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Over the last 25 years, alarge amount of research has been dedicated to identifying men’s
preferences for women’s physical features, and the evolutionary benefits associated
with such preferences. Today, this area of research generates substantial controversy
and criticism. | argue that part of the crisis is due to inaccuracies in the evolutionary
hypotheses used in the field. For this review, | focus on the extensive literature regarding
men’s adaptive preferences for women’s waist-to-hip ratio (WHR), which has become
a classic example of the just-so storytelling contributing to the general mistrust toward
evolutionary explanations of human behavior. The issues in this literature originate in the
vagueness and incompleteness of the theorizing of the evolutionary mechanisms leading
to mate preferences. Authors seem to have rushed into testing and debating the effects
of WHR on women'’s attractiveness under various conditions and using different stimuli,
without first establishing (a) clear definitions of the central evolution concepts (e.g., female
mate value is often reduced to an imprecise concept of “health-and-fertility”), and (b) a
complete overview of the distinct evolutionary paths potentially at work (e.g., focusing on
fecundability while omitting descendants’ quality). Unsound theoretical foundations will
lead to imprecise predictions which cannot properly be tested, thus ultimately resulting in
the premature rejection of an evolutionary explanation to human mate preferences. This
paper provides the first comprehensive review of the existing hypotheses on why men’s
preferences for a certain WHR in women might be adaptive, as well as an analysis of
the theoretical credibility of these hypotheses. By dissecting the evolutionary reasoning
behind each hypothesis, | show which hypotheses are plausible and which are unfit to
account for men'’s preferences for female WHR. Moreover, the most cited hypotheses
(e.g., WHR as a cue of health or fecundity) are found to not necessarily be the ones with
the strongest theoretical support, and some promising hypotheses (e.g., WHR as a cue
of parity or current pregnancy) have seemingly been mostly overlooked. Finally, | suggest
some directions for future studies on human mate choice, to move this evolutionary
psychology literature toward a stronger theoretical foundation.
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INTRODUCTION

The ratio between the waist and the hips circumferences
(Waist-to-Hip Ratio, or WHR) is a physical characteristic
often used as an example to show that evolution shaped
human mate preferences. It is also an example of just-so
storytelling in evolutionary psychology. In 1993, Devendra Singh
suggested that WHR represents a strong predictor of women’s
physical attractiveness (Singh, 1993a). He also argued that men’s
preference for a mate with a low WHR is adaptive, because a low
WHR reflects a woman’s high mate value. But what exactly is this
“mate value”? During the past 25 years, the evolutionary literature
on WHR and women’s attractiveness has flourished, but the
definition of this “mate value” is rarely expressed. In evolutionary
biology, mate value is attached to the concept of reproductive
success: a woman with a high mate value will increase the
reproductive success of her mate(s). An increase in reproductive
success is characterized by an increased number of descendants
in next generations and can be achieved in various ways. First,
survival until reproduction is indispensable. Second, the number
of children born during an individual’s lifespan is also crucial.
But the survival and the quality of these children will directly
impact their own reproductive success, and hence the number of
grandchildren in the next generation, thus ultimately influencing
the reproductive success of the grandparents. In short, a woman
has higher value as a potential mate if she increases the number
and quality of descendants a man will have (including the ones
he has with other women). The question then is which of these
components of reproductive success are actually linked to a mate’s
WHR? To answer this, I assemble the numerous hypotheses
exposed since the idea of the WHR as an indicator of women’s
mate value was first suggested in 1993. These hypotheses are
examined to determine which of the characteristics linked to
WHR are most likely, in theory, to be translated into an increase
in the reproductive success of the woman’s mate.

The objective of this review is 2-fold. The first goal is to gather
and pool all the existing evolutionary hypotheses regarding men’s
preferences for a certain (low, high or average) WHR. There are
many reviews about men’s preferences for women’s WHR, but
this is the first exhaustive review of the hypotheses mentioned
in these studies. The second purpose of this paper is an in-
depth theoretical examination of these hypotheses, which are
often only briefly justified and, in some cases, have never been
properly developed.

Most of the debate around WHR and attractiveness has
centered on two other questions: “Is the preference for a low
WHR universal?” and “Is WHR the best predictor of the
attractiveness of women’s bodies?” I will not address these
two questions extensively here (it is beyond the scope of this
paper), but a brief commentary seems necessary at this point.
A preference for a relatively low WHR (i.e., low relatively to
men’s WHR, or low relatively to the average female WHR)
has been observed in a large number of studies, including a
wide range of populations and methods. With that in mind,
results show that there is some variation in what is the exact
value of the ideal WHR [reviewed in Brooks et al. (2015)
and Cashdan (2008)]. The second debate concerns WHR as

the “best” predictor for attractiveness. Authors have debated
whether WHR or BMI is the best predictor of attractiveness
and mate value (Tassinary and Hansen, 1998; Tovée et al., 1999;
Furnham et al., 2005; Cornelissen et al., 2009a,b). As could be
expected, the results vary according to the population and stimuli
used. Other measurements have also been proposed to replace
WHR (for example, hip or waist size alone, abdominal depth or
waist/stature ratio: Brooks et al., 2010, 2015; Lassek and Gaulin,
2016). The objective of this paper is not to decide if WHR is the
best measure of physical attractiveness or if the ideal WHR is
universal or not. For our purposes, it is sufficient to note that
the effect of WHR on attractiveness is widespread (even if the
value of the preferred WHR varies), and large enough to warrant
questions about its possible adaptive basis.

MATERIALS AND METHODS

The dataset encompasses any articles and book chapters
addressing men’s preferences for women’s WHR, based on an
evolutionary approach (see the Supplementary Material for the
details). The final dataset consists of 104 papers from 58 different
first authors, including 13 review papers and chapters from
1993 to 2017. All the hypotheses concerning men’s adaptive
preferences toward women’s WHRs, waist size or hip size are
collected (see Figure 1 and Supplementary Table S1).

See the Supplementary Material for the details about
the methodology used in the collection and the selection
of hypotheses.

RESULTS

In the following sections, I review each hypothesis found in
the literature to see if it could, in theory, support an adaptive
role of the preference for a low WHR. For a hypothesis to be
plausible, two steps are required: 1) Correlation with WHR:
first, WHR needs to be correlated with the biological trait of
interest (Is WHR associated with the nominated characteristic
in the population?). This correlation needs to be strong enough,
such that a detectable variation of WHR attractiveness translates
into a significant variation of the hypothesized trait; 2) Effect
on the man’s reproductive success: second, the nominated
characteristic should be associated with a potential increase of
reproductive success (meaning more descendants, and higher
quality descendants) for the individual who chooses a mate
carrying this characteristic. A dispensable third step can be
added: 3) Perception of the characteristic using WHR: do people
use the WHR to assess the nominated characteristic (Are people
conscious of the link between WHR and the characteristic)?
Importantly, this third step is not mandatory for the hypothesis
to be valid, as people do not need to be conscious of the
biological consequences of their preferences for them to have
an effect. In other words, a preference for a trait can perfectly
evolve when individuals do not suspect that this trait is a cue of
something else. For example, a preference for sweet taste evolved
in our ancestors without them knowing that it was a cue of a
source of readily available energy. However, this third step can
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FIGURE 1 | Two theoretical frameworks explaining men’s adaptive preferences for women’s WHR. (A) Example of a vague theoretical explanation often found in the
literature. WHR is assumed to be a cue of women’s health and fertility, which supposedly translate into women’s “mate value.” Some descriptive information of WHR is
sometimes added to the theory (e.g., WHR is sexually dimorphic), but without any explicit link to mate value. (B) A more complex but more accurate theoretical
explanation, including all the different hypotheses found in the literature. Each box represents a characteristic linked to women’s WHR. The diagram illustrates their
potential links to the reproductive success of the man (the woman’s mate). The boxes with a gray background directly concern the man. All the other boxes relate to
the woman'’s characteristics. Characteristics related to women’s fertility (as usually defined in this literature) are represented in blue. In green: characteristics related to
women'’s health. The lines connecting the boxes represent correlations, without implying any causality. Dotted lines indicate that empirical evidences for the correlation
are scarce. Dotted frames indicate that evidences linking the characteristic to women’s WHR are scarce. The links between each characteristic are not represented on
the diagram. For example, parity is obviously correlated with a woman’s age, but this correlation is not illustrated here (each characteristic is supposed to be

represent additional support in favor of the hypothesis and help
us understand the mechanisms behind mate preferences.

Cue of Biological Sex

According to this hypothesis, WHR would be a way to detect
the biological sex of a potential mate. The first mention of this
straightforward hypothesis appears relatively late, almost 10 years
after the first paper about adaptive preferences for WHR (Tovée
etal., 2002, see Figure 2), and is present in only 14% of the papers
(see Supplementary Material).

Correlation With WHR
WHR is sexually dimorphic in the human species. A significant
difference between men’s and women’s WHR has been found

in all the populations where it has been investigated (Leibel
et al, 1989; Bjorntorp, 1991, 1993; Marti et al, 1991;
Beall and Goldstein, 1992; Ley et al., 1992). The size of
the difference between sexes varies between populations,
but no culture has been found where men have a lower
average WHR than women. Thus, WHR is a reliable cue of
biological sex.

However, there are many other traits which are sexually
dimorphic in humans and which can be used to assess biological
sex: height, shoulder-to-hip ratio, hair, facial traits, breast, genital,
voice, and so on (Wenzlaff et al., 2018). Consequently, people can
identify biological sex without using WHR. And because WHR
is not indispensable to asses sex, the selective advantage of a
preference for a low WHR as a way to assess biological sex is

Frontiers in Psychology | www.frontiersin.org

3 June 2019 | Volume 10 | Article 1221


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

Biological sex e o o @ o O ) e @ o
(Reproductive)age @ @ e @ o o @ c 00O -0 - - @ -0 e ® 0 o
Current pregnancy @ [} ° e - ®© 0 0 0o o e o e ® 06 0 -
Parity o o [ ] o C @ o
Fecundity @ « @ e @ °c o c 0 00 0 -00 - ° -000 -
Reproductivefat @ « @ o e o o @ o o - 00O c © 00 0 o
Health ® « @ - 90 - 0000000 - -00 00000 Number of papers
Parasite load . o . o ® 25
Diet or malnutrition e o @ ® @ 50
Foetal conditions . ® s
Pelvis size . e o @ o @ ° o o ® [® @ 00
Center of body mass ) . o o .
Ability to cope with stress . e o o .
Ability to acquire resources . . ) [ I}
Sex ratio of descendants . . o .
Sexual or maternal behaviour ) 0
Sexy daughters [} o o
BSB89 23 "S- B EBE=EEEESE =5
Al L > N S AR O A o A o A o A N A U o A o A o N I o U U S U S A S S I S
FIGURE 2 | Temporal pattern of references to the different hypotheses of men’s adaptive preferences for women's WHR in the literature. This figure includes scientific
papers and chapters exploring the relationships between WHR and female attractiveness from an evolutionary perspective. The size of the circles represents the
number of papers citing each hypothesis in a given year. See the Supplementary Material for the details of this figure.

reduced (Iwasa and Pomiankowski, 1994; Bro-Jergensen, 2010).
On the other hand, the “redundant signaling” hypothesis (or
“back-up signal” hypothesis) claims that multiple cues conveying
similar information (the biological sex in the present case)
compensate for errors during information coding (Moller and
Pomiankowski, 1993; Johnstone, 1996). In other words, multiple
cues serve as a back-up signal that ensures a low rate of
mate choice errors (Bro-Jorgensen, 2010; Abend et al., 2015).
Moreover, when the ability to detect different cues varies with
environmental conditions or distances, individuals may pay
attention to different cues under different conditions (Candolin,
2003). More experiments are required to measure by how much
and when WHR does improve the detection of biological sex, in
addition to other sexually dimorphic features.

Effect on the Man’s Reproductive Success

Obviously, it is necessary to copulate with the opposite sex
to increase the number of descendants. The problem in this
case is not the effect of the characteristic (biological sex) on
the individual’s reproductive success, but the non-uniqueness
of the cue. Thus, unless we discover evidence supporting the
“redundant signaling” hypothesis, the sexual dimorphism of
WHR may have contributed to the selection of men’s preference
for a low WHR but was probably not the only selective
force involved.

Perception of the Characteristic Using WHR

People use WHR to assess individuals’ biological sex, and a lower
WHR is strongly associated with figures being perceived as female
(Johnson and Tassinary, 2005; Johnson et al., 2010; Saunders
et al., 2010; Pazhoohi and Liddle, 2012). People are able to detect
sex using WHR when other cues of sex are unavailable (Pazhoohi
and Liddle, 2012) but, as stated earlier, we need to measure the
accuracy of this detection with and without the use of WHR. This

would give us an indication of the strength of the selection on the
use of WHR as a cue of biological sex.

Cue of (Reproductive) Age

This hypothesis, already referred to in the first paper on the
topic (Singh, 1993a, see Figure 2), is found in 43% of the papers.
According to this hypothesis, WHR would be an indicator of
chronological or reproductive age.

Correlation With WHR

WHR is high in early childhood (and similar between boys and
girls) and drops around the onset of puberty for women. Then,
women’s WHR increases from the peak of fertility (in the 20’).
This general age pattern is observed in many countries, including
non-western and non-industrial populations (Rimm et al., 1988;
Leibel et al., 1989; Seidell et al., 1990; Beall and Goldstein, 1992;
Ley et al., 1992; Bjorntorp, 1993; Casey et al., 1994; Sugiyama,
2004; Bohler et al., 2010; Brooks et al., 2010; Bacopoulou et al.,
2015; Butovskaya et al.,, 2017). Finally, WHR might also be a
cue of menopause (end of reproductive age, independently of
chronological age; Kirschner and Samojlik, 1991; Bjorkelund
et al.,, 1996; Tchernof and Poehlman, 1998), but several other
studies find no effect of menopausal status on WHR (Lanska
et al., 1985; Tonkelaar et al., 1989; Seidell et al., 1990; Troisi et al.,
1995; Tchernof and Poehlman, 1998; Sugiyama, 2004).

To sum up, WHR is a reliable cue of the start of women’s
reproductive capacity (menarche and puberty). WHR is also a
reliable indicator of women’s age after puberty, and maybe of
menopause. However, as with biological sex (although to a lesser
extent), individuals can rely on other cues to assess age (the
face, for example, and menarche is also linked to an increase in
breast size). The redundancy of the cue decreases the selective
advantage of the preference for a low WHR as cue of age (Iwasa
and Pomiankowski, 1994; Bro-Jorgensen, 2010). Nevertheless,
according to the “redundant signaling” hypothesis, using several
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cues simultaneously, including WHR, may increase the precision
of the age estimation (Johnstone, 1996; Bro-Jorgensen, 2010;
Abend et al., 2015). Alternatively, the use of redundant cues
may reduce time and energy spent inspecting mates, make mate
assessment possible under different conditions (Rowe, 1999;
Candolin, 2003), or make it more difficult for women to cheat
about their actual age (Candolin, 2003).

Effect on the Man’s Reproductive Success
Fecundability (the ability to become pregnant) is age-dependent
for women. Fecundability is null before menarche, increases from
puberty, peaks in mid-twenties on average, and then decreases
until menopause, the end of the reproductive window (Menken
and Larsen, 1986; Weinstein et al., 1990; Dunson et al., 2002;
Wallace and Kelsey, 2010). In addition, the risks of complications
during pregnancy and childbirth are also related to age (more
issues when very young, and after 30, even when controlling for
parity; Naeye, 1983; Fretts et al., 1995; Amarin and Akasheh,
2001). Thus, the choice of a mate around the peak of fertility (for
short-term relationships), or before (for long-term relationships),
will increase the number of potential descendants a man can sire
with this mate, and thus his reproductive success.

However, because WHR is not the only cue of women’s age,
the correlation between age and WHR may have contributed to
the selection and/or maintenance of men’s preferences for a low
WHR, but it is unlikely to be sufficient on its own, unless the
use of WHR in addition to other redundant cues increases the
precision of the age estimation in a way which would confer
a selective advantage to the men making this estimation. More
investigation is necessary to explore the role of the back-up signal
hypothesis in this case.

Perception of the Characteristic Using WHR

People seem to use WHR to assess women’s age, and a low WHR
tends to be associated with perceptions of youthfulness (Singh,
1993b, 1994, 1995; Singh and Luis, 1995; Furnham et al., 2004,
2005; Sugiyama, 2004; Andrews et al., 2017). However, many
other results on perceived age are inconclusive (Singh, 1993a,b;
Henss, 1995, 2000; Singh and Young, 1995; Furnham et al,
1997, 2002, 2005; Sorokowski et al., 2014; Wang et al.,, 2015). I
suggest this is due to two reasons: first, WHR does not have a
linear relationship with age (it is U shaped), and secondly, people
simultaneously use other cues to infer age. As a consequence,
depending on other cues depicted on the stimuli (face, breasts
or hair, for example), results can reveal a negative, positive,
or null relationship between perceived age and WHR. Further
studies investigating the interaction effect between WHR and
other physical cues on perceived age are needed. Moreover, the
effect of WHR on perceived youthfulness should be explored in
different populations, as most of the studies have been conducted
in WEIRD countries (but see Furnham et al., 2002; Sugiyama,
2004; Sorokowski et al., 2014 for notable exceptions).

Cue of Current Pregnancy

According to this hypothesis, a woman’s WHR could be used to
detect if she is currently pregnant or not. This hypothesis is found
in 31% of the papers.

Correlation With WHR

Women experience a drastic increase in WHR during pregnancy,
which is mainly due to an increase in waist circumference. A
decrease in hip circumference may also happen, as fat from
this region is mobilized during late pregnancy to meet the
needs of the growing fetus (Rebuffé-Scrive et al., 1985; Lassek
and Gaulin, 2006). Moreover, unlike for sex and age, WHR
is the unique reliable visual cue of pregnancy. The slope of
the decreasing attractiveness of WHR through pregnancy for
different populations remains to be specified. The earlier in
pregnancy the WHR starts to be significantly less attractive, the
more plausible this hypothesis will be, as men would be able to
use this cue longer/more often.

Effect on the Man’s Reproductive Success

Because women are infertile while pregnant, pregnancy is directly
linked to current fecundity. As such, choosing a pregnant woman
as a short-time mate will not enhance a man’s reproductive
success. However, being pregnant is a transient stage. For a
young woman, pregnancy is positively associated with her future
expected reproductive success (it is a sign that she is able to
become pregnant and to carry a child). However, for older
women, being currently pregnant is negatively correlated with
the expected number of additional children. Some authors argue
that the relationship between current pregnancy and future
fertility depends on the fertility rate of the population: if the total
fertility rate of the population is low (e.g., two children) it would
be costly to be attracted to a woman who is already pregnant,
because there is a high risk that she may conceive only one more
child. In traditional societies, where total fertility rates sometimes
exceed 6, if a woman is pregnant, she may nevertheless conceive
at least a few more children (Marlowe and Wetsman, 2001). To
sum-up, choosing a mate who is already pregnant will, most of
the time, decrease the number of potential descendants of an
individual, but the size of the effect depends on the woman’s
age, the total fertility rate in the population and the type of
relationship (short or long term).

Moreover, choosing a long-term mate who is pregnant with
the child of another man entails additional evolutionary costs,
because investing in a non-biological child decreases the amount
of investment an individual can invest in his own descendants.
Lastly, Singh suggests that choosing a mate carrying the baby
of another man could increase the risks of violence from the
jealous current mate (which could impact the survival or future
reproductive success of the individual suffering from the attack).

Altogether, mating with a woman with a high WHR because
it indicates current pregnancy will have, on average, a negative
effect on an individual’ reproductive success. Added to the
fact that WHR is a reliable and distinctive cue of current
pregnancy, this gives solid theoretical support in favor of the
present hypothesis.

Perception of the Characteristic Using WHR

To my knowledge, only two studies have investigated the role
of WHR on the perception of current pregnancy (Furnham
et al., 2001; Schiitzwohl, 2006). The results confirm that a low
WHR is associated with a lower perceived probability of current
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pregnancy. The perception of pregnancy using WHR seems
obvious for the last stages of pregnancy, based on profile views
or in 3D. However, and even if the conscious awareness of a
pregnancy is not mandatory for men’s preference to evolve, it
would be interesting to explore when exactly people start to detect
pregnancy, using 2D images including frontal, back and profile
views of women at different pregnancy stages.

Cue of Parity (Number of

Previous Pregnancies)

This hypothesis, first mentioned in 1998 (Yu and Shepard, 1998,
see Figure 2), is present in 11% of the papers in this literature. It
stipulates that WHR is a way to estimate the number of children

(or number of pregnancies) that a woman has previously had in
her life.

Correlation With WHR

There is evidence that WHR increases with the number of
previous pregnancies (independently of age and BMI), due to
an increase of waist circumference and/or a relative decrease in
hip circumference (Kaye et al.,, 1990; Smith et al., 1994; Troisi
et al., 1995; Bjorkelund et al., 1996; Rodrigues and Costa, 2001;
Lassek and Gaulin, 2006; Wells et al., 2010, 2011; Butovskaya
etal., 2017). This change in body shape (sometimes referred to as
(covert) maternal depletion) is due to the mobilization of fat from
the lower parts of the body to meet the needs of the developing
child (as well as looser abdominal muscles). This may be
interpreted as a life history strategy for allocating energy between
competing gluteofemoral fat depots for reproduction, and central
fat depots for maintenance and survival (Cashdan, 2008; Wells
et al, 2010, 2011). This phenomenon has been observed in
various countries: Brazil (Rodrigues and Costa, 2001), Sweden
(Bjorkelund et al., 1996), Thailand (Wells et al., 2011), UK (Wells
et al,, 2010), USA (Kaye et al., 1990; Troisi et al., 1995; Lassek
and Gaulin, 2006), and non-industrial societies including tribes
from Sub-Saharan Africa, Western Siberia, South America and
South Asia (Butovskaya et al., 2017). However, a few other studies
find that parity has a negligible or null effect on WHR (Lanska
et al.,, 1985; Tonkelaar et al., 1989; Seidell et al., 1990; Nenko
and Jasienska, 2009), but these null results can be explained by
the higher average age of the women sampled in those studies.
Indeed, the parity effect seems to dissipate over time (Wells et al.,
2010). Note that this does not affect the plausibility of the present
hypothesis, as the effect of parity on WHR should be visible at the
time of mate choice (relatively young).

Effect on the Man’s Reproductive Success

Women’s limited reproductive potential and resources mean that,
even controlling for age, each child already born reduces the
future number of children a man can sire with the woman
if he mates with her long-term (Symons, 1981; Sugiyama,
2005). Parity status influences the survival and quality of future
descendants. For example, both high parity and nulliparity are
associated with increased risks during childbirth and lower
birthweights (Kiely et al., 1986; Fretts et al, 1995; Hinkle
et al., 2014; Merklinger-Gruchala et al., 2015, 2017), and 1Q is
negatively correlated with birth order (Downey, 2001). A recent

pregnancy also increases the probability of current infertility
because of lactational amenorrhea. Finally, as with current
pregnancy, higher parity increases the costs linked to investment
in genetically unrelated children.

In conclusion, even when the risks associated with first births
are taken into account, choosing a mate with a low parity should
have an overall positive impact on individuals’ reproductive
success (especially for long term relationships), and WHR as a
cue of parity is likely to play a significant role in the selection of
men’s preferences for alow WHR.

Perception of the Characteristic Using WHR

To my knowledge, only one study investigates the effect of WHR
on perceived parity, with the results validating that women with
a higher WHR are perceived as having a higher number of
children (Andrews et al., 2017). This study needs replications in
populations other than undergraduate students from the USA,
but the results suggest that people are using WHR as a cue

of parity.

Cue of Fecundity

One of the most cited argument for an adaptive preference for
a low WHR is WHR as a cue of fecundity (cited in 54% of the
papers). Healthy women of similar age and reproductive history
vary in their ability to become pregnant and achieve a live birth,
and WHR would be an indicator of this ability.

Correlation With WHR

The most direct evidences in favor of this hypothesis comes from
a few clinical studies showing that women with a lower WHR
have a higher probability of conception in the case of in vitro
fertilization and artificial insemination (Zaadstra et al., 1993;
Wass et al., 1997). But more recent studies find no relationships
between women’s WHR and their likelihood of conceiving after
induction of ovulation (Imani et al., 2002; Eijkemans et al., 2003).
These studies are informative because they are directly linked
to fecundity, but women seeking medical assistance to conceive
do not represent the ideal population to investigate factors of
natural fecundity.

A few studies find that high WHRs are correlated with a
later age at first live birth (Kaye et al., 1990) or longer time-to-
pregnancy (Wise et al., 2013; McKinnon et al., 2016; but see Wise
et al., 2010).

An indirect way to detect the link between fecundity and
WHR is to look at the menstrual cycles or at the physiological
factors linked to both WHR and fecundity. A few studies indicate
that WHR is linked to menstrual abnormalities (Hartz et al., 1984;
Moran et al,, 1999) and to hormonal levels linked to fecundity
(Bjorntorp, 1991; Jasienska et al., 2004). Similarly, one study
finds that women with low WHRs have lower endocervical pH
(Jenkins et al., 1995), which helps sperm penetration (Zavos and
Cohen, 1980). However, these results seems not to hold for non-
obese young women (see Lassek and Gaulin, 2018b for a richer
discussion on this topic).

Finally, one study finds that WHR decreases around ovulation
(Kirchengast and Gartner, 2002), suggesting that WHR might
also reveal whether a woman is at peak cycle fertility. However,
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these results should be interpreted with caution, as others fail to
replicate this effect (Bleske-Rechek et al., 2011).

To conclude, there are some indirect lines of evidence that
WHR could be linked to fecundity, but this effect is mostly found
when high WHR is associated with other factors (as obesity or
older age) and might thus be negligible in populations of young
and non-obese women (Lassek and Gaulin, 2018b). Moreover,
these studies almost exclusively focus on WEIRD populations,
limiting even more the generalization of these results.

Effect on the Man’s Reproductive Success
Choosing highly fecund mates will increase the reproductive
success of a man both for long-term and short-term relationships.
In the case of a short-term relationship, it will simply
increase the probability of a pregnancy. In the case of
a long-term relationship, it will increase the number of
potential descendants by reducing both interbirth intervals
and the period before the first child (thus increasing the
reproductive window).

However, in light of the lack of evidence of a link between
WHR and young and non-obese women’s fecundity, this
hypothesis does not benefit from strong empirical support.

Perception of the Characteristic Using WHR

A few studies find that a low WHR is associated with
higher perceived fecundity (Singh, 1993b; Furnham et al., 2004;
Sugiyama, 2004), but the results are unclear for the vast majority
of the cases (Singh, 1993b, 1994, 1995; Singh and Luis, 1995;
Furnham et al., 1997, 2001, 2003, 2004, 2005, 2006; Tassinary and
Hansen, 1998). I suggest that this lack of clarity is mainly due
to the ambiguity of the questions asked to the participants. The
main issue is the absence of any indication about the time frame.
For example, high parity (linked to a high WHR), is positively
associated with past fecundity, but negatively associated with
future fecundity [see section Cue of Parity (Number of Previous
Pregnancies)]. Thus, in the absence of additional information,
it is impossible to know if the participants are rating past,
current or future fecundity. The answer probably depends on
other cues provided in the survey, or vary from one participant
to another, which could explain the inconclusive results.
Future tests of perceived fecundity should include the notion
of time.

Cue of Quantity and Availability of

“Reproductive Fat”

The idea that fat located around women’s hips is qualitatively
different from fat found in other body regions, and is used
specifically for reproductive functions, exists in the literature
since 1993 (Singh, 1993b, see Figure 2). This hypothesis has been
progressively enriched, stating that a mother’s WHR is linked to
the development of her fetus and infant. It is present in 34% of
the papers.

Correlation With WHR

WHR is, by construction, positively correlated with the
quantity of fat situated at the waist level (abdominal fat), and
negatively correlated with fat quantity located around the hip

(gluteofemoral fat). There is evidence that gluteofemoral fat in
women is specific to reproduction: the storing of gluteofemoral
fat is high (compared to males and to other body parts)
during human female development (Fredriks et al., 2005).
Moreover, even with restricted food intake, gluteofemoral fat
is metabolically protected from use until late pregnancy and
lactation, when it is selectively mobilized (Rebuffé-Scrive et al.,
1985; Lassek and Gaulin, 2008). The hypothesis derived from
these observations is that the quantity of gluteofemoral fat would
have an effect on the development of the fetus during pregnancy
and of the infant through lactation.

This reproductive fat appears to be of particular importance
for brain development, as gluteofemoral fat is the main source
of long-chain polyunsaturated fatty acids that are critical for
fetal and infant neural development. Additionally, it seems that
abdominal fat inhibits the availability of these neurodevelopment
resources (abdominal fat decreases the amount of the enzyme
A-5 desaturase, which is rate limiting for the synthesis of
long-chain polyunsaturated fatty acids; Lassek and Gaulin,
2008). Consequently, WHR is an indicator of the quantity and
availability of the fatty acids needed for fetal and infant brain
development. In favor of this hypothesis, a study shows that
women with lower WHRs and their children have significantly
higher cognitive test scores (Lassek and Gaulin, 2008).

Moreover, one study finds that a low WHR correlates with
higher birth weight (Pawlowski and Dunbar, 2005), but other
studies found the opposite (Brown et al., 1996; Salem et al., 2012).

To conclude, a woman’s WHR seems to be a promising
indicator of future fetus and infant neural development (although
further data from different countries are needed), and additional
evidence is required to confirm the link between pre-pregnancy
WHR and fetal growth.

Effect on the Man’s Reproductive Success

Mating with a woman able to provide enough resources
during the development of the fetus and infant increases the
survival and quality of the descendants. Offspring with higher
cognitive abilities are likely to have a better rate of survival and
reproductive success than individuals who suffer from worse
conditions during their brain development.

A low birthweight is associated with higher infant mortality
(Chase, 1969; Behrman et al., 1982; McCormick, 1985) and
negative outcomes later in life (Hackman et al.,, 1983; Baker
et al., 2008). However, a low birthweight is also associated with
variables which may have no effect on the father’s reproductive
success (e.g., because occurring late in life), and could even have
a positive effect in some environments (Bateson et al., 2004), as
a low birthweight seems to be associated with a faster life history
strategy (Nettle, 2010).

In conclusion, choosing a mate with a lower WHR if it is
linked to higher resources for fetal and infant brain development
(and maybe general growth), will have a generally positive
impact on a man’ reproductive success. However, the size of
this effect according to the environmental conditions should be
explored. For example, how does this trait impact the number
of descendants in the next generation when conditions are more
favorable to faster life history strategies?
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Perception of the Characteristic Using WHR

To my knowledge, only one study explores the effect of WHR on
the perceived quality of the descendants (Andrews et al., 2017).
Andrews et al. (2017) ask participants to rate female bodies for
the following questions: “If this woman were to have a child, it
would be healthy;” “If this woman were to have a child, it would
make friends easily;” “If this woman were to have a child, it would
be popular.” They find a negative relationship between WHR and
projected offspring quality, supporting the idea that women with
low WHRs are expected to have higher quality children than
women with high WHRs (but, as often with this type of questions,
it is difficult to tell if we are measuring something else than a
halo effect).

Cue of Health

One of the most cited hypotheses stipulates that a low WHR
is an indicator of women’s good health (hypothesis present in
87% of the papers). The health conditions which are referred to
in the literature on WHR and attractiveness are: cardiovascular
diseases, hypertension, strokes, myocardial infarction, diabetes,
gallblader disease, kidney diseases, pancreatitis, lung function
impairment, cretinism, psychiatric disorder, various cancers
and preeclampsia.

Correlation With WHR

A high WHR is correlated with many health issues. This
claim is supported by abundant evidence (for reviews see
Bjorntorp, 1987a,b, 1993; Manolopoulos et al., 2010). However,
these findings are based on relatively old women or men
(often 60 years old or more, almost never before 30), mostly
suffering from some degree of obesity, raising the possibility
that this relationship is not present for evolutionary relevant
reproductive-age populations (Lassek and Gaulin, 2018a).

Effect on the Man’s Reproductive Success

The consequences for reproductive success of mating with a
woman with a low WHR because it is a cue of her health
are not straightforward. First, the cited health conditions are
not contagious, thus the survival of the woman’s mate cannot
be directly affected. Secondly, most of the chronic diseases
associated with WHR are recent, from an evolutionary point of
view, and they are associated with present-day environments,
lifestyle and alimentation (Eaton and Eaton, 1997; Groop, 2000).
Third, even if we assume that these health issues were common
in our evolutionary past, most of them appear late in life, after
the end of women’s reproductive life. Thus, most of the heath
issues linked to high WHRs are unlikely to affect the number of
descendants of a woman’s mate (Lassek and Gaulin, 2018a).

A few exceptions in the list of WHR-related health issues can
be made, however. First, a high WHR early in pregnancy seems
to be correlated to higher risks of preeclampsia (a condition
which can be fatal to both the fetus and mother; Yamamoto
et al.,, 2001; Taebi et al., 2015). However, evidence is needed
to see if preeclampsia is predicted by WHR before pregnancy
(when mate choice occurs). One paper indicates that a high
WHR can be an indicator of cretinism (a syndrome often linked
to infertility; Streeter and McBurney, 2003). However, WHR

is probably not a very good cue to detect cretinism, as this
health condition generates other physical modifications, more
easily noticeable than WHR (Chen and Hetzel, 2010). Another
exception is the polycystic ovarian syndrome. This condition
can affect the fertility of young women, but only when the
syndrome is associated with obesity (Pall et al., 2006; Pasquali
et al,, 2006). And again, the prevalence of this condition in our
evolutionary past is unclear. Lastly, the term “health” can include
malnutrition and parasites (although it is almost never referred
to in the literature), which can affect fertility at any age and
are not restricted to our contemporary societies. These two last
characteristics are discussed in the next sections of this paper
(Cue of Parasite Load & Cue of Diet).

Health later in life could influence the survival and quality
of descendants in another way, through maternal investment:
long-term health and longevity increase the probability of having
a living and healthy mother able to provide care for children
and grandchildren (Sear et al., 2000). Thus, theoretically, WHR
as a cue of health could have played a role in the selection
of preferences for a low WHR. However, this hypothesis holds
only if WHR at a younger age (at the time of mate choice) is a
reliable predictor of health later in life, excluding diseases which
are evolutionary novel. Longitudinal studies in non-WEIRD
populations are needed to explore this possibility.

Alternatively, good health at old age could be related to genetic
quality. Descendants from individuals with higher longevity
could have a better health, even at younger ages. In this case,
men’s preferences for alow WHR as a cue to health could evolve
through indirect selection. Cross-generational studies are needed
to test this good genes hypothesis.

To conclude, in the light of the present evidence, the “WHR
as a cue of health” hypothesis is unlikely to be at the evolutionary
origins of preferences for alow WHR in young women. However,
this hypothesis could receive new theoretical support through the
maternal and grandmaternal investment or the genetic quality
hypotheses, but only if some of the above predictions (links
between women’s WHR at young age and health at old age, or
health of the descendants, excluding evolutionary novel diseases)
are supported by evidence.

Perception of the Characteristic Using WHR

Participants are asked to rate the health of the stimuli in many
studies (Singh, 1993a,b, 1994, 1995; Singh and Luis, 1995; Singh
and Young, 1995; Furnham et al., 1997, 1998, 2001, 2002, 2003,
2004, 2005, 2006; Yu and Shepard, 1998; Wetsman and Marlowe,
1999; Henss, 2000; Marlowe and Wetsman, 2001; Sugiyama,
2004; Marlowe et al., 2005; Schiitzwohl, 2006; Tovée et al., 2007;
Swami et al., 2009; Sorokowski et al., 2014). In general, a low
WHR is associated with better perceived health. Interestingly,
however, a few studies investigating non-WEIRD populations
find a null or positive effect of WHR on perceived health (Yu
and Shepard, 1998; Wetsman and Marlowe, 1999; Tovée et al.,
2007; Sorokowski et al., 2014). This support the idea that the
association between high WHR and poor health might be valid
in contemporary western countries only. Even if, as explained
earlier, the perception of health using WHR is not a mandatory
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step to validate the hypothesis, more research (with different
stimuli and questions) is needed to clarify this point.

It would also be interesting to see if young women’s WHR is
linked to their perceived future health and longevity. One could
also explore if individuals have any idea of the kind of diseases
associated with WHR.

To my knowledge, only one study explores the effect of WHR
on the perceived quality of the descendants (Andrews et al., 2017,
see section Cue of Quantity and Availability of “Reproductive
Fat” above). They find a negative relationship between women’s
WHR and the projected offspring quality, in accordance with the
hypothesis of WHR as a cue of genetic quality.

Cue of Parasite Load

The idea that WHR could be a sign of infection by parasites is not
recent (e.g., Furnham et al., 1998, see Figure 2) but is quite rare
in the literature (in 5% of the papers).

Correlation With WHR

Some parasites, including intestinal worms, can increase waist
size through oedema while causing weight loss, which will result
in a higher WHR (Cross, 1992; Kucik et al., 2004).

Effect on the Man’s Reproductive Success
Parasite load can affect survival and fertility. Moreover, most
parasites are contagious, and mating with a woman carrying
parasites increases the probability of being infected. As such,
WHR as a cue of parasite load can have an effect on a man’s
health and survival, as well as an effect on the number, survival
and quality of descendants he can sire with the infected woman.
This effect remains to be quantified and will certainly vary
according to the frequencies and types of parasites present in
the environment.

WHR as a cue of parasite load is an interesting hypothesis,
but it has been largely overlooked and evidence is by
consequence lacking.

Perception of the Characteristic Using WHR

There is no specific research on the perception of parasite load
based on WHRs. However, many studies explore the effect of
WHR on perceived general health (see section Cue of Health).

Cue of Diet or Malnutrition
The hypothesis that WHR could be a cue of women’s diet or
malnutrition is found in 5% of the papers.

Correlation With WHR

One paper mentions that a high WHR could be a sign of
Kwashiorkor, a form of malnutrition (Streeter and McBurney,
2003). Indeed, WHR can increases in some cases of malnutrition
because of the presence of an oedema enlarging waist size
(Golden, 1982; Waterlow, 1984).

A diet rich in fibrous food can also increases waist size and
thus WHR. For example, Marlowe states that Hadza women may
have a high WHR because “a larger gut is required to hold the
amount of bulky, fibrous tubers in the Hadza diet” (Marlowe
et al., 2005).

Effect on the Man’s Reproductive Success
Malnutrition increases the morbidity and mortality of a woman
and her children, and might also decreases her fecundity (Mosley,
1977; Osteria, 1982; Hernandez-Julidn et al., 2014). Choosing
a mate suffering from malnutrition will thus decrease one’s
reproductive success. The prevalence of malnutrition involving
a high WHR during our evolutionary past should be explored, to
establish if it could have represented an evolutionary force for the
preferences toward low WHRs.

Concerning diet, it is not clear if a large waist reveals a good
ability to digest fibrous food or a poor ability to assimilate this
kind of food. If the latter is true, a higher WHR will be associated
with less resources available for pregnancy and lactation, leading
to lower survival and quality of descendants. The opposite will
be true if a large waist is associated with a better ability to digest
fibrous food.

The hypotheses of WHR as a cue of malnutrition or diet (or
ability to digest some type of food) have been mainly ignored,
and evidence is thus missing.

Perception of the Characteristic Using WHR
There is no specific research on the perception of diet or
malnutrition based on WHR.

Cue of Fetal Conditions

This hypothesis is mentioned only once in the literature (Singh,
1995). It stipulates that the WHR of an adult woman could be an
indication of her developmental conditions before her birth.

Correlation With WHR

A negative link between adult WHR and birth weight, or
placental weight to birth weight ratio (an indicator of retarded
fetal growth), has been found, but this study is only composed of
men over 50 years old (Law et al., 1992). To my knowledge, there
is no empirical evidence showing that young women’s WHR is a
reliable cue of their fetal development.

Effect on the Man’s Reproductive Success

A low birthweight is associated with higher infant mortality
(Chase, 1969; Behrman et al., 1982), but this cannot affect a mate’s
reproductive success, as the mating occurs after the woman’s
survival to infancy. But a low birthweight also has some negative
outcomes later in life (Bateson et al., 2004), for women’s fertility
(Hackman et al., 1983) and longevity (Baker et al., 2008, which
decreases the likelihood of having a living and healthy mother
caring for her mate’s descendants, see section Cue of Health).

On the other hand, as explained in section Cue of Quantity
and Availability of “Reproductive Fat,” a low birthweight is also
associated with some advantages in harsh environments (Bateson
et al., 2004), as well as a relatively early sexual maturation and
reproduction (Nettle, 2010), which might increase the number of
descendants for the potential mate.

To conclude, WHR as a cue of a woman’s fetal condition
could have, in theory, a negative, positive or null effect on
her mate’s reproductive success. Combined with the fact that
the link between WHR and fetal conditions has been shown
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for older men only, this hypothesis lacks both empirical and
theoretical support.

Perception of the Characteristic Using WHR
There is no test of the effect of WHR on perceived
fetal conditions.

Cue of Pelvis Size

This hypothesis, found in 16% of the papers in this literature, is
already reported in one of the first papers from Singh (1993b), see
Figure 2), and states that WHR is a cue of the size (or shape) of
women’s pelvis.

Correlation With WHR
WHR is, by definition, linked to hip size, which is indicative
of underlying pelvic skeletal morphology. It is unclear, however,
how much of the variation in WHR is explained by pelvic size (it
seems that most of the variance in WHR is due to fat storage on
the hip and waist regions).

Effect on the Man’s Reproductive Success

The size of the pelvis determines the size of the bony pelvic
canal through which the fetus passes during a delivery. As such,
a wider pelvis reduces the risk of obstructed labor (Caldwell and
Moloy, 1933; Stalberg et al., 2006). In the absence of healthcare,
women who are unable to deliver their babies perish, along with
their babies. Moreover, obstructed labor can lead to many long-
term health issues on both sides, which can influence future
survival and fertility. Thus, a woman’s small pelvis will decrease
the number of descendants a man can sire with her.

However, a large pelvis can be an obstacle to efficient
locomotion (Leutenegger, 1974; Lovejoy, 1988; Ruff, 2017 but
see Warrener et al, 2015). A woman with a lower ability to
walk will have higher difficulties to secure resources for her
children, which will decrease their survival or quality. Altogether,
stabilizing selection is expected to be operating on female hip size,
as well as on men’s preferences for this trait.

To conclude, the evolutionary costs and benefits of a wide
pelvis seem more appropriate to explain the origin of the
sexually dimorphic hip size via natural selection, than to explain
men’s preferences for a specific WHR. Female pelvic size and
shape are the result of two conflicting evolutionary pressures:
bipedal locomotion and parturition of a highly encephalized fetus
(Leutenegger, 1974; Lovejoy, 1988; Rosenberg and Trevathan,
1995 but see Leong, 2006; Betti and Manica, 2018). It is possible
that the link between pelvic size and childbirth and locomotion
contributed to the selection of men’s preference for an average
hip size, but more research is needed to confirm its effect on men’s
reproductive success.

Perception of the Characteristic Using WHR

To my knowledge, nobody has tested the effect of
WHR on perceived difficulties during childbirth, or on
perceived locomotion.

Cue of Center of Body Mass
This hypothesis, suggested by Pawlowski and Dunbar (2001) and
Pawlowski and Grabarczyk (2003) and found in 6% of the papers

in the literature, stipulates that WHR is linked to the position of
the body’s center of gravity, which influences bipedal stability.

Correlation With WHR

Everything else being equal, alower WHR will lower the center of
mass of the body. One study uses body measurements of young
women to experimentally establish the correlation between WHR
and the center of body mass (Pawlowski and Grabarczyk, 2003).
However, the correlation is not very strong in their sample of
students, and more data is required.

Effect on the Man’s Reproductive Success
In advanced pregnancy and during lactation, when the infant
is being carried, a bipedal female has to contend with a
substantial increase in the anterior load above the center of
gravity (Pawlowski, 2001). Fat deposits in the buttocks and thighs
may prevent the center of gravity from moving upwards and
forwards, and facilitate walking and foraging during pregnancy
and lactation. Choosing a mate with a lower center of gravity
could increase the survival of the fetus and infants a man would
sire with this woman, as she would be less likely to fall and injure
the fetus, the infant or herself, and she would be more successful
in foraging or escaping predation during these critical periods. A
lower center of gravity would also mean a lower energetic cost
to maintain balance, and thus an increase in resources available
to be directed toward the descendants. Thus, a woman’s center
of gravity could have an effect on her mate’s reproductive success
(Pawlowski and Dunbar, 2001; Pawlowski, 2003).

However, as with the pelvic size argument, this hypothesis
seems more suitable to explain the origin of dimorphic body
shapes in the human species than to explain men’s preferences.

Perception of the Characteristic Using WHR

To my knowledge, there has been no research concerning WHR
and perceived center of body mass, or perceived walking abilities
during pregnancy and lactation.

Cue of Ability to Cope With Stress

The link between stress and women’s WHR exists in the literature
since 1995 (Singh, 1995, see Figure 2), but is included in only 5%
of the papers. Depending on the author, a high WHR could be a
sign of exogenous stress, a cue of a poor ability to cope with stress,
or a cue of an effective response to stress.

Correlation With WHR

Compared to women with low WHRs, women with high
WHRs report more chronic stress and have more psychological
and psychiatric issues (Bjorntorp, 1987b, 1993). According to
Bjorntorp, a high WHR might be interpreted as a sign of an
inability to cope with environmental stress. One experiment
shows that women with high WHRs evaluate laboratory
challenges as more threatening, performed more poorly on them,
and reported more chronic stress (Epel et al., 2000).

However, Cashdan draws an opposite conclusion from the
same observations (Cashdan, 2008). Cortisol (the levels of
which are associated with WHR) enables the mind and body
to respond effectively to stress, by shifting energy substrates
from storage sites to the bloodstream and by increasing blood
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pressure and cardiac output. As part of this response, cortisol
increases WHR by increasing visceral fat. Conversely, stress-
induced cortisol secretion is greater among women with more
central fat (Epel et al., 2000).

To conclude, WHR seems to be related to stress responses,
but it is not clear if a low WHR is a cue of a good or a poor
ability to cope with environmental stress. The stress responses
in women with high WHRs may be maladaptive in most
WEIRD populations, yet it could be adaptive where conditions
are extreme or where stress is episodic rather than constant
(Cashdan, 2008).

Effect on the Man’s Reproductive Success

If a high WHR is a sign of inadequate coping with stress, women
with a high WHR may bear descendants of lower quality because
they may be less able to secure resources or provide care for them.
However, the opposite is true if a high WHR is a sign of a better
ability to respond to stress.

Maternal stress during fetal growth can lead to a lower
birthweight. Stress also has epigenetic effects on offspring’ life
history trajectories and health (Worthman and Kuzara, 2005).
However, according to the adaptationist life history perspective,
these effects could be associated with a phenotype adapted to
the environment (Bateson et al., 2004; Worthman and Kuzara,
2005; Nettle, 2010, see section Cue of Quantity and Availability
of “Reproductive Fat”).

To conclude, it is unclear if choosing a woman with a lower
WHR, as a cue of stress responses, would have a positive, neutral
or negative impact on a man’s reproductive success. The answer
will probably differ according to the environment, and could
lead to a preference for a relatively high WHR in some cases
(Cashdan, 2008).

Opverall, this hypothesis lacks clarity. Nevertheless, the link
between stress and WHR is a valuable explanation of the
variability of women’s WHRs (Cashdan, 2008).

Perception of the Characteristic Using WHR
To my knowledge, the effect of WHR on perceived stress, or
ability to cope with stress, has not been investigated.

Cue of Ability to Acquire Resources

It has been suggested that a preference for a relatively high
WHR could be adaptive in some environments because the
hormonal profile associated with high WHRs (high androgen and
cortisol, low estrogen) may favor success in resource competition,
particularly under stressful and difficult circumstances (Cashdan,
2008). This hypothesis is mentioned in 10% of the papers.

Correlation With WHR

High androgen levels in women are associated both with higher
WHR (Evans et al., 1983; Elbers et al., 1997; Santoro et al., 2005;
van Anders and Hampson, 2005) and with greater assertiveness,
competitiveness and aggressiveness in women (Purifoy and
Koopmans, 1979; Baucom et al., 1985; Dabbs et al., 1988;
Cashdan, 1995; Udry et al., 1995; Harris et al., 1996; Dabbs
and Hargrove, 1997; Grant and France, 2001; von der Pahlen
et al., 2002). Androgens also increase muscle mass and physical

strength (Bhasin et al, 1996). Unfortunately, these studies
have been conducted in western countries only, limiting the
generalization of the results to other populations.

Androgens also shape features other than WHR (including
facial traits, body features and voice; Abitbol et al., 1999;
Rickenlund et al., 2003; Lefevre et al., 2013; Whitehouse
et al., 2015), and individuals can rely on other cues to assess
androgen levels. More importantly, men could use more direct
cues of the ability to access resources (e.g., behavior, physical
accomplishments or quantity of resources) and may not need
indirect cues.

Effect on the Man’s Reproductive Success

According to this hypothesis, having a relatively high WHR can
increase a woman’s survival and reproductive success, because
she will be more able to work hard to support herself and her
children, compete directly for resources for them, and cope with
resource scarcity. Most of these effects will translate into positive
effects on her mate’s reproductive success.

In this case, the optimal female WHR (for herself and her
mate) is likely to vary with the circumstances. In societies where
women are expected to provide most of the food, through
hard physical work and competition, the balance should be
tipped toward a hormonal profile consistent with a higher WHR.
In more benign conditions, where women get most of their
resources from investing men, a hormonal profile consistent with
a low WHR might be more adaptive (Cashdan, 2008).

Overall, as proposed by Cashdan herself, this hypothesis is
more likely to explain the variations in women’s WHRs (between
environments and within lifetime) than to account for men’s
preferences (Cashdan, 2008). However, we cannot exclude that
the link between WHR and women’s ability to acquire resources
might play a role in the variations observed in the exact value of
the preferred WHR between populations.

Perception of the Characteristic Using WHR

One study investigating perceived aggressiveness finds no effect
of WHR (Singh, 1994). Another study finds no effect of WHR
on factors linked to perceived ambition, independence, self-
confidence and success (Henss, 1995). Two studies find that
figures with low WHRs are rated as more dominant than figures
with high WHRs (Henss, 2000; Buunk and Dijkstra, 2005), which
goes in the opposite direction of what is expected according to
the present hypothesis. However, these studies are designed to
investigate the competition for a mate, not the competition for
resources. Studies exploring the effect of WHR on the perceived
ability to acquire resources (and not mates) are needed.

Cue of Sex Ratio and Level of Testosterone

in Descendants

This hypothesis includes two different sub-hypotheses. The first
one, suggested by Manning et al. (1996), stipulates that women
with a high WHR have more sons than women with a low
WHR, controlling for the total number of children. The second
hypothesis states that women with a high WHR have children
exhibiting higher levels of testosterone. Pooled together, these
two hypotheses are found in 4% of the literature (see Figure 2).

Frontiers in Psychology | www.frontiersin.org

11

June 2019 | Volume 10 | Article 1221


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

Correlation With WHR
A few studies show that a woman’s WHR is positively correlated
with her number of sons (Manning et al., 1996, 1999; Singh
and Zambarano, 1997). However, these studies are measuring
women who already have children and correlate WHR with
the proportion of existing sons, and it is possible that having
sons results in a greater increase in WHR than does having
daughters. A more recent study looking at pre-conception WHR
and offspring gender finds no significant correlation (Tovée et al.,
2001). Thus, there is not enough evidence supporting the fact that
a high WHR would be related to more sons in the future.

Manning also found that women with high WHRs tended
to have children with low 2D:4D ratios (Manning et al., 1999).
A low 2D:4D ratio is supposed to be correlated with high
testosterone levels, and the authors conclude that women with
high WHRs have more masculine children. However, there is new
evidence that the 2D:4D is not a reliable indicator of the levels of
testosterone (Hollier et al., 2015; Whitehouse et al., 2015; Apicella
et al., 2016).

In conclusion, the idea that a woman with a high WHR will
produce more sons or more masculine children is not supported
by empirical data.

Effect on the Man’s Reproductive Success

Several theories postulate that the sex of the descendants
can influence an individual’s reproductive success (Hiraiwa-
Hasegawa, 1993; Hiraishi et al., 2016). The advantage of sons over
daughters depends on various characteristics of both the parents
(condition or rank) and the population (including dispersal
patterns, inheritance of rank or resources, and degrees of local
resource competition). In some cases, one sex has a greater
chance of survival and a higher potential reproductive success
than the other.

In the hypothetical case where high-WHR women would
have children with high testosterone levels, choosing a mate
with a relatively high WHR could represent an advantage in
some environments. High testosterone is related to various
characteristics (from muscular strength to competitive behavior;
Bhasin et al., 1996; Apicella et al, 2011, 2015; Schipper,
2014), which could lead to a higher survival and a higher
reproductive success.

To conclude, choosing a mate likely to produce more sons or
more masculine children could increase the reproductive success
of an individual, but it will depend on the environment and
on the of the individuals’ condition. More importantly, there
is no solid evidence that WHR is an indicator of the sex ratio
or masculinity of the future descendants. This hypothesis is
therefore not supported by empirical evidences.

Perception of the Characteristic Using WHR
The effect of women’s WHR on the perception of their children’s
sex ratio or masculinity has never been investigated.

Cue of Sexual or Maternal Behavior

Interestingly, the idea that a woman’s WHR is linked to her
behavior and personality, as perceived by others, is found in
many of the pioneering papers of this literature (Singh, 1993a,b,
1994; Henss, 1995; Singh and Luis, 1995; Singh and Young, 1995;

Furnham et al.,, 1998, 2004, 2005; Sugiyama, 2004). However,
clear mentions of the hypothesis that WHR could be used as a
predictor of past and future behavior by men to choose a mate
are rare (2% of the papers) and recent (see Figure 2).

Correlation With WHR

Compared to women with a high WHR, women with alow WHR
tend to have a less restricted sociosexuality, sexual intercourse
at an earlier age, more sexual partners, and more extrapair
copulations (Mikach and Bailey, 1999; Hughes and Gallup, 2003;
Fisher etal., 2016). The question remains whether this correlation
is due to different preferences and behaviors expressed by women
(with hormonal levels as a potential proximal mechanism), or
if it only reflects the different opportunities linked to different
levels of physical attractiveness. In the latter case, this correlation
cannot explain the origin of male preferences for a certain WHR
[but it could potentially explain its maintenance, see section Cue
of Sexy Daughters (Fisherian Runaway Model)].

Estrogen, testosterone and cortisol levels, all influencing
WHR, are linked to maternal investment in many species,
including humans (Fleming et al., 1997; Bardi et al., 2001; Dwyer
et al., 2004). Thus, WHR could be a cue of women’s maternal
tendencies. However, there is no direct evidence of a correlation
between a womans WHR before pregnancy and her future
maternal investment. Only a few studies provide some indirect
evidences for this hypothesis, by showing a correlation between
hormonal levels and reported maternal tendencies (Deady and
Law Smith, 2006; Deady et al., 2006; Law Smith et al., 2012).

To conclude, more direct evidence is needed to validate
the links and mechanisms between women’s WHR and
their behavior.

Effect on the Man’s Reproductive Success

The effect of women’s sexual behavior on their mates’
reproductive success is double-edged. Women with unrestricted
sociosexual orientations, relative to those with more restricted
orientations, are more likely to engage in sex at an earlier
point in their relationships and have more sexual partners
(Simpson and Gangestad, 1991). Thus, being attracted to women
with a less restricted sociosexuality might increase the man’s
chances of mating. On the other hand, women with unrestricted
sociosexuality are also more willing to engage in and report
higher levels of extradyadic activity (Seal et al., 1994; Barta and
Kiene, 2005; Rodrigues et al., 2017; Weiser et al., 2018), therefore
increasing the risk of extra-pair copulation costs for their mate
(see section Cue of Current Pregnancy). However, these results
need to be replicated in non-WEIRD populations before drawing
any strong conclusions.

Mating with a woman with a less restricted sociosexuality also
increases the risks of being contaminated by sexually transmitted
diseases (Hall, 2012). Women with unrestricted sociosexual
orientations report more casual sex encounters and multiple and
concurrent sexual partners, factors known to increase the risk for
exposure to sexually transmitted diseases (Seal and Agostinelli,
1994; Hoyle et al., 2000).

In sum, the effects of a less restricted sociosexuality on
the mate’s reproductive success are potentially positive for a
short-term relationship if the occurrence of sexually transmitted
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diseases in the population is low, and probably null or negative
for a long-term relationship.

Higher maternal investment can increase the survival and
quality of the descendants. However, as stated earlier, to this date
there is no direct empirical evidence supporting pre-pregnancy
WHR as a cue of future maternal investment.

Opverall, this hypothesis has not been explored in many papers,
and lacks empirical and theoretical support.

Perception of the Characteristic Using WHR

Several of the early studies investigate the effect of WHR on
perceived behavioral and personality traits, but these papers do
not include any theoretical background regarding WHR as a
potential cue of behavior or personality (Singh, 1993a,b, 1994;
Henss, 1995; Singh and Luis, 1995; Singh and Young, 1995;
Furnham et al., 1998, 2004, 2005; Sugiyama, 2004). The absence
of prediction in these papers is problematic, as the questions
asked to the participants are sometimes unclear, and the authors
often pooled together items which are linked to different
hypotheses, making it impossible to properly test the hypothesis.

Some authors explore the effect of WHR on perceived traits
like “desire for children,” “likes children,” “good parent,” or
“nurturing” (Singh, 1993a,b, 1994; Henss, 1995; Singh and Luis,
1995; Furnham et al., 2005), but the results are inconsistent.
Thus, there is no good evidence that WHR is perceived as a
cue of maternal behavior, but more appropriate tests with clear
predictions are needed.

In a few studies, participants rated figures with high WHRs
as more “faithful” (Singh, 1994; Singh and Young, 1995). Other
studies find that figures with a low WHR are perceived as
more “flirtatious” (Furnham et al., 2005). These results are in
accordance with the hypothesis that WHR serves as a cue of
sexual behavior.

Cue of Sexy Daughters (Fisherian
Runaway Model)

Fisher famously described a process whereby a small initial
preference ultimately leads to extreme traits and preferences
through “runaway” selection (Fisher, 1930). If a particular trait
in one sex is preferred in mates, then genes disposing stronger
preference for the trait could spread as they become linked with
genes predisposing the preferred trait.

This hypothesis is not specific to WHR. In fact, the runaway
process is almost never applied to men’s preferences for WHR.
Yet, in one paper, Singh explains that WHR is heritable and
“offspring of women with lower, more feminine, WHR would
have inherited good health and would have been physically
attractive to potential mates” (Singh and Randall, 2007). Tassinary
also refers to the runaway model, especially to explain why
very small WHRs could theoretically be attractive to men
(Tassinary and Hansen, 1998).

Correlation With WHR

For this hypothesis to be valid, WHR needs to be genetically
heritable, and there is some evidence that this is the case
(Donahue et al., 1992; Bouchard et al., 1996; Schousboe et al.,
2004). According to this hypothesis, daughters of women with

a low WHR will have a lower WHR and thus will be more
attractive. The hypothesis also requires some heritability of
preferences for a low WHR. However, this heritability may
cease to be observed once the preference invades the population
(since there will not be enough variance in the preferences left).
Importantly, this hypothesis does not require any link between
WHR and any physiological quality.

Effect on the Man’s Reproductive Success

According to this hypothesis, a man mating with a woman
with a low WHR will have more attractive daughters than if
he mates with a woman with a high WHR. These attractive
daughters will have a higher mating and thus reproductive
success in the next generation in a population with men
attracted by low WHRs, which will have a positive impact
on their father’s reproductive success. The size of the effect
of women’s WHR on their daughters’ reproductive success
remains to be identified. Indirect evidence can be found
in studies showing that a low WHR is linked to a higher
number of sexual partners, as a proxy for mating success
(Mikach and Bailey, 1999; Hughes and Gallup, 2003).

It is important to point out that this hypothesis slightly
differs from the other ones in this review because it only
involves indirect selection on men’s preferences. A man’s mating
preference is favored by direct selection if it increases his own
lifetime reproductive output, and by indirect selection if his
preference increases the reproductive output of his offspring.
Some authors have shown that indirect selection on mate choice
via the sexual attractiveness of offspring is a weak evolutionary
force relative to direct selection (Kirkpatrick and Barton, 1997).
However, such statements of relative strength should not be
taken to imply that indirect selection is of little evolutionary
importance (Kokko et al., 2003). This would be true only if direct
and indirect selections were opposed, which does not seem to be
the case for men’s preference for WHR (most of the hypotheses
point toward a preference for a low WHR). This hypothesis can
then be seen as an additional force reinforcing direct selection on
men’s preferences.

Another possible limitation regarding this hypothesis is the
indirect cost of sexual antagonism. If WHR is genetically
heritable for both sexes, men will have to trade off higher sexiness
in daughters with lower-quality sons when choosing a mate, as
optimal WHR value differ between men and women (Rice and
Chippindale, 2001). Measures of the heritability of WHR for both
sexes is necessary to determine the existence of this indirect cost.

Perception of the Characteristic Using WHR

To my knowledge, there is no study investigating the effect
of WHR on perceived attractiveness of a woman’s future
descendants. The only questions somehow related to this issue
are asked by Andrews et al. (2017): “If this woman were to have
a child, it would make friends easily;” “If this woman were to
have a child, it would be popular.” They find that the ratings for
these items are higher for women with low WHRs. However,
these questions were not specifically designed to explore this
particular hypothesis.
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TABLE 1 | Proposition of classification of the hypotheses found in the literature,
according to their theoretical plausibility.

More evidence is needed to evaluate the plausibility of the hypothesis
Plausible hypothesis for the selection of women’s WHR

Plausible hypothesis for the emergence of men’s preferences
Plausible hypothesis for the maintenance of men’s preferences

Unfit hypothesis in light of the current evidence

1. Cue of biological sex
2. Cue of (reproductive) age

3. Cue of current pregnancy

xX X X X
xX X X X

4. Cue of parity
5. Cue of fecundity X
6. Cue of quantity and availability of “reproductive fat” X X
7. Cue of health
8. Cue of parasite load
9. Cue of diet
10. Cue of fetal conditions X
11. Cue of pelvis size X
12. Cue of center of body mass
13. Cue of ability to cope with stress X
14. Cue of ability to acquire resources X X
15. Cue of sex ratio and level of testosterone in descendants X
16. Cue of sexual or maternal behavior X

17. Cue of sexy daughters (Fisherian runaway model) X

Some hypotheses are unlikely to explain men'’s preferences toward a certain WHR (column
1). Some hypotheses are likely to explain the emergence of men’s preferences during
our evolutionary history (column 3), while others better explain the maintenance of these
preferences, once they already emerged in the population (column 4). Some hypotheses
are good explanations for the selection of a certain WHR in human populations, but do not
necessarily lead to a selection of men’s preferences (column 5). Finally, some hypotheses
need further investigation before one could properly estimate their plausibility (column 2).
Both categories and hypotheses are non-exclusive.

Summary of Hypotheses Plausibility

The conclusions of the theoretical analyses of each
hypothesis presented in this paper are summarized in
Table 1. This classification is obviously not definitive and
is anticipated to change according to the discovery of
new evidence.

DISCUSSION

In this paper, I review the hypotheses explaining why men’s
preferences for a certain WHR in women may have been selected
in the human species. These hypotheses are numerous, and
overall, there is some solid theoretical and empirical support
in favor of a selection of men’s preferences for a mate with a
relatively low WHR (with some variations on the exact value
according to the population and the environment). However,
many of the papers on this topic do not properly develop the
theoretical framework, and some interesting hypotheses have
been overlooked, while some of the most popular hypotheses
require stronger theoretical or empirical support.

To show that men’s preference for a certain WHR is an
adaptation, it is necessary to demonstrate that a man choosing
a mate with a certain WHR will benefit from an increase
in reproductive success. Thus, it is crucial to describe the
consequences of the preference and show that it can have
an impact on the quantity or quality of men’s descendants.
Importantly, the ultimate focus here is the reproductive success of
the individual who is expressing the preference, not of the woman
displaying a certain WHR.

WHR as a cue of women’s health is one of the most cited
hypotheses, appearing in 87% of the papers examined in this
review, although health issues linked to WHR have a very limited
impact on the women’s mates’ reproductive success. WHR as a
cue of women’s fecundity is a notorious hypothesis but is not
supported by empirical evidence among populations of young
and non-obese women (which is the population of interest
for the hypothesis). On the other hand, two hypotheses which
are particularly good candidates (WHR as a cue of current
pregnancy and parity) are too often forgotten in the literature.
Some hypotheses are promising but have been largely overlooked
(e.g., WHR as a cue of parasite load, diet or “sexy daughters”).
WHR as a cue of quantity and availability of “reproductive
fat” hypothesis has received decent empirical and theoretical
support and is now generally accepted in the field. WHR as a
cue of sex ratio and levels of testosterone in descendants is not
supported by empirical evidence, and has therefore never taken
hold in the field. Other interesting hypotheses are better suited
to explain the presence of a sexually dimorphic WHR in our
species through natural selection than men’s preferences: WHR
as a cue of pelvis size and center of body mass. The preference
for slightly higher WHRs in some populations can be explain by
WHR as a cue of the ability to acquire resources, although this
hypothesis is primarily an excellent account for the variability of
women’s WHRs. Crucially, the numerous hypotheses reviewed
in this paper are not mutually exclusive. The most likely scenario
incorporates several of these hypotheses, operating at different
periods of our evolutionary history.

To summarize, WHR is a powerful measure (as shown by the
numerous physical and physiological characteristics correlated
with it), but it may not be as “magical” as often assumed, and
not all the features correlated with WHR are linked to mate
value. Most of the mate value-related information provided by
WHR is relatively basic (sex, age, number of children, current
pregnancy). Nevertheless, WHR is a useful and practical visual
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trait aggregating the information that a potential mate might
not even known is associated with an increase in his own
reproductive success.

Non-adaptive explanations for men’s preferences toward a
certain WHR are not the focus of this paper but they are not
necessarily refuted. For example, some authors argue that low
WHR preferences may be the result of a generic psychological
mechanism of enhanced responding to exaggerated features, or
“supernormal” stimuli (Gray et al., 2003). According to this
hypothesis, if men view a low WHR as “typical” of female
bodies, this could lead men to prefer female WHRs that are even
lower than normally attainable (Gray et al., 2003). However, this
hypothesis still requires that men use WHR as a cue of biological
sex (a hypothesis reviewed in this paper). Men’s preferences for
a certain WHR can also be explained by sociocultural theories.
For example, it is argued that cross-cultural variations in men’s
preferences for women’s WHR could be based on the gender
roles occupied by men and women in different cultural settings
(Swami et al,, 2006a,b). But this hypothesis still requires an
explanation regarding the origin of the association between WHR
and a certain gender role. Finally, as mentioned earlier, some
authors have argued that WHR might not be the best cue of a
woman’s mate value and that its correlation with attractiveness
might be an artifact of men’s preferences for another physical
characteristic (Tassinary and Hansen, 1998; Tovée et al., 1999;
Furnham et al., 2005; Cornelissen et al., 2009a,b; Brooks et al.,
2010, 2015; Lassek and Gaulin, 2016). A similar systematic review
focusing on a different measure instead of WHR might thus
reveal a different picture than the one depicted here (although
a few hypotheses concerning men’s preferences for features
correlated with WHR are incidentally already included in the
present review).

The sketch presented by this review calls for more theoretical
rigor and precision (and, to be clear, I do include myself in this
criticism). Confusion about the theoretical framework can lead
to inadequate predictions and suboptimal experimental designs.
For example, the stimuli created to test the “WHR as a cue
of current pregnancy” hypothesis should be different from the
one used to test the “WHR as a cue of (reproductive) age,
in terms of WHR range, WHR manipulation (hip or waist
changes), and associations with other visual cues (e.g., age of
the face). The questions asked to participants to explore the
perception of characteristics induced by WHR are often too
vague or inadequate, perhaps due to ambiguity in the underlying
predictions. The imprecision of the predictions tested previously
may have contributed to the increasing number of studies that
find null results when testing evolutionary hypotheses for human
mating preferences. Null results are not an issue per se, but the
repeated failure to validate unsound predictions may incorrectly
lead to the rejection of an evolutionary explanation to human
mate preferences, thus undermining well-founded hypotheses by
discrediting the general research paradigm. Finally, the posited
theoretical framework will inherently drive the search for the
empirical evidence necessary to support a hypothesis. Thus, it
is possible that some of the hypotheses presented here would
have received more empirical evidences if the theory had been

clearer. For example, most of the evidence used to support the
“WHR as a cue of health” hypothesis is not theoretically relevant
(health issues at old age or evolutionary recent diseases), maybe
in part because of an underspecified theory. With new and
more precise predictions, as outlined in this review, additional
evidences could be discovered through a deeper exploration of
the relevant literatures.

This review has several limitations and should be regarded as
a first step to a deeper understanding of this research question,
and as a source of ideas to further test the evolutionary origins
of mate preferences. I focus only on published research, as
the aim is to inventory hypotheses accepted by the academic
community, as well as their recognized justifications. However,
an examination of unpublished data would be an important
next step, in particular to give additional empirical support
for the (im)plausibility of the different hypotheses. Moreover,
the tentative classification of the different hypotheses presented
in Tablel is based on their examination through verbal
theorizing, but formal models might be helpful to provide a more
objective way to define the likelihood of the different scenarios.
Quantitative data on the correlations between WHR and the
hypothesized traits needs to be gathered, as it would help for
the specification of the parameters in such models. Additional
layers could be explored to further scrutinize the plausibility
of the hypotheses. For example, scenarios where a positive link
between women’s WHR and her offspring’s reproductive success
is a necessary condition would require a stronger selection than
scenarios based on a higher number and survival of offspring.

In this review, I focus on the literature regarding men’s
adaptive preferences for women’s WHR, but the criticism
presented here could be applied to other research topics in
evolutionary psychology. Itis crucial to establish the evolutionary
plausibility of existing hypotheses. Otherwise, we risk hanging
on too long to implausible—although often parsimonious—
explanations, which can harm the credibility of our field in the
long run. Since the replication crisis, much effort has been made
to improve our methodological practices, which is extremely
encouraging. I hope that this aspiration toward more rigor will
also be reflected in how we approach the theoretical foundations
of our research.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

ACKNOWLEDGMENTS

I thank Vittorio Merola, as well as the three reviewers, for their
meticulous and helpful comments.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2019.01221/full#supplementary-material

Frontiers in Psychology | www.frontiersin.org

15

June 2019 | Volume 10 | Article 1221


https://www.frontiersin.org/articles/10.3389/fpsyg.2019.01221/full#supplementary-material
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

REFERENCES

Abend, P., Pfliger, L. S, Koppensteiner, M., Coquerelle, M. and
Grammer, K. (2015). The sound of female shape: a redundant signal
of vocal and facial attractiveness. Evol. Hum. Behav. 36, 174-181.
doi: 10.1016/j.evolhumbehav.2014.10.004

Abitbol, J., Abitbol, P., and Abitbol, B. (1999). Sex hormones and the female voice.
J. Voice 13, 424-446. doi: 10.1016/s0892-1997(99)80048-4

Amarin, V. N,, and Akasheh, H. F. (2001). Advanced Maternal Age and Pregnancy
Outcome. Available online at: https://apps.who.int/iris/handle/10665/119069
(accessed March 9, 2019).

Andrews, T. M., Lukaszewski, A. W., Simmons, Z. L., and Bleske-
Rechek, A. (2017). Cue-based of reproductive
explain women’s body attractiveness. Evol. Hum. Behav. 38, 461-467.
doi: 10.1016/j.evolhumbehav.2017.04.002

Apicella, C. L, Carré, J. M., and Dreber, A. (2015). Testosterone and
economic risk taking: a review. Adapt. Hum. Behav. Physiol. 1, 358-385.
doi: 10.1007/s40750-014-0020-2

Apicella, C. L., Dreber, A., Gray, P. B., Hoffman, M., Little, A. C., and Campbell, B.
C. (2011). Androgens and competitiveness in men. J. Neurosci. Psychol. Econ. 4,
54-62. doi: 10.1037/a0021979

Apicella, C. L., Tobolsky, V. A., Marlowe, F. W., and Miller, K. W. (2016). Hadza
hunter-gatherer men do not have more masculine digit ratios (2D:4D). Am. J.
Phys. Anthropol. 159, 223-232. doi: 10.1002/ajpa.22864

Bacopoulou, F., Efthymiou, V., Landis, G., Rentoumis, A., and Chrousos, G.
P. (2015). Waist circumference, waist-to-hip ratio and waist-to-height ratio
reference percentiles for abdominal obesity among Greek adolescents. BMC
Pediatrics 15:50. doi: 10.1186/s12887-015-0366-z

Baker, J. L., Olsen, L. W, and Serensen, T.
birth and all-cause mortality
doi: 10.1097/EDE.0b013e31816339¢c6

Bardi, M., Shimizu, K., Fujita, S., Borgognini-Tarli, S., and Huffman, M. A.
(2001). Hormonal correlates of maternal style in captive macaques (Macaca
fuscata and M. mulatta). Int. ]. Primatol. 22, 647-662. doi: 10.1023/A:10107937
19669

Barta, W. D., and Kiene, S. M. (2005). Motivations for infidelity in
heterosexual dating couples: the roles of gender, personality differences,
and sociosexual orientation. J. Soc. Relationships 22, 339-360.
doi: 10.1177/0265407505052440

Bateson, P., Barker, D., Clutton-Brock, T., Deb, D., D’udine, B., Foley, R. A,,
et al. (2004). Developmental plasticity and human health. Nature 430, 419-421.
doi: 10.1038/nature02725

Baucom, D. H., Besch, P. K., and Callahan, S. (1985). Relation between testosterone
concentration, sex role identity, and personality among females. J. Pers. Soc.
Psychol. 48:1218.

Beall, C. M., and Goldstein, M. C. (1992). High prevalence of excess fat and
central fat patterning among Mongolian pastoral nomads. Am. J. Hum. Biol.
4, 747-756. doi: 10.1002/ajhb.1310040606

Behrman, R. E., Koops, B. L., Morgan, L. J., and Battaglia, F. C. (1982). Neonatal
mortality risk in relation to birth weight and gestational age: update. J.
Pediatrics 101, 969-977. doi: 10.1016/50022-3476(82)80024-3

Betti, L., and Manica, A. (2018). Human variation in the shape of the birth
canal is significant and geographically structured. Proc. R. Soc. B 285:20181807.
doi: 10.1098/rspb.2018.1807

Bhasin, S., Storer, T. W., Berman, N., Callegari, C., Clevenger, B., Phillips, J., et al.
(1996). The effects of supraphysiologic doses of testosterone on muscle size and
strength in normal men. N. Engl. ]. Med. 335, 1-7.

Bjorkelund, C., Lissner, L., Andersson, S., Lapidus, L., and Bengtsson, C. (1996).
Reproductive history in relation to relative weight and fat distribution.
Maturitas 25:78. doi: 10.1016/0378-5122(96)81659-8

Bjoérntorp, P. (1987a). Fat cell distribution and metabolism. Ann. N. Y. Acad. Sci.
499, 66-72. doi: 10.1111/§.1749-6632.1987.tb36198 x

Bjorntorp, P. (1987b). The associations between obesity, adipose tissue distribution
and disease. Acta Med. Scand. 222, 121-134.

Bjorntorp, P. (1991). Adipose-tissue distribution and function. Int. J. Obes.
15, 67-81.

Bjorntorp, P. (1993). Visceral obesity: a “civilization syndrome.” Obes. Res. 1,
206-222. doi: 10.1002/j.1550-8528.1993.tb00614.x

estimates value

I A. (2008). Weight at
in adulthood. Epidemiology 19:197.

Pers.

Bleske-Rechek, A., Harris, H. D., Denkinger, K., Webb, R. M., Erickson, L., and
Nelson, L. A. (2011). Physical cues of ovulatory status: a failure to replicate
enhanced facial attractiveness and reduced waist-to-hip ratio at high fertility.
Evol. Psychol. 9, 336-353. doi: 10.1177/147470491100900306

Bohler, H., Mokshagundam, S., and Winters, S. J.
tissue and reproduction in women. Fertil. Steril.
doi: 10.1016/j.fertnstert.2009.03.079

Bouchard, C., Rice, T., Lemieux, S., Després, J. P., Pérusse, L., and Rao, D. C. (1996).
Major gene for abdominal visceral fat area in the Québec Family Study. Int. J.
Obes. Relat. Metab. Disord. 20, 420-427.

Bro-Jorgensen, J. (2010). Dynamics of multiple signalling systems: animal
communication in a world in flux. Trends Ecol. Evol. 25, 292-300.
doi: 10.1016/j.tree.2009.11.003

Brooks, R., Shelly, J. P., Fan, J., Zhai, L., and Chau, D. K. P. (2010). Much more
than a ratio: multivariate selection on female bodies. J. Evol. Biol. 23,2238-2248.
doi: 10.1111/.1420-9101.2010.02088.x

Brooks, R. C,, Shelly, J. P., Jordan, L. A., and Dixson, B. J. (2015). The multivariate
evolution of female body shape in an artificial digital ecosystem. Evol. Hum.
Behav. 36, 351-358. doi: 10.1016/j.evolhumbehav.2015.02.001

Brown, J. E., Potter, J. D., Jacobs, D. R., Kopher, R. A., Rourke, M. J., Barosso, G. M.,
et al. (1996). Maternal waist-to-hip ratio as a predictor of newborn size: results
of the diana project. Epidemiology 7, 62-66.

Butovskaya, M., Sorokowska, A., Karwowski, M., Sabiniewicz, A., Fedenok,
], Dronova, D., et al. (2017). Waist-to-hip ratio, body-mass index, age
and number of children in seven traditional societies. Sci. Rep. 7:1622.
doi: 10.1038/s41598-017-01916-9

Buunk, B. P, and Dijkstra, P. (2005). A narrow waist versus broad shoulders:
sex and age differences in the jealousy-evoking characteristics of a rival’s body
build. Pers. Individ. Differ. 39, 379-389. doi: 10.1016/j.paid.2005.01.020

Caldwell, W. E., and Moloy, H. C. (1933). Anatomical variations in the female
pelvis and their effect in labor with a suggested classification. Am. J. Obstetr.
Gynecol. 26, 479-505. doi: 10.1016/S0002-9378(33)90194-5

Candolin, U. (2003). The use of multiple cues in mate choice. Biol. Rev. 78,
575-595. doi: 10.1017/S1464793103006158

Casey, V. A.,, Dwyer, J. T., Berkey, C. S., Bailey, S. M., Coleman, K. A,
and Valadian, I. (1994). The distribution of body fat from childhood to
adulthood in a longitudinal study population. Ann. Hum. Biol. 21, 39-55.
doi: 10.1080/03014469400003062

Cashdan, E. (1995). Hormones, sex, and status in women. Hormones Behav.
29, 354-366.

Cashdan, E. (2008). Waist-to-hip ratio across cultures: trade-offs between
androgen- and estrogen-dependent traits. Curr. Anthropol. 49, 1099-1107.
doi: 10.1086/593036

Chase, H. C. (1969). Infant mortality and weight at birth: 1960 United States birth
cohort. Am. J. Publ. Health Nations Health 59, 1618-1628.

(2010).
94,

Adipose
795-825.

Chen, Z.-P., and Hetzel, B. S. (2010). Cretinism revisited. Best Pract.
Res. Clin. Endocrinol. Metab. 24, 39-50. doi: 10.1016/j.beem.2009.
08.014

Cornelissen, P. L., Hancock, P. J. B., Kiviniemi, V., George, H. R., and Tovee, M.
J. (2009a). Patterns of eye movements when male and female observers judge
female attractiveness, body fat and waist-to-hip ratio. Evol. Hum. Behav. 30,
417-428. doi: 10.1016/j.evolhumbehav.2009.04.003

Cornelissen, P. L., Toveé, M. J., and Bateson, M. (2009b). Patterns of subcutaneous
fat deposition and the relationship between body mass index and waist-to-hip
ratio: implications for models of physical attractiveness. J. Theoret. Biol. 256,
343-350. doi: 10.1016/}.jtbi.2008.09.041

Cross, J. H. (1992). Intestinal capillariasis. Clin. Microbiol. Rev. 5, 120-129.
doi: 10.1128/CMR.5.2.120

Dabbs, J., and Hargrove, M. F. (1997). Age, testosterone, and behavior among
female prison inmates. Psychosomat. Med. 59:477.

Dabbs, J. M. Jr., Ruback, R. B, Frady, R. L., Hopper, C. H., and Sgoutas, D. S.
(1988). Saliva testosterone and criminal violence among women. Pers. Individ.
Differ. 9, 269-275.

Deady, D. K., and Law Smith, M. J. (2006). Height in women predicts
maternal tendencies and career orientation. Pers. Individ. Differ. 40, 17-25.
doi: 10.1016/j.paid.2005.06.014

Deady, D. K., Smith, M. J. L, Sharp, M. A, and Al-Dujaili, E. A.
S. (2006). Maternal personality and reproductive ambition in women

Frontiers in Psychology | www.frontiersin.org

16

June 2019 | Volume 10 | Article 1221


https://doi.org/10.1016/j.evolhumbehav.2014.10.004
https://doi.org/10.1016/s0892-1997(99)80048-4
https://apps.who.int/iris/handle/10665/119069
https://doi.org/10.1016/j.evolhumbehav.2017.04.002
https://doi.org/10.1007/s40750-014-0020-2
https://doi.org/10.1037/a0021979
https://doi.org/10.1002/ajpa.22864
https://doi.org/10.1186/s12887-015-0366-z
https://doi.org/10.1097/EDE.0b013e31816339c6
https://doi.org/10.1023/A:1010793719669
https://doi.org/10.1177/0265407505052440
https://doi.org/10.1038/nature02725
https://doi.org/10.1002/ajhb.1310040606
https://doi.org/10.1016/S0022-3476(82)80024-3
https://doi.org/10.1098/rspb.2018.1807
https://doi.org/10.1016/0378-5122(96)81659-8
https://doi.org/10.1111/j.1749-6632.1987.tb36198.x
https://doi.org/10.1002/j.1550-8528.1993.tb00614.x
https://doi.org/10.1177/147470491100900306
https://doi.org/10.1016/j.fertnstert.2009.03.079
https://doi.org/10.1016/j.tree.2009.11.003
https://doi.org/10.1111/j.1420-9101.2010.02088.x
https://doi.org/10.1016/j.evolhumbehav.2015.02.001
https://doi.org/10.1038/s41598-017-01916-9
https://doi.org/10.1016/j.paid.2005.01.020
https://doi.org/10.1016/S0002-9378(33)90194-5
https://doi.org/10.1017/S1464793103006158
https://doi.org/10.1080/03014469400003062
https://doi.org/10.1086/593036
https://doi.org/10.1016/j.beem.2009.08.014
https://doi.org/10.1016/j.evolhumbehav.2009.04.003
https://doi.org/10.1016/j.jtbi.2008.09.041
https://doi.org/10.1128/CMR.5.2.120
https://doi.org/10.1016/j.paid.2005.06.014
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

is associated with salivary testosterone levels. Biol. Psychol. 71, 29-32.
doi: 10.1016/j.biopsycho.2005.01.009

Donahue, R. P., Prineas, R. ], Gomez, O., and Hong, C. P. (1992). Familial
resemblance of body fat distribution: the Minneapolis Children’s Blood
Pressure Study. Int. J. Obes. Relat. Metab. Disord. 16, 161-167.

Downey, D. B. (2001). Number of siblings and intellectual development:
the resource dilution explanation. Am. Psychol. 56, 497-504.
doi: 10.1037/0003-066X.56.6-7.497

Dunson, D. B., Colombo, B., and Baird, D. D. (2002). Changes with age in the level
and duration of fertility in the menstrual cycle. Hum. Reprod. 17, 1399-1403.
doi: 10.1093/humrep/17.5.1399

Dwyer, C. M., Gilbert, C. L, and Lawrence, A. B. (2004). Prepartum
plasma estradiol and postpartum cortisol, but not oxytocin, are associated
with interindividual and breed differences in the expression of maternal
behaviour in sheep. Hormones Behav. 46, 529-543. doi: 10.1016/j.yhbeh.2004.
05.011

Eaton, S. B., Eaton, S. B. III, and Konner, M. J. (1997). Review paleolithic nutrition
revisited: a twelve-year retrospective on its nature and implications. Eur. J. Clin.
Nutr. 51:207.

Eijkemans, M. J. C., Imani, B., Mulders, A. G. M. G. ], Habbema, J. D. F., and
Fauser, B. C. J. M. (2003). High singleton live birth rate following classical
ovulation induction in normogonadotrophic anovulatory infertility (WHO 2).
Hum. Reprod. 18, 2357-2362. doi: 10.1093/humrep/deg459

Elbers, J. M., Asscheman, H., Seidell, J. C., Megens, J. A., and Gooren, L. J. (1997).
Long-term testosterone administration increases visceral fat in female to male
transsexuals. J. Clin. Endocrinol. Metab. 82, 2044-2047.

Epel, E. S., McEwen, B., Seeman, T., Matthews, K., Castellazzo, G., Brownell, K.
D., et al. (2000). Stress and body shape: stress-induced cortisol secretion is
consistently greater among women with central fat. Psychosomat. Med. 62,
623-632. doi: 10.1097/00006842-200009000-00005

Evans, D. J., Hoffmann, R. G., Kalkhoff, R. K., and Kissebah, A. H. (1983).
Relationship of androgenic activity to body fat topography, fat cell morphology,
and metabolic aberrations in premenopausal women. J. Clin. Endocrinol.
Metab. 57, 304-310. doi: 10.1210/jcem-57-2-304

Fisher, C. 1., Hahn, A. C., DeBruine, L. M., and Jones, B. C. (2016). Is women’s
sociosexual orientation related to their physical attractiveness? Pers. Individ.
Differ. 101, 396-399. doi: 10.1016/j.paid.2016.06.022

Fisher, R. A. (1930). The Genetical Theory of Natural Selection: A Complete
Variorum Edition. Oxford: Oxford University Press.

Fleming, A. S., Ruble, D., Krieger, H., and Wong, P. Y. (1997). Hormonal
and experiential correlates of maternal responsiveness during pregnancy
and the puerperium in human mothers. Hormones Behav. 31, 145-158.
doi: 10.1006/hbeh.1997.1376

Fredriks, A. M., van Buuren, S., Fekkes, M., Verloove-Vanhorick, S. P., and Wit, J.
M. (2005). Are age references for waist circumference, hip circumference and
waist-hip ratio in Dutch children useful in clinical practice? Eur. J. Pediatr. 164,
216-222. doi: 10.1007/s00431-004-1586-7

Fretts, R. C., Schmittdiel, J., McLean, F. H., Usher, R. H., and Goldman, M. B.
(1995). Increased maternal age and the risk of fetal death. N. Engl. J. Med. 333,
953-957. doi: 10.1056/NEJM199510123331501

Furnham, A., Dias, M., and McClelland, A. (1998). The role of body weight, waist-
to-hip ratio, and breast size in judgments of female attractiveness. Sex Roles
39, 311-326.

Furnham, A., Lavancy, M., and McClelland, A. (2001). Waist to hip ratio
and facial attractiveness: a pilot study. Pers. Individ. Differ. 30, 491-502.
doi: 10.1016/S0191-8869(00)00040-4

Furnham, A., McClelland, A., and Omer, L. (2003). A cross-cultural comparison
of ratings of perceived fecundity and sexual attractiveness as a function
of body weight and waist-to-hip ratio. Psychol. Health Med. 8, 219-2304.
doi: 10.1080/1354850031000087609

Furnham, A., Mistry, D., and McClelland, A. (2004). The influence of age of
the face and the waist to hip ratio on judgements of female attractiveness
and traits. Pers. Individ. Differ. 36, 1171-1185. doi: 10.1016/S0191-8869(03)
00209-5

Furnham, A., Moutafi, J., and Baguma, P. (2002). A cross-cultural study
on the role of weight and waist-to-hip ratio on female attractiveness.
Pers.  Individ.  Differ. 32, 729-745. doi: 10.1016/s0191-8869(01)
00073-3

Furnham, A., Petrides, K. V., and Constantinides, A. (2005). The effects of body
mass index and waist-to-hip ratio on ratings of female attractiveness, fecundity,
and health. Pers. Individ. Differ. 38, 1823-1834. doi: 10.1016/j.paid.2004.11.011

Furnham, A., Swami, V., and Shah, K. (2006). Body weight, waist-to-hip ratio and
breast size correlates of ratings of attractiveness and health. Pers. Individ. Differ.
41, 443-454. doi: 10.1016/.paid.2006.02.007

Furnham, A, Tan, T., and McManus, C. (1997). Waist-to-hip ratio and preferences
for body shape: a replication and extension. Pers. Individ. Differ. 22, 539-549.

Golden, M. H. (1982). Protein deficiency, energy deficiency, and the oedema of
malnutrition. Lancet 319, 1261-1265. doi: 10.1016/S0140-6736(82)92839-2

Grant, V. J., and France, J. T. (2001). Dominance and testosterone in women. Biol.
Psychol. 58, 41-47. doi: 10.1016/S0301-0511(01)00100-4

Gray, R. D., Heaney, M., and Fairhall, S. (2003). “Evolutionary psychology and
the challenge of adaptive explanation,” in From Mating to Mentality: Evaluating
Evolutionary Psychology, eds K. Sterelny and J. Fitness (New York, NY; Hove:
Psychology Press), 247-268.

Groop, L. (2000). Genetics of the metabolic syndrome. Br. J. Nutr. 83, S39-548.
doi: 10.1017/S0007114500000945

Hackman, E., Emanuel, I, Belle, G., van, and Daling, J. (1983). Maternal
birth weight and subsequent pregnancy outcome. JAMA 250, 2016-2019.
doi: 10.1001/jama.1983.03340150058027

Hall, N. M. (2012). Sociosexuality, human immunodeficiency virus (HIV)
susceptibility, and sexual behavior among African American women. J. AIDS
HIV Res. 5,43-51. doi: 10.5897/JAHR12.049

Harris, J. A., Rushton, J. P., Hampson, E., and Jackson, D. N. (1996).
Salivary testosterone and self-report aggressive and pro-social personality
characteristics in men and women. Aggressive Behav. 22, 321-331.

Hartz, A. J., Rupley, D. C., and Rimm, A. A. (1984). The association of girth
measurements with disease in 32,856 women. Am. J. Epidemiol. 119, 71-80.
Henss, R. (1995). Waist-to-hip ratio and attractiveness. Replication and extension.

Pers. Individ. Differ. 19, 479-488.

Henss, R. (2000). Waist-to-hip ratio and female attractiveness. Evidence from
photographic stimuli and methodological considerations. Pers. Individ. Differ.
28,501-513. doi: 10.1016/s0191-8869(99)00115-4

Hernadndez-Julidn, R., Mansour, H., and Peters, C. (2014). The effects of
intrauterine malnutrition on birth and fertility outcomes: evidence
from the 1974 Bangladesh famine. Demography 51, 1775-1796.
doi: 10.1007/s13524-014-0326-5

Hinkle, S. N., Albert, P. S., Mendola, P., Sjaarda, L. A., Yeung, E., Boghossian, N. S.,
et al. (2014). The association between parity and birthweight in a longitudinal
consecutive pregnancy cohort. Paediatr. Perinatal Epidemiol. 28, 106-115.
doi: 10.1111/ppe.12099

Hiraishi, K., Murasaki, K., Okuda, H., and Yamate, M. (2016). Sexual and romantic
overperception among a japanese young sample: a replication of haselton
(2003). Lett. Evol. Behav. Sci. 7,29-32. doi: 10.5178/1ebs.2016.47

Hiraiwa-Hasegawa, M. (1993). Skewed birth sex ratios in primates: should high-
ranking mothers have daughters or sons? Trends Ecol. Evol. 8, 395-400.
doi: 10.1016/0169-5347(93)90040-V

Hollier, L. P., Keelan, J., Jamnadass, E., Maybery, M., Hickey, M., and Whitehouse,
A. (2015). Adult digit ratio (2D:4D) is not related to umbilical cord androgen
or estrogen concentrations, their ratios or net bioactivity. Early Hum. Dev. 91,
111-117. doi: 10.1016/j.earlhumdev.2014.12.011

Hoyle, R. H. Fejfar, M. C., and Miller, J. D. (2000). Personality and
sexual risk taking: a quantitative review. J. Pers. 68, 1203-1231.
doi: 10.1111/1467-6494.00132

Hughes, S. M., and Gallup, G. G. (2003). Sex differences in morphological
predictors of sexual behavior—shoulder to hip and waist to hip ratios. Evol.
Hum. Behav. 24, 173-178. doi: 10.1016/s1090-5138(02)00149-6

Imani, B., Eijkemans, M. J. C,, te Velde, E. R., Habbema, J. D. F., and Fauser, B. C. .
M. (2002). A nomogram to predict the probability of live birth after clomiphene
citrate induction of ovulation in normogonadotropic oligoamenorrheic
infertility. Fertil. Steril. 77, 91-97. doi: 10.1016/S0015-0282(01)02929-6

Iwasa, Y., and Pomiankowski, A. (1994). The evolution
preferences for multiple sexual ornaments. Evolution 48,
doi: 10.1111/j.1558-5646.1994.tb01367.x

Jasienska, G., Ziomkiewicz, A., Ellison, P. T., Lipson, S. F., and Thune, I. (2004).
Large breasts and narrow waists indicate high reproductive potential in women.
Proc. R. Soc. B271, 1213-1217. doi: 10.1098/rspb.2004.2712

of mate
853-867.

Frontiers in Psychology | www.frontiersin.org

17

June 2019 | Volume 10 | Article 1221


https://doi.org/10.1016/j.biopsycho.2005.01.009
https://doi.org/10.1037/0003-066X.56.6-7.497
https://doi.org/10.1093/humrep/17.5.1399
https://doi.org/10.1016/j.yhbeh.2004.05.011
https://doi.org/10.1093/humrep/deg459
https://doi.org/10.1097/00006842-200009000-00005
https://doi.org/10.1210/jcem-57-2-304
https://doi.org/10.1016/j.paid.2016.06.022
https://doi.org/10.1006/hbeh.1997.1376
https://doi.org/10.1007/s00431-004-1586-7
https://doi.org/10.1056/NEJM199510123331501
https://doi.org/10.1016/S0191-8869(00)00040-4
https://doi.org/10.1080/1354850031000087609
https://doi.org/10.1016/S0191-8869(03)00209-5
https://doi.org/10.1016/s0191-8869(01)00073-3
https://doi.org/10.1016/j.paid.2004.11.011
https://doi.org/10.1016/j.paid.2006.02.007
https://doi.org/10.1016/S0140-6736(82)92839-2
https://doi.org/10.1016/S0301-0511(01)00100-4
https://doi.org/10.1017/S0007114500000945
https://doi.org/10.1001/jama.1983.03340150058027
https://doi.org/10.5897/JAHR12.049
https://doi.org/10.1016/s0191-8869(99)00115-4
https://doi.org/10.1007/s13524-014-0326-5
https://doi.org/10.1111/ppe.12099
https://doi.org/10.5178/lebs.2016.47
https://doi.org/10.1016/0169-5347(93)90040-V
https://doi.org/10.1016/j.earlhumdev.2014.12.011
https://doi.org/10.1111/1467-6494.00132
https://doi.org/10.1016/s1090-5138(02)00149-6
https://doi.org/10.1016/S0015-0282(01)02929-6
https://doi.org/10.1111/j.1558-5646.1994.tb01367.x
https://doi.org/10.1098/rspb.2004.2712
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

Jenkins, J. M., Brook, P. F., Sargeant, S., and Cooke, I. D. (1995). Endocervical
mucus pH is inversely related to serum androgen levels and waist to hip ratio.
Fertil. Steril. 63, 1005-1008. doi: 10.1016/S0015-0282(16)57538-4

Johnson, K. L., Lurye, L. E., and Tassinary, L. G. (2010). Sex categorization among
preschool children: increasing utilization of sexually dimorphic cues. Child Dev.
81, 1346-1355. doi: 10.1111/.1467-8624.2010.01476.x

Johnson, K. L., and Tassinary, L. G. (2005). Perceiving sex directly and
indirectly: meaning in motion and morphology. Psychol. Sci. 16, 890-897.
doi: 10.1111/j.1467-9280.2005.01633.x

Johnstone, R. A. (1996). Multiple displays in animal communication: ‘backup
signals’ and ‘multiple messages.” Philos. Transac. R. Soc. Lond. Ser. B Biol. Sci.
351, 329-338. doi: 10.1098/rstb.1996.0026

Kaye, S. A., Folsom, A. R,, Prineas, R. ], Potter, J. D., and Gapstur, S. M. (1990).
The association of body fat distribution with lifestyle and reproductive factors
in a population study of postmenopausal women. Int. J. Obes. 14, 583-591.

Kiely, J. L., Paneth, N., and Susser, M. (1986). An assessment of the effects of
maternal age and parity in different components of perinatal mortality. Am.
J. Epidemiol. 123, 444-454. doi: 10.1093/oxfordjournals.aje.al114259

Kirchengast, S., and Gartner, M. (2002). Changes in fat distribution (WHR) and
body weight across the menstrual cycle. Coll. Antropol. 26, 47-57.

Kirkpatrick, M., and Barton, N. H. (1997). The strength of indirect selection on
female mating preferences. PNAS 94, 1282-1286. doi: 10.1073/pnas.94.4.1282

Kirschner, M. A., and Samojlik, E. (1991). Sex hormone metabolism in upper and
lower body obesity. Int. J. Obes. 15 (Suppl. 2), 101-108.

Kokko, H., Brooks, R., Jennions, M. D., and Morley, J. (2003). The
evolution of mate choice and mating biases. Proc. R. Soc. B 270, 653-664.
doi: 10.1098/rspb.2002.2235

Kucik, C. J., Martin, G. L., and Sortor, B. V. (2004). Common intestinal parasites.
Am. Family Phys. 69:2.

Lanska, D. J., Lanska, M. J., Hartz, A. J., and Rimm, A. A. (1985). Factors
influencing anatomic location of fat tissue in 52,953 women. Int. J. Obes.
9, 29-38.

Lassek, W. D., and Gaulin, S. J. (2008). Waist-hip ratio and cognitive ability: is
gluteofemoral fat a privileged store of neurodevelopmental resources? Evol.
Hum. Behav. 29, 26-34. doi: 10.1016/j.evolhumbehav.2007.07.005

Lassek, W. D., and Gaulin, S. J. C. (2006). Changes in body fat distribution
in relation to parity in American women: a covert form of maternal
depletion. Am. J. Phys. Anthropol. 131, 295-302. doi: 10.1002/ajpa.
20394

Lassek, W. D., and Gaulin, S. J. C. (2016). What makes jessica rabbit
sexy? Contrasting roles of waist and hip size. Evol. Psychol. 14:59.
doi: 10.1177/1474704916643459

Lassek, W. D., and Gaulin, S. J. C. (2018a). Do the low WHRs and
BMIs judged most attractive indicate better health? Evl. Psychol. 16:3998.
doi: 10.1177/1474704918803998

Lassek, W. D., and Gaulin, S. J. C. (2018b). Do the Low WHRs and BMIs
Judged Most Attractive Indicate Higher Fertility? Evol. Psychol. 16:63.
doi: 10.1177/1474704918800063

Law Smith, M. J., Deady, D. K., Moore, F. R, Jones, B. C., Cornwell,
R. E, Stirrat, M., et al. (2012). Maternal tendencies in women are
associated with estrogen levels and facial femininity. Horm. Behav. 61, 12-16.
doi: 10.1016/j.yhbeh.2011.09.005

Law, C. M., Barker, D. J., Osmond, C., Fall, C. H., and Simmonds, S. J. (1992). Early
growth and abdominal fatness in adult life. J. Epidemiol. Community Health 46,
184-186. doi: 10.1136/jech.46.3.184

Lefevre, C. E., Lewis, G. J., Perrett, D. I, and Penke, L. (2013). Telling facial metrics:
facial width is associated with testosterone levels in men. Evol. Hum. Behav. 34,
273-279. doi: 10.1016/j.evolhumbehav.2013.03.005

Leibel, R. L., Edens, N. K., and Fried, S. K. (1989). Physiologic basis for the
control of body fat distribution in humans. Ann. Rev. Nutr. 9, 417-443.
doi: 10.1146/annurev.nu.09.070189.002221

Leong, A. (2006). Sexual dimorphism of the pelvic architecture: a struggling
response to destructive and parsimonious forces by natural & mate selection.
Mcgill ]. Med. 9, 61-66.

Leutenegger, W. (1974). Functional aspects of pelvic morphology in simian
Primates. J. Hum. Evol. 3, 207-222. doi: 10.1016/0047-2484(74)90179-1

Ley, C. J., Lees, B, and Stevenson, J. C. (1992). Sex- and menopause-
associated changes in body-fat distribution. Am. J. Clin. Nutr. 55, 950-954.
doi: 10.1093/ajcn/55.5.950

Lovejoy, C. O. (1988). Evolution of human walking. Sci. Am. 259, 118-125.

Manning, J. T., Anderton, R., and Washington, S. M. (1996). Women’s waists and
the sex ratio of their progeny: evolutionary aspects of the ideal female body
shape. J. Hum. Evol. 31, 41-47. doi: 10.1006/jhev.1996.0047

Manning, J. T., Trivers, R. L., Singh, D., and Thornhill, R. (1999). The mystery of
female beauty. Nature 399, 214-215. doi: 10.1038/20341

Manolopoulos, K. N., Karpe, F., and Frayn, K. N. (2010). Gluteofemoral
body fat as a determinant of metabolic health. Int. J. Obes. 34, 949-959.
doi: 10.1038/ij0.2009.286

Marlowe, F. W., Apicella, C., and Reed, D. (2005). Men’s preferences for women’s
profile waist-to-hip ratio in two societies. Evol. Hum. Behav. 26, 458-468.
doi: 10.1016/j.evolhumbehav.2005.07.005

Marlowe, F. W., and Wetsman, A. (2001). Preferred waist-to-hip ratio and ecology.
Pers. Individ. Differ. 30, 481-489. doi: 10.1016/50191-8869(00)00039-8

Marti, B., Tuomilehto, J., Salomaa, V., Kartovaara, L., Korhonen, H. J., and
Pietinen, P. (1991). Body fat distribution in the Finnish population:
environmental determinants and predictive power for cardiovascular
risk factor levels. J. Epidemiol. Community Health 45, 131-137.
doi: 10.1136/jech.45.2.131

McCormick, M. C. (1985). The contribution of low birth weight to infant mortality
and childhood morbidity. N. Engl. J. Med. 312, 82-90.

McKinnon, C. J., Hatch, E. E., Rothman, K. J., Mikkelsen, E. M., Wesselink, A. K.,
Hahn, K. A, et al. (2016). Body mass index, physical activity and fecundability
in a North American preconception cohort study. Fertil. Steril. 106, 451-459.
doi: 10.1016/j.fertnstert.2016.04.011

Menken, J., and Larsen, U. (1986). “Fertility rates and aging” in Aging,
Reproduction, and the Climacteric, eds L. Mastroianni Jr. and C. A. Paulsen
(Oxford: Springer), 147-166. doi: 10.1007/978-1-4684-5047-7_9

Merklinger-Gruchala, A., Jasienska, G., and Kapiszewska, M. (2015). Short
interpregnancy interval and low birth weight: a role of parity. Am. J. Hum. Biol.
27, 660-666. doi: 10.1002/ajhb.22708

Merklinger-Gruchala, A., Jasienska, G., and Kapiszewska, M. (2017). Parity
conditions the risk for low birth weight after maternal exposure to air
pollution. Biodemography Soc. Biol. 63, 71-86. doi: 10.1080/19485565.2016.12
64872

Mikach, S. M., and Bailey, J. M. (1999). What distinguishes women with
unusually high numbers of sex partners? Evol. Hum. Behav. 20, 141-150.
doi: 10.1016/S1090-5138(98)00045-2

Moller, A. P., and Pomiankowski, A. (1993). Why have birds got multiple
sexual ornaments? Behav. Ecol. Sociobiol. 32, 167-176. doi: 10.1007/BF001
73774

Moran, C., Hernandez, E., Ruiz, J. E., Fonseca, M. E., Bermudez, J. A., and
Zarate, A. (1999). Upper body obesity and hyperinsulinemia are associated with
anovulation. Gynecol. Obstet. Invest. 47, 1-5. doi: 10.1159/000010052

Mosley, W. H. (1977). “The effects of nutrition on natural fertility,” in Proceedings
of a Seminar on Natural Fertility, eds H. Leridon, J. Menken (Paris: Ordina
Editions), 83-105.

Naeye, R. L. (1983). Maternal age, obstetric complications, and the outcome of
pregnancy. Obstetr. Gynecol. 61, 210-216.

Nenko, I., and Jasienska, G. (2009). Fertility, body size, and shape: an empirical
test of the covert maternal depletion hypothesis. Am. J. Hum. Biol. 21, 520-523.
doi: 10.1002/ajhb.20938

Nettle, D. (2010). Dying young and living fast: variation in life history across
English neighborhoods. Behav. Ecol. 21, 387-395. doi: 10.1093/beheco/arp202

Osteria, T. S. (1982). Maternal nutrition, infant health, and subsequent fertility.
Philipp J. Nutr. 35, 106-111.

Pall, M., Stephens, K, and Azziz, R.
with  polycystic ovary syndrome.
doi: 10.1016/j.fertnstert.2005.11.051

Pasquali, R., Gambineri, A., and Pagotto, U. (2006). Review article: the
impact of obesity on reproduction in women with polycystic ovary
syndrome. Int. J. Obstetr. Gynaecol. 1148-1159. doi: 10.1111/j.1471-0528.2006.
00990.x

(2006). Family size in women
Fertil. ~ Steril. 85, 1837-1839.

Frontiers in Psychology | www.frontiersin.org

June 2019 | Volume 10 | Article 1221


https://doi.org/10.1016/S0015-0282(16)57538-4
https://doi.org/10.1111/j.1467-8624.2010.01476.x
https://doi.org/10.1111/j.1467-9280.2005.01633.x
https://doi.org/10.1098/rstb.1996.0026
https://doi.org/10.1093/oxfordjournals.aje.a114259
https://doi.org/10.1073/pnas.94.4.1282
https://doi.org/10.1098/rspb.2002.2235
https://doi.org/10.1016/j.evolhumbehav.2007.07.005
https://doi.org/10.1002/ajpa.20394
https://doi.org/10.1177/1474704916643459
https://doi.org/10.1177/1474704918803998
https://doi.org/10.1177/1474704918800063
https://doi.org/10.1016/j.yhbeh.2011.09.005
https://doi.org/10.1136/jech.46.3.184
https://doi.org/10.1016/j.evolhumbehav.2013.03.005
https://doi.org/10.1146/annurev.nu.09.070189.002221
https://doi.org/10.1016/0047-2484(74)90179-1
https://doi.org/10.1093/ajcn/55.5.950
https://doi.org/10.1006/jhev.1996.0047
https://doi.org/10.1038/20341
https://doi.org/10.1038/ijo.2009.286
https://doi.org/10.1016/j.evolhumbehav.2005.07.005
https://doi.org/10.1016/S0191-8869(00)00039-8
https://doi.org/10.1136/jech.45.2.131
https://doi.org/10.1016/j.fertnstert.2016.04.011
https://doi.org/10.1007/978-1-4684-5047-7_9
https://doi.org/10.1002/ajhb.22708
https://doi.org/10.1080/19485565.2016.1264872
https://doi.org/10.1016/S1090-5138(98)00045-2
https://doi.org/10.1007/BF00173774
https://doi.org/10.1159/000010052
https://doi.org/10.1002/ajhb.20938
https://doi.org/10.1093/beheco/arp202
https://doi.org/10.1016/j.fertnstert.2005.11.051
https://doi.org/10.1111/j.1471-0528.2006.00990.x
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

Pawlowski, B. (2001). The evolution of gluteal/femoral fat deposits and
balance during pregnancy in bipedal homo. Curr. Anthropol. 42, 572-574.
doi: 10.1086/322548

Pawlowski, B. (2003). Variable preferences for sexual dimorphism in height as a
strategy for increasing the pool of potential partners in humans. Proc. R. Soc. B
270, 709-712. doi: 10.1098/rspb.2002.2294

Pawlowski, B., and Dunbar, R. I. (2001). “Human mate choice strategies,” in
Economics Nature. Social Dilemmas, Mate Choice and Biological Markets, eds
R. Noe, J. van Hoof, and P. Hammerstein (Cambridge: Cambridge University
Press), 187-202.

Pawlowski, B., and Dunbar, R. I. M. (2005). Waist-to-hip ratio versus body
mass index as predictors of fitness in women. Hum. Nat. 16, 164-177.
doi: 10.1007/s12110-005-1002-7

Pawlowski, B., and Grabarczyk, M. (2003). Center of body mass and the evolution
of female body shape. Am. J. Hum. Biol. 15, 144-150. doi: 10.1002/ajhb.10136

Pazhoohi, F., and Liddle, J. R. (2012). Identifying feminine and masculine
ranges for waist-to-hip ratio. J. Soc. Evol. Cult. Psychol. 6, 227-232.
doi: 10.1037/h0099212

Purifoy, F. E., and Koopmans, L. H. (1979). Androstenedione, testosterone, and
free testosterone concentration in women of various occupations. Soc. Biol.
26, 179-188.

Rebuffé-Scrive, M., Enk, L., Crona, N., Lonnroth, P., Abrahamsson, L., Smith,
U., et al. (1985). Fat cell metabolism in different regions in women. Effect
of menstrual cycle, pregnancy, and lactation. J. Clin. Invest. 75, 1973-1976.
doi: 10.1172/JCI111914

Rice, W. R., and Chippindale, A. K. (2001). Intersexual ontogenetic conflict. J. Evol.
Biol. 14, 685-693. doi: 10.1046/j.1420-9101.2001.00319.x

Rickenlund, A., Carlstrém, K., Ekblom, B., Brismar, T. B., von Schoultz,
B., and Hirschberg, A. L. (2003). Hyperandrogenicity is an alternative
mechanism underlying oligomenorrhea or amenorrhea in female athletes
and may improve physical performance. Fertil. Steril. 79, 947-955.
doi: 10.1016/s0015-0282(02)04850-1

Rimm, A. A., Hartz, A. J., and Fischer, M. E. (1988). A weight shape index for
assessing risk of disease in 44,820 women. J. Clin. Epidemiol. 41, 459-465.
doi: 10.1016/0895-4356(88)90047-9

Rodrigues, D., Lopes, D., and Pereira, M. (2017). Sociosexuality, commitment,
sexual infidelity, and perceptions of infidelity: data from the second love web
site. J. Sex Res. 54, 241-253. doi: 10.1080/00224499.2016.1145182

Rodrigues, M. L. C. F., and Costa, T. H. M. D. (2001). Association of the maternal
experience and changes in adiposity measured by BMI, waist:hip ratio and
percentage body fat in urban Brazilian women. Br. J. Nutr. 85, 107-114.
doi: 10.1079/BJN2000233

Rosenberg, K., and Trevathan, W. (1995). Bipedalism and human birth: the
obstetrical dilemma revisited. Evol. Anthropol. Issues News Rev. 4, 161-168.
doi: 10.1002/evan.1360040506

Rowe, C. (1999). Receiver psychology and the evolution of multicomponent
signals. Anim. Behav. 58, 921-931. doi: 10.1006/anbe.1999.1242

Ruff, C. (2017). Mechanical constraints on the hominin pelvis and the “obstetrical
dilemma.” Anat. Record 300, 946-955. doi: 10.1002/ar.23539

Salem, W., Adler, A, Lee, C, and Smith, G. (2012). Maternal waist to hip
ratio is a risk factor for macrosomia. Int. J. Obstetr. Gynaecol. 119, 291-297.
doi: 10.1111/j.1471-0528.2011.03167.x

Santoro, N., Torrens, J., Crawford, S., Allsworth, J. E., Finkelstein, J. S., Gold, E. B.,
et al. (2005). Correlates of circulating androgens in mid-life women: the study
of women’s health across the nation. J. Clin. Endocrinol. Metab. 90, 4836-4845.
doi: 10.1210/j¢c.2004-2063

Saunders, D. R., Williamson, D. K., and Troje, N. F. (2010). Gaze patterns during
perception of direction and gender from biological motion. J. Vis. 10, 9-9.
doi: 10.1167/10.11.9

Schipper, B. C. (2014). Sex hormones and competitive bidding. Management Sci.
61, 249-266. doi: 10.1287/mnsc.2014.1959

Schousboe, K., Visscher, P., Erbas, B., Kyvik, K. O., Hopper, J., Henriksen, J. E.,
etal. (2004). Twin study of genetic and environmental influences on adult body
size, shape, and composition. Int. J. Obes. 28, 39-48. doi: 10.1038/sj.ij0.0802524

Schiitzwohl, A. (2006). Judging female figures: a new methodological approach to
male attractiveness judgments of female waist-to-hip ratio. Biol. Psychol. 71,
223-229. doi: 10.1016/j.biopsycho.2005.04.005

Seal, D. W., and Agostinelli, G. (1994). Individual differences associated with high-
risk sexual behaviour: implications for intervention programmes. AIDS Care 6,
393-397. doi: 10.1080/09540129408258653

Seal, D. W., Agostinelli, G., and Hannett, C. A. (1994). Extradyadic romantic
involvement: moderating effects of sociosexuality and gender. Sex Roles 31,
1-22. doi: 10.1007/BF01560274

Sear, R, Mace, R, and McGregor, 1. A. (2000). Maternal grandmothers
improve nutritional status and survival of children in rural Gambia.
Proc. R. Soc. Lond. Ser. B Biol. Sci. 267, 1641-1647. doi: 10.1098/
rspb.2000.1190

Seidell, J., Baanders-van, E. H., and Ouwehand, 1. (1990). Fat distribution in
relation to age, degree of obesity, smoking habits, parity and estrogen use:
a cross-sectional study in 11,825 Dutch women participating in the DOM-
project. Int. ]. Obes. 14, 753-761.

Simpson, J. A. and Gangestad, S. W. (1991). Individual-differences in
sociosexuality - evidence for convergent and discriminant validity. J. Pers. Soc.
Psychol. 60, 870-883.

Singh, D. (1993a). Adaptive significance of female physical attractiveness—role of
waist-to-hip ratio. J. Pers. Soc. Psychol. 65, 293-307.

Singh, D. (1993b). Body shape and women’s attractiveness - The critical role of
waist-to-hip ratio. Hum. Nat. Interdiscip. Biosoc. Perspect. 4, 297-321.

Singh, D. (1994). Is thin really beautiful and good - Relationship between waist-to-
hip ratio (WHR) and female attractiveness. Pers. Individ. Differ. 16, 123-132.

Singh, D. (1995). Female health, attractiveness, and desirability for relationships:
role of breast asymmetry and waist-to-hip ratio. Ethol. Sociobiol. 16, 465-481.

Singh, D., and Luis, S. (1995). Ethnic and gender consensus for the effect of waist-
to-hip ratio on judgment of women’s attractiveness. Hum. Nat. Interdiscip.
Biosoc. Perspect. 6, 51-65.

Singh, D., and Randall, P. K. (2007). Beauty is in the eye of the plastic surgeon:
waist-hip ratio (WHR) and women’s attractiveness. Pers. Individ. Differ. 43,
329-340. doi: 10.1016/j.paid.2006.12.003

Singh, D., and Young, R. K. (1995). Body weight, waist-to-hip ratio, breasts,
and hips: role in judgments of female attractiveness and desirability for
relationships. Ethol. Sociobiol. 16, 483-507.

Singh, D., and Zambarano, R. J. (1997). Offspring sex ratio in women with android
body fat distribution. Hum. Biol. 69, 545-556.

Smith, D. E., Lewis, C. E., Caveny, J. L., Perkins, L. L, Burke, G.
L, and Bild, D. E. (1994). Longitudinal changes in adiposity
associated with pregnancy: the CARDIA study. JAMA 271, 1747-1751.
doi: 10.1001/jama.1994.03510460039030

Sorokowski, P., Koscinski, K., Sorokowska, A., and Huanca, T. (2014). Preference
for women’s body mass and waist-to-hip ratio in tsimane'men of the
bolivian amazon: biological and cultural determinants. PLoS ONE 9:e105468.
doi: 10.1371/journal.pone.0105468

Stalberg, K., Bodestedt, A., Lyrenas, S., and Axelsson, O. (2006). A narrow pelvic
outlet increases the risk for emergency cesarean section. Acta Obstetr. Gynecol.
Scand. 85, 821-824. doi: 10.1080/00016340600593521

Streeter, S. A., and McBurney, D. H. (2003). Waist-hip ratio and attractiveness -
New evidence and a critique of “a critical test.” Evol. Hum. Behav. 24, 83-98.
doi: 10.1016/s1090-5138(02)00121-6

Sugiyama, L. S. (2004). Is beauty in the context-sensitive adaptations of the
beholder? Shiwiar use of waist-to-hip ratio in assessments of female mate value.
Evol. Hum. Behav. 25, 51-62. doi: 10.1016/s1090-5138(03)00083-7

Sugiyama, L. S. (2005). “Physical attractiveness: an adaptationist perspective,” in
The Handbook of Evolutionary Psychology, ed D. M. Buss (Hoboken, NJ: John
Wiley & Sons, Inc.), 292-343.

Swami, V., Antonakopoulos, N., Tovée, M. J., and Furnham, A. (2006a). A critical
test of the waist-to-hip ratio hypothesis of women’s physical attractiveness in
Britain and Greece. Sex Roles 54, 201-211. doi: 10.1007/s11199-006-9338-3

Swami, V., Caprario, C., Tovee, M. J., and Furnham, A. (2006b). Female physical
attractiveness in Britain and Japan: a cross-cultural study. Eur. . Personal. 20,
69-81. doi: 10.1002/per.568

Swami, V., Jones, J., Einon, D., and Furnham, A. (2009). Men’s preferences for
women’s profile waist-to-hip ratio, breast size, and ethnic group in Britain and
South Africa. Br. J. Psychol. 100, 313-325. doi: 10.1348/000712608x329525

Symons, D. (1981). The Evolution of Human Sexuality. Oxford; New York, NY:
Oxford University Press.

Frontiers in Psychology | www.frontiersin.org

19

June 2019 | Volume 10 | Article 1221


https://doi.org/10.1086/322548
https://doi.org/10.1098/rspb.2002.2294
https://doi.org/10.1007/s12110-005-1002-7
https://doi.org/10.1002/ajhb.10136
https://doi.org/10.1037/h0099212
https://doi.org/10.1172/JCI111914
https://doi.org/10.1046/j.1420-9101.2001.00319.x
https://doi.org/10.1016/s0015-0282(02)04850-1
https://doi.org/10.1016/0895-4356(88)90047-9
https://doi.org/10.1080/00224499.2016.1145182
https://doi.org/10.1079/BJN2000233
https://doi.org/10.1002/evan.1360040506
https://doi.org/10.1006/anbe.1999.1242
https://doi.org/10.1002/ar.23539
https://doi.org/10.1111/j.1471-0528.2011.03167.x
https://doi.org/10.1210/jc.2004-2063
https://doi.org/10.1167/10.11.9
https://doi.org/10.1287/mnsc.2014.1959
https://doi.org/10.1038/sj.ijo.0802524
https://doi.org/10.1016/j.biopsycho.2005.04.005
https://doi.org/10.1080/09540129408258653
https://doi.org/10.1007/BF01560274
https://doi.org/10.1098/rspb.2000.1190
https://doi.org/10.1016/j.paid.2006.12.003
https://doi.org/10.1001/jama.1994.03510460039030
https://doi.org/10.1371/journal.pone.0105468
https://doi.org/10.1080/00016340600593521
https://doi.org/10.1016/s1090-5138(02)00121-6
https://doi.org/10.1016/s1090-5138(03)00083-7
https://doi.org/10.1007/s11199-006-9338-3
https://doi.org/10.1002/per.568
https://doi.org/10.1348/000712608x329525
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Bovet

Evolutionary Theories and WHR

Taebi, M., Sadat, Z., Saberi, F., and Kalahroudi, M. A. (2015). Early pregnancy
waist-to-hip ratio and risk of preeclampsia: a prospective cohort study.
Hypertens. Res. 38, 80-83. doi: 10.1038/hr.2014.133

Tassinary, L. G., and Hansen, K. A. (1998). A critical test of the waist-to-hip-ratio
hypothesis of female physical attractiveness. Psychol. Sci. 9, 150-155.

Tchernof, A., and Poehlman, E. T. (1998). Effects of the menopause transition
on body fatness and body fat distribution. Obes. Res. 6, 246-254.
doi: 10.1002/j.1550-8528.1998.tb00344.x

Tonkelaar, I. D., Seidell, J. C., Van, P. N., Baanders-van, E. H., Jacobus, J. H., and
Bruning, P. F. (1989). Factors influencing waist/hip ratio in randomly selected
pre- and post-menopausal women in the dom-project (preliminary results). Int.
J. Obes. 13, 817-824.

Tovée, M. J., Brown, J. E., and Jacobs, D. (2001). Maternal waist-to-hip
ratio does not predict child gender. Proc. R. Soc. B 268, 1007-1010.
doi: 10.1098/rspb.2001.1618

Tovée, M. J., Furnham, A, and Swami, V. (2007). “Healthy body equals
beautiful body? Changing perceptions of health and attractiveness with shifting
socioeconomic status,” in The Body Beautiful, eds V. Swami and A. Furnham
(Oxford: Palgrave Macmillan), 108-128. doi: 10.1057/9780230596887_7

Tovée, M. J., Hancock, P. J. B., Mahmoodi, S., Singleton, B. R. R, and Cornelissen,
P. L. (2002). Human female attractiveness: waveform analysis of body shape.
Proc. R. Soc. B 269, 2205-2213. doi: 10.1098/rspb.2002.2133

Tovée, M. ]., Maisey, D. S., Emery, J. L., and Cornelissen, P. L. (1999). Visual cues
to female physical attractiveness. Proc. R. Soc. B 266, 211-218.

Troisi, R. J., Wolf, A. M., Manson, J. A. E,, Klingler, K. M., and Colditz,
G. A. (1995). Relation of body fat distribution to reproductive
factors in pre- and postmenopausal women. Obes. Res. 3, 443-451.
doi: 10.1002/j.1550-8528.1995.tb00139.x

Udry, J. R, Morris, N. M., and Kovenock, J. (1995). Androgen
effects on women’s gendered behaviour. J. Biosoc. Sci. 27, 359-368.
doi: 10.1017/50021932000022884

van Anders, S. M., and Hampson, E. (2005). Waist-to-hip ratio is positively
associated with bioavailable testosterone but negatively associated with
sexual desire in healthy premenopausal women. Psychosomat. Med. 67:246.
doi: 10.1097/01.psy.0000151747.22904.d7

von der Pahlen, B., Lindman, R., Sarkola, T., Mikisalo, H., and Eriksson, C. J. P.
(2002). An exploratory study on self-evaluated aggression and androgens in
women. Aggressive Behav. 28, 273-280. doi: 10.1002/ab.80005

Wallace, W. H. B, and Kelsey, T. W. (2010). Human ovarian
reserve from conception to the menopause. PLoS ONE 5:e8772.
doi: 10.1371/journal.pone.0008772

Wang, G., Djafarian, K., Egedigwe, C. A., El Hamdouchi, A., Ojiambo, R., Ramuth,
H., et al. (2015). The relationship of female physical attractiveness to body
fatness. Peer] 3:e1155. doi: 10.7717/peerj.1155

Warrener, A. G., Lewton, K. L., Pontzer, H., and Lieberman, D. E. (2015).
A wider pelvis does not increase locomotor cost in humans, with
implications for the evolution of childbirth. PLoS ONE 10:e0118903.
doi: 10.1371/journal.pone.0118903

Wass, P., Waldenstrom, U., Rossner, S., and Hellberg, D. (1997). An android body
fat distribution in females impairs the pregnancy rate of in-vitro fertilization-
embryo transfer. Hum. Reprod. 12, 2057-2060.

Waterlow, J. C. (1984). Kwashiorkor revisited: the pathogenesis of oedema in
kwashiorkor and its significance. Trans. R. Soc. Trop. Med. Hyg. 78, 436-441.
doi: 10.1016/0035-9203(84)90053-1

Weinstein, M., Wood, J. W., Stoto, M. A., and Greenfield, D. D. (1990).
Components of age-specific fecundability. Populat. Stud. 44, 447-467.
doi: 10.1080/0032472031000144846

Weiser, D. A., Niehuis, S., Flora, J., Punyanunt-Carter, N. M., Arias,
V. S, and Hannah Baird, R. (2018). Swiping right: sociosexuality,
intentions to engage in infidelity, and infidelity experiences on
Tinder. Pers. Individ. Differ. 133, 29-33. doi: 10.1016/j.paid.2017.
10.025

Wells, J. C. K., Charoensiriwath, S., and Treleaven, P. (2011). Reproduction,
aging, and body shape by three-dimensional photonic scanning in Thai
men and women. Am. J. Hum. Biol. 23, 291-298. doi: 10.1002/ajhb.
21151

Wells, J. C. K., Griffin, L., and Treleaven, P. (2010). Independent changes
in female body shape with parity and age: a life-history approach
to female adiposity. Am. J. Hum. Biol. 22, 456-462. doi: 10.1002/

ajhb.21017

Wenzlaff, F., Briken, P., and Dekker, A. (2018). If there’s a penis,
its most likely a man: investigating the social construction of
gender using eye tracking. PLoS ONE 13:20193616. doi: 10.1371/
journal.pone.0193616

Wetsman, A., and Marlowe, F. W. (1999). How universal are preferences for female
waist-to-hip ratios? Evidence from the Hadza of Tanzania. Evol. Hum. Behav.
20, 219-228.

Whitehouse, A. J. O., Gilani, S. Z., Shafait, F., Mian, A., Tan, D. W., Maybery,
M. T, et al. (2015). Prenatal testosterone exposure is related to sexually
dimorphic facial morphology in adulthood. Proc. R. Soc. B 282:20151351.
doi: 10.1098/rspb.2015.1351

Wise, L. A., Palmer, J. R, and Rosenberg, L. (2013). Body size and
time-to-pregnancy in black women. Hum. Reprod. 28, 2856-2864.
doi: 10.1093/humrep/det333

Wise, L. A., Rothman, K. J., Mikkelsen, E. M., Serensen, H. T., Riis, A.,
and Hatch, E. E. (2010). An internet-based prospective study of body
size and time-to-pregnancy. Hum. Reprod. 25, 253-264. doi: 10.1093/
humrep/dep360

Worthman, C. M., and Kuzara, J. (2005). Life history and the early origins
of health differentials. Am. J. Hum. Biol. 17, 95-112. doi: 10.1002/ajhb.
20096

Yamamoto, S., Douchi, T., Yoshimitsu, N., Nakae, M., and Nagata, Y. (2001).
Waist to hip circumference ratio as a significant predictor of preeclampsia,
irrespective of overall adiposity. J. Obstetr. Gynaecol. Res. 27, 27-31.
doi: 10.1111/j.1447-0756.2001.tb01211.x

Yu, D. W., and Shepard, G. HJr. (1998). Is beauty in the eye of the beholder? Nature
396, 321-322.

Zaadstra, B. M., Seidell, J. C., Van Noord, P. A,, te Velde, E. R., Habbema, J. D.,
Vrieswijk, B., et al. (1993). Fat and female fecundity: prospective study of effect
of body fat distribution on conception rates. BMJ 306, 484-487.

Zavos, P. M., and Cohen, M. R. (1980). The pH of cervical mucus and
the postcoital test. Fertil. Steril. 34, 234-238. doi: 10.1016/S0015-0282(16)
44953-8

Conflict of Interest Statement: The author declares that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Bovet. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

June 2019 | Volume 10 | Article 1221


https://doi.org/10.1038/hr.2014.133
https://doi.org/10.1002/j.1550-8528.1998.tb00344.x
https://doi.org/10.1098/rspb.2001.1618
https://doi.org/10.1057/9780230596887_7
https://doi.org/10.1098/rspb.2002.2133
https://doi.org/10.1002/j.1550-8528.1995.tb00139.x
https://doi.org/10.1017/S0021932000022884
https://doi.org/10.1097/01.psy.0000151747.22904.d7
https://doi.org/10.1002/ab.80005
https://doi.org/10.1371/journal.pone.0008772
https://doi.org/10.7717/peerj.1155
https://doi.org/10.1371/journal.pone.0118903
https://doi.org/10.1016/0035-9203(84)90053-1
https://doi.org/10.1080/0032472031000144846
https://doi.org/10.1016/j.paid.2017.10.025
https://doi.org/10.1002/ajhb.21151
https://doi.org/10.1002/ajhb.21017
https://doi.org/10.1371/journal.pone.0193616
https://doi.org/10.1098/rspb.2015.1351
https://doi.org/10.1093/humrep/det333
https://doi.org/10.1093/humrep/dep360
https://doi.org/10.1002/ajhb.20096
https://doi.org/10.1111/j.1447-0756.2001.tb01211.x
https://doi.org/10.1016/S0015-0282(16)44953-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Evolutionary Theories and Men's Preferences for Women's Waist-to-Hip Ratio: Which Hypotheses Remain? A Systematic Review
	Introduction
	Materials and Methods
	Results
	Cue of Biological Sex
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of (Reproductive) Age
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Current Pregnancy
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Parity (Number of Previous Pregnancies)
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Fecundity
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Quantity and Availability of ``Reproductive Fat''
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Health
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Parasite Load
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Diet or Malnutrition
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Fetal Conditions
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Pelvis Size
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Center of Body Mass
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Ability to Cope With Stress
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Ability to Acquire Resources
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Sex Ratio and Level of Testosterone in Descendants
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Sexual or Maternal Behavior
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Cue of Sexy Daughters (Fisherian Runaway Model)
	Correlation With WHR
	Effect on the Man's Reproductive Success
	Perception of the Characteristic Using WHR

	Summary of Hypotheses Plausibility

	Discussion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


