when they 
have low parity. Indirect, extended costs of reproduction, such as those paid by 
grandmothers taking care of grandchildren, may also change the overall lifetime 
ratio of costs and benefits of reproduction.

Therefore, in women from rich environments, high parity may not translate into 
reduction in longevity for several reasons. Women with high parity may have rela-
tively low costs of reproduction if they do not breast-feed their children. In many 
European populations, women who had higher socioeconomic status were not 
expected to nurse their children at all, and wet nurses were commonly employed. In 
well-off women, even if they nurse their children, the costs of pregnancy and lacta-
tion are easily met by additional energy intake, especially when there are no ener-
getic demands from physical activity. Furthermore, there are trade-offs between 
reproductive costs and benefits provided by protection against breast cancer. It is 
even possible that in well-off women, benefits may outweigh costs and high fertility 
may, in fact, be related to life span extension. Finnish grand multiparity women had 
higher mortality from all metabolic diseases, especially diabetes and cardiovascular 
diseases, than the average for the population, but these risks were clearly out-
weighed by lower mortality from cancers, since their overall mortality was slightly 
lower than the population average (Hinkula et  al. 2006). A negative relationship 
between fertility and longevity may, therefore, be expected in women who due to 
multiple pregnancies and breast-feeding not only have high costs of reproduction 
but also when these costs cannot be easily compensated by increases in dietary 
intake and reduction in physical activity. The most pronounced negative relation-
ship between reproduction and life span should be expected when the lifestyle (poor 
nutrition and high work demands) of the woman leads to low lifetime estrogen lev-
els, and additional reduction in these levels caused by reproductive events is rela-
tively insignificant.

Study Questions

	1.	 Why do studies on a relationship between lifetime reproductive investment and 
health and life span in women report contradictory results?

	2.	 How would you design a study on a relationship between lifetime reproductive 
investment and health and life span in women? What group/groups of women 
would you study? What kind of data would you collect?

G. Jasienska



171

Acknowledgment  This chapter was supported by grants from the National Science Centre (grant 
no. N N404 273440), Ministry of Science and Higher Education (grant no. IdP2011 000161) and 
grant K/ZDS/006113, Salus Publica Foundation, and Yale University Program in Reproductive 
Ecology.

References

Alden JC (1989) Osteoporosis—a review. Clin Ther 11(1):3–14
Aliabadi M, Kimiagar M, Ghayour-Mobarhan M, Shakeri MT, Nematy M, Ilaty AA, Moosavi AR, 

Lanham-New S (2008) Prevalence of malnutrition in free living elderly people in Iran: a cross-
sectional study. Asia Pac J Clin Nutr 17(2):285–289

Balogh GA, Heulings R, Mailo DA, Russo PA, Sheriff F, Russo IH, Moral R, Russo J  (2006) 
Genomic signature induced by pregnancy in the human breast. Int J Oncol 28(2):399–410

Bastian LA, West NA, Corcoran C, Munger RG (2005) Number of children and the risk of obesity 
in older women. Prev Med 40(1):99–104

Bererhi H, Kolhoff N, Constable A, Nielsen SP (1996) Multiparity and bone mass. Br J Obstet 
Gynaecol 103(8):818–821

Bernstein L (2002) Epidemiology of endocrine-related risk factors for breast cancer. J Mammary 
Gland Biol Neoplasia 7(1):3–15

Bertrand S, Alonso-Alvarez C, Devevey G, Faivre B, Prost J, Sorci G (2006) Carotenoids modulate 
the trade-off between egg production and resistance to oxidative stress in zebra finches. 
Oecologia 147(4):576–584

Biran A, Abbot J, Mace R (2004) Families and firewood: a comparative analysis of the costs and 
benefits of children in firewood collection and use in two rural communities in sub-Saharan 
Africa. Hum Ecol 32(1):1–25

Bisdee J, James W, Shaw M (1989) Changes in energy expenditure during the menstrual cycle. Br 
J Nutr 61:187–199

Black AJ, Topping J, Durham B, Farquharson RG, Fraser WD (2000) A detailed assessment of 
alterations in bone turnover, calcium homeostasis, and bone density in normal pregnancy. 
J Bone Miner Res 15(3):557–563

Blackburn S, Loper D (1992) Maternal, fetal, and neonatal physiology: a clinical perspective. 
W.B. Saunders Company, Philadelphia

Bray GA (2002) The underlying basis for obesity: relationship to cancer. J Nutr 132(11):3451S–3455S
Bronstein MN, Mak RP, King JC (1996) Unexpected relationship between fat mass and basal 

metabolic rate in pregnant women. Br J Nutr 75(5):659–668
Brown JE, Kaye SA, Folsom AR (1992) Parity-related weight change in women. Int J Obes (Lond) 

16(9):627–631
Butte NF, King JC (2005) Energy requirements during pregnancy and lactation. Public Health Nutr 

8(7A):1010–1027
Butte NF, Hopkinson JM, Mehta N, Moon JK, Smith EO (1999) Adjustments in energy expendi-

ture and substrate utilization during late pregnancy and lactation. Am J Clin Nutr 69:299–307
Campbell C, Lee JZ (2004) Mortality and household in seven Liaodong populations, 1749–1909. 

In: Bengtsson T, Cameron C, Lee J (eds) Life under pressure. Mortality and living standards in 
Europe and Asia, 1700–1900. The MIT Press, Cambridge, MA, pp 293–324

Cole AH, Ibeziako PA, Bamgboye EA (1989) Basal metabolic rate and energy expenditure of 
pregnant Nigerian women. Br J Nutr 62(3):631–638

Cote K, Blanchard R, Lalumiere ML (2003) The influence of birth order on birth weight: does the 
sex of preceding siblings matter? J Biosoc Sci 35(3):455–462

Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM, Ensrud KE, Cauley JC, Black D, Vogt 
TM (1995) Risk factors for hip fracture in white women. N Engl J Med 332(12):767–773

10  Costs of Reproduction, Health, and Life Span in Women



172

Curtis V, Henry CJK, Birch E, Ghusain CA (1996) Intraindividual variation in the basal metabolic 
rate of women: effect of the menstrual cycle. Am J Hum Biol 8:631–639

De Aloysio D, Di Donato P, Giulini NA, Modena B, Cicchetti G, Comitini G, Gentile G, Cristiani 
P, Careccia A, Esposito E et al (2002) Risk of low bone density in women attending menopause 
clinics in Italy. Maturitas 42(2):105–111

Dribe M (2004) Long-term effects of childbearing on mortality: evidence from pre-industrial 
Sweden. Popul Stud J Demogr 58(3):297–310

Drinkwater BL, Chestnut CH (1991) Bone density changes during pregnancy and lactation in 
active women—a longitudinal study. Bone Miner 14(2):153–160

Durnin JVGA (1991) Energy requirements of pregnancy. Acta Paediatr Scand 373:33–42
Durnin JVGA (1993) Energy requirements in human pregnancy, in human nutrition and parasitic 

infection. Parasitology 107(l):S169–S175
Ellison PT, Lipson SF, O’Rourke MT, Bentley GR, Harrigan AM, Panter-Brick C, Vitzthum VJ 

(1993) Population variation in ovarian function. Lancet 342:433–434
Euler HA, Weitzel B (1996) Discriminative grandparental solicitude as reproductive strategy. Hum 

Nat 7(1):39–59
Filippini N, MacIntosh BJ, Hough MG, Goodwin GM, Frisoni GB, Smith SM, Matthews PM, 

Beckmann CF, Mackay CE (2009) Distinct patterns of brain activity in young carriers of the 
APOE-epsilon 4 allele. Proc Natl Acad Sci U S A 106(17):7209–7214

Forsum E, Kabir N, Sadurskis A, Westerterp K (1992) Total energy expenditure of healthy Swedish 
women during pregnancy and lactation. Am J Clin Nutr 56(2):334–342

Garner P, Smith T, Baea M, Lai D, Heywood P (1994) Maternal nutritional depletion in a rural area 
of Papua New Guinea. Trop Geogr Med 46(3):169–171

Goldberg GR, Prentice AM, Coward WA, Davies HL, Murgatroyd PR, Sawyer MB, Ashford J, 
Black AE (1991) Longitudinal assessment of the components of energy balance in well-
nourished lactating women. Am J Clin Nutr 54(5):788–798

Green A, Beral V, Moser K (1988) Mortality in women in relation to their childbearing history. Br 
Med J 297(6645):391–395

Guillermo-Tuazon MA, Barba CV, van Raaij JM, Hautvast JG (1992) Energy intake, energy 
expenditure, and body composition of poor rural Philippine women throughout the first 6 mo 
of lactation. Am J Clin Nutr 56(5):874–880

Hamilton WD (1964) Genetical evolution of social behaviour, parts 1 and 2. J  Theor Biol 
7(1):1–52

Harris HE, Ellison GTH (1997) Do the changes in energy balance that occur during pregnancy 
predispose parous women to obesity? Nutr Res Rev 10:57–81

Hawkes K, O’Connell JF, Jones NGB (1997) Hadza women's time allocation, offspring provision-
ing, and the evolution of long postmenopausal life spans. Curr Anthropol 38(4):551–577

Hawkes K, O’Connell JF, Jones NGB, Alvarez H, Charnov EL (1998) Grandmothering, meno-
pause, and the evolution of human life histories. Proc Natl Acad Sci U S A 95(3):1336–1339

Helle S, Lummaa V, Jokela J (2002) Sons reduced maternal longevity in preindustrial humans. 
Science 296:1085

Hinde K (2007) First-time macaque mothers bias milk composition in favor of sons. Curr Biol 
17(22):R958–R959

Hinkula M, Pukkala E, Kyyronen P, Kauppila A (2001) Grand multiparity and the risk of breast 
cancer: population-based study in Finland. Cancer Causes Control 12(6):491–500

Hinkula M, Kauppila A, Nayha S, Pukkala E (2006) Cause-specific mortality of grand multiparous 
women in Finland. Am J Epidemiol 163(4):367–373

Hruschka DJ, Hagaman A (2015) The physiological cost of reproduction for rich and poor across 
65 countries. Am J Hum Biol 27(5):654–659

Hytten FE, Leitch I (1971) The physiology of human pregnancy, 2nd edn. Blackwell, Oxford
Idler EL, Benyamini Y (1997) Self-rated health and mortality: a review of twenty-seven commu-

nity studies. J Health Soc Behav 38(1):21–37

G. Jasienska



173

Jamison CS, Cornell LL, Jamison PL, Nakazato H (2002) Are all grandmothers equal? a review 
and a preliminary test of the “grandmother hypothesis” in Tokugawa Japan. Am J  Phys 
Anthropol 119(1):67–76

Jasienska G (2001) Why energy expenditure causes reproductive suppression in women. An evo-
lutionary and bioenergetic perspective. In: Ellison PT (ed) Reproductive ecology and human 
evolution. Aldine de Gruyter, New York, pp 59–85

Jasienska G (2003) Energy metabolism and the evolution of reproductive suppression in the human 
female. Acta Biotheor 51:1–18

Jasienska G (2013) The fragile wisdom. An evolutionary view on women’s biology and health. 
Harvard University Press, Cambridge, MA

Jasienska G, Ellison PT (1998) Physical work causes suppression of ovarian function in women. 
Proc R Soc Lond B 265(1408):1847–1851

Jasienska G, Ellison PT (2004) Energetic factors and seasonal changes in ovarian function in 
women from rural Poland. Am J Hum Biol 16:563–580

Jasienska G, Thune I, Ellison PT (2000) Energetic factors, ovarian steroids and the risk of breast 
cancer. Eur J Cancer Prev 9:231–239

Jasienska G, Nenko I, Jasienski M (2006a) Daughters increase longevity of fathers, but daughters 
and sons equally reduce longevity of mothers. Am J Hum Biol 18(3):422–425

Jasienska G, Thune I, Ellison PT (2006b) Fatness at birth predicts adult susceptibility to ovarian 
suppression: an empirical test of the Predictive Adaptive Response hypothesis. Proc Natl Acad 
Sci U S A 103(34):12759–12762

Jasienska G, Ziomkiewicz A, Lipson SF, Thune I, Ellison PT (2006c) High ponderal index at birth 
predicts high estradiol levels in adult women. Am J Hum Biol 18(1):133–140

Jasienska G, Ellison PT, Galbarczyk A, Jasienski M, Kalemba-Drozdz M, Kapiszewska M, Nenko 
I, Thune I, Ziomkiewicz A (2015) Apolipoprotein E (ApoE) polymorphism is related to differ-
ences in potential fertility in women: a case of antagonistic pleiotropy? Proc R Soc B Biol Sci 
282(1803)

Karlsson C, Obrant KJ, Karlsson M (2001) Pregnancy and lactation confer reversible bone loss in 
humans. Osteoporos Int 12(10):828–834

Karlsson MK, Ahlborg HG, Karlsson C (2005) Female reproductive history and the skeleton—a 
review. BJOG 112(7):851–856

Key TJA, Pike MC (1988) The role of oestrogens and progestagens in the epidemiology and pre-
vention of breast cancer. Eur J Cancer 24:29–43

King JC, Butte NF, Bronstein MN, Koop LE, Lindquist SA (1994) Energy metabolism during 
pregnancy: influence of maternal energy status. Am J Clin Nutr 59:s439–s445

Kington R, Lillard L, Rogowski J (1997) Reproductive history, socioeconomic status, and self-
reported health status of women aged 50 years or older. Am J Public Health 87(1):33–37

Kirchengast S (2000) Differential reproductive success and body size in !Kung San people from 
northern Namibia. Coll Antropol 24(1):121–132

Kramer KL (2002) Variation in juvenile dependence—helping behavior among Maya children. 
Hum Nat 13(2):299–325

Kramer KL (2005) Children's help and the pace of reproduction: cooperative breeding in humans. 
Evol Anthropol 14(6):224–237

Kvale G (1992) Reproductive factors in breast cancer epidemiology. Acta Oncol 31(2):187–194
Laskey MA, Prentice A (1997) Effect of pregnancy on recovery of lactational bone loss. Lancet 

349(9064):1518–1519
Lawlor DA, Emberson JR, Ebrahim S, Whincup PH, Wannamethee SG, Walker M, Smith GD 

(2003) Is the association between parity and coronary heart disease due to biological effects of 
pregnancy or adverse lifestyle risk factors associated with child-rearing?: findings from the 
British women's heart and health study and the British regional heart study. Circulation 
107(9):1260–1264

Lawrence M, Whitehead RG (1988) Physical activity and total energy expenditure in child-bearing 
Gambian women. Eur J Clin Nutr 42:145–160

10  Costs of Reproduction, Health, and Life Span in Women



174

Le Bourg E (2007) Does reproduction decrease longevity in human beings? Ageing Res Rev 
6(2):141–149

Le Bourg E, Thon B, Legare J, Desjardins B, Charbonneau H (1993) Reproductive life of French-
Canadians in the 17–18th-centuries—a search for a trade-off between early fecundity and lon-
gevity. Exp Gerontol 28(3):217–232

Leonard WR (2008) Lifestyle, diet, and disease: comparative perspectives on the determinants of 
chronic health risks. In: Stearns SC, Koella JC (eds) Evolution in health and disease. Oxford 
University Press, New York, pp 265–276

Little MA, Leslie PW, Campbell KL (1992) Energy reserves and parity of nomadic and settled 
Turkana women. Am J Hum Biol 4(6):729–738

Loos R, Derom C, Eeckels R, Derom R, Vlietinck R (2001) Length of gestation and birthweight in 
dizygotic twins. Lancet 358:560–561

Lund E, Arnesen E, Borgan JK (1990) Pattern of childbearing and mortality in married women—a 
national prospective study from Norway. J Epidemiol Community Health 44(3):237–240

Lunn PG (1994) Lactation and other metabolic loads affecting human reproduction. Ann N Y 
Acad Sci 709:77–85

Lycett JE, Dunbar RIM, Voland E (2000) Longevity and the costs of reproduction in a historical 
human population. Proc R Soc London B 267:31–35

Mace R, Sear R (1997) Birth interval and the sex of children in a traditional African population: an 
evolutionary analysis. J Biosoc Sci 29(4):499–507

MacMahon B (2006) Epidemiology and the causes of breast cancer. Int J  Cancer 
118(10):2373–2378

Madhavapeddi R, Rao BS (1992) Energy balance in lactating undernourished Indian women. Eur 
J Clin Nutr 46(5):349–354

Manor O, Eisenbach Z, Israeli A, Friedlander Y (2000) Mortality differentials among women: the 
Israel Longitudinal Mortality Study. Soc Sci Med 51(8):1175–1188

Marsal K, Persson P, Larsen T, Lilja H, Selbing A, Sultan B (1996) Intrauterine growth curves 
based on ultrasonically estimated foetal weights. Acta Paediatr 85:843–848

Martin JE, Hure AJ, Macdonald-Wicks L, Smith R, Collins CE (2014) Predictors of post-partum 
weight retention in a prospective longitudinal study. Matern Child Nutr 10(4):496–509

McArdle PF, Pollin TI, O’Connell JR, Sorkin JD, Agarwala R, Schaffer AA, Streeten EA, King 
TM, Shuldiner AR, Mitchell BD (2006) Does having children extend life span? a genealogical 
study of parity and longevity in the Amish. J Gerontol A Biol Sci Med Sci 61(2):190–195

McHaffie HE (1992) Social support in the neonatal intensive-care unit. J  Adv Nurs 
17(3):279–287

Meijer GAL, Westerterp KR, Saris WHM, Ten HF (1992) Sleeping metabolic rate in relation to 
body composition and the menstrual cycle. Am J Clin Nutr 55(3):637–640

Mettlin C (1999) Global breast cancer mortality statistics. CA Cancer J Clin 49(3):138–144
Michalski RL, Shackelford TK (2005) Grandparental investment as a function of relational uncer-

tainty and emotional closeness with parents. Hum Nat 16(3):293–305
Muller HG, Chiou JM, Carey JR, Wang JL (2002) Fertility and life span: late children enhance 

female longevity. J Gerontol, Ser A 57:B202–B206
Nag M, White BNF, Peet RC (1978) Anthropological approach to study of economic value of 

children in Java and Nepal. Curr Anthropol 19(2):293–306
Ness RB, Harris T, Cobb J, Flegal KM, Kelsey JL, Balanger A, Stunkard AJ, Dagostino RB (1993) 

Number of pregnancies and the subsequent risk of cardiovascular disease. N Engl J  Med 
328(21):1528–1533

Nguyen TV, Jones G, Sambrook PN, White CP, Kelly PJ, Eisman JA (1995) Effects of estrogen 
exposure and reproductive factors on bone mineral density and osteoporotic fractures. J Clin 
Endocrinol Metabol 80(9):2709–2714

Nunez-de la Mora A, Chatterton RT, Choudhury OA, Napolitano DA, Bentley GR (2007) 
Childhood conditions influence adult progesterone levels. PLoS Med 4(5), e167

G. Jasienska



175

Oria RB, Patrick PD, Oria MOB, Lorntz B, Thompson MR, Azevedo OGR, Lobo RNB, Pinkerton 
RF, Guerrant RL, Lima AAM (2010) ApoE polymorphisms and diarrheal outcomes in Brazilian 
shanty town children. Braz J Med Biol Res 43(3):249–256

Panter-Brick C, Ellison PT (1994) Seasonality of workloads and ovarian function in Nepali 
women. Ann N Y Acad Sci 709:234–235

Panter-Brick C, Lotstein DS, Ellison PT (1993) Seasonality of reproductive function and weight 
loss in rural Nepali women. Hum Reprod 8(5):684–690

Parikh NI, Cnattingius S, Dickman PW, Mittleman MA, Ludvigsson JF, Ingelsson E (2010) Parity 
and risk of later-life maternal cardiovascular disease. Am Heart J 159(2)

Pashos A (2000) Does paternal uncertainty explain discriminative grandparental solicitude? a 
cross-cultural study in Greece and Germany. Evol Hum Behav 21(2):97–109

Peacock N (1991) An evolutionary perspective on the patterning of maternal investment in preg-
nancy. Hum Nat 2:351–385

Piers LS, Diggavi SN, Thangam S, Van RJMA, Shetty PS, Hautvast JGAJ (1995) Changes in 
energy expenditure, anthropometry, and energy intake during the course of pregnancy and lac-
tation in well-nourished Indian women. Am J Clin Nutr 61(3):501–513

Prentice AM (2000) Calcium in pregnancy and lactation. Annu Rev Nutr 20:249–272
Prentice AM, Prentice A (1990) Maternal energy requirements to support lactation. In: Atkinson 

SA, Hanson LA, Chandra RK (eds) Breastfeeding, nutrition, infection and infant growth in 
developed and emerging countries. ARTS Biomedical Publishers and Distributors, St. John's, 
Nfld, pp 69–86

Prentice AM, Whitehead RG (1987) The energetics of human reproduction. Symp Zool Soc 
London 57:275–304

Prentice AM, Goldberg GR, Davies HL, Murgatroyd PR, Scott W (1989) Energy-sparing adapta-
tions in human pregnancy assessed by whole-body calorimetry. Br J Nutr 62(1):5–22

Prentice AM, Poppitt SD, Goldberg GR, Prentice A (1995) Adaptive strategies regulating energy 
balance in human pregnancy. Hum Reprod Update 1(2):149–161

Puskarczyk K, Galbarczyk A, Klimek M, Nenko I, Odrzywolek L, Jasienska G (2015) Being born 
after your brother is not a disadvantage: reproductive success does not depend on the sex of the 
preceding sibling. Am J Hum Biol 27(5):731–733

Qureshi AI, Giles WH, Croft JB, Stern BJ (1997) Number of pregnancies and risk for stroke and 
stroke subtypes. Arch Neurol 54(2):203–206

Raisz LG (2005) Pathogenesis of osteoporosis: concepts, conflicts, and prospects. J Clin Invest 
115(12):3318–3325

Rashid M, Ulijaszek SJ (1999) Daily energy expenditure across the course of lactation among 
urban Bangladeshi women. Am J Phys Anthropol 110(4):457–465

Rickard IJ (2008) Offspring are lighter at birth and smaller in adulthood when born after a brother 
versus a sister in humans. Evol Hum Behav 29(3):196–200

Rickard IJ, Russell AF, Lummaa V (2007) Producing sons reduces lifetime reproductive success 
of subsequent offspring in pre-industrial Finns. Proc R Soc B Biol Sci 274(1628):2981–2988

Sear R, Mace R (2008) Who keeps children alive? a review of the effects of kin on child survival. 
Evol Hum Behav 29(1):1–18

Sear R, Mace R, McGregor IA (2000) Maternal grandmothers improve nutritional status and sur-
vival of children in rural Gambia. Proc R Soc Lond B 267(1453):1641–1647

Simmons D, Shaw J, McKenzie A, Eaton S, Cameron AJ, Zimmet P (2006) Is grand multiparity 
associated with an increased risk of dysglycaemia? Diabetologia 49(7):1522–1527

Somner J, McLellan S, Cheung J, Mak YT, Frost ML, Knapp KM, Wierzbicki AS, Wheeler M, 
Fogelman I, Ralston SH et al (2004) Polymorphisms in the p450 c17 (17-hydroxylase/17,20-
lyase) and p450 c19 (aromatase) genes: association with serum sex steroid concentrations and 
bone mineral density in postmenopausal women. J Clin Endocrinol Metabol 89(1):344–351

Song YQ, Stampfer MJ, Liu SM (2004) Meta-analysis: apolipoprotein E genotypes and risk for 
coronary heart disease. Ann Intern Med 141(2):137–147

Stearns SC (1989) Trade-offs in life-history evolution. Funct Ecol 3(3):259–268

10  Costs of Reproduction, Health, and Life Span in Women



176

Stieglitz J, Beheim BA, Trumble BC, Madimenos FC, Kaplan H, Gurven M (2015) Low mineral 
density of a weight-bearing bone among adult women in a high fertility population. Am J Phys 
Anthropol 156(4):637–648

Strassmann BI (1996a) Energy economy in the evolution of menstruation. Evol Anthropol 
5:157–164

Strassmann BI (1996b) The evolution of endometrial cycles and menstruation. Q Rev Biol 
71:181–220

Streeten EA, Ryan KA, McBride DJ, Pollin TI, Shuldiner AR, Mitchell BD (2005) The relation-
ship between parity and bone mineral density in women characterized by a homogeneous life-
style and high parity. J Clin Endocrinol Metabol 90(8):4536–4541

Sujatha T, Shatrugna V, Venkataramana Y, Begum N (2000) Energy expenditure on household, 
childcare and occupational activities of women from urban poor households. Br J  Nutr 
83(5):497–503

Tracer DP (1991) Fertility-related changes in maternal body composition among the au of Papua 
New Guinea. Am J Phys Anthropol 85(4):393–406

Tsuya NO, Kurosu S, Nakazato H (2004) Mortality and household in two Ou villages 1716–1870. 
In: Bengtsson T, Cameron C, Lee JZ (eds) Life under pressure. Mortality and living standards 
in Europe and Asia, 1700–1900. The MIT Press, Cambridge, MA, pp 253–292

Valeggia CR, Ellison PT (2003) Impact of breastfeeding on anthropometric changes in peri-urban 
Toba women (Argentina). Am J Hum Biol 15(5):717–724

Valeggia CR, Ellison PT (2004) Lactational amenorrhoea in well-nourished Toba women of 
Formosa, Argentina. J Biosoc Sci 36(5):573–595

Van de Putte B, Matthijs K, Vlietinck R (2003) A social component in the negative effect of sons 
on maternal longevity in pre-industrial humans. J Biosoc Sci 36:289–297

Vandenheede H, Deboosere P, Gadeyne S, De Spiegelaere M (2012) The associations between 
nationality, fertility history and diabetes-related mortality: a retrospective cohort study in the 
Brussels-Capital Region (2001–2005). J Public Health 34(1):100–107

Voland E, Beise J (2002) Opposite effects of maternal and paternal grandmothers on infant survival 
in historical Krummhorn. Behav Ecol Sociobiol 52(6):435–443

Winkvist A, Rasmussen KM, Habicht JP (1992) A new definition of maternal depletion syndrome. 
Am J Public Health 82(5):691–694

Zera AJ, Harshman LG (2001) The physiology of life history trade-offs in animals. Annu Rev Ecol 
Syst 32:95–126

G. Jasienska


	Chapter 10: Costs of Reproduction, Health, and Life Span in Women
	10.1 The Principle of Allocation
	10.2 Energetic Costs of Menstrual Cycle and Pregnancy
	10.3 Costs of Lactation and Childcare
	10.4 The Intergenerational Costs: Children and Grandchildren
	10.5 Reproductive Costs and the Overall Energy Budgets
	10.6 Reproduction and Life Span
	10.7 Reproduction and Health: Obesity, Diabetes, Cardiovascular Diseases, and Osteoporosis
	10.7.1 Cardiovascular Diseases, Diabetes, and Obesity
	10.7.2 Bone Density and Osteoporosis

	10.8 Reproduction and Risks of Reproductive Cancers
	10.9 Genetic Trade-Offs Between Reproduction and Life Span
	10.10 When Does Reproduction Reduce Life Span?
	References


