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Abstract

Attractiveness conveys reliable information about a woman’s age, health, and fertility. Body fat distri-
bution, as measured by waist-to-hip ratio (WHR), is a reliable cue to a woman’s age, health, and fertility,
and affects judgment of women’s attractiveness. WHR is positively correlated with overall body weight or
body mass index (BMI). Some researchers have argued that BMI, rather than WHR, affects judgments of
female attractiveness. To evaluate the role of WHR, independent of BMI, we secured photographs of pre-
and post-operative women who have undergone micro-fat grafting surgery. In this surgery, surgeons har-
vest fat tissue from the waist region and implant it on the buttocks. Post-operatively, all women have a
lower WHR but some gain weight whereas others lose body weight. Results indicate that participants judge
post-operative photographs as more attractive than pre-operative photographs, independent of post-oper-
ative changes in body weight or BMI. These results indicate that WHR is a key feature of women’s
attractiveness.
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1. Introduction

A large body of evidence indicates that physical attractiveness is consensual (people agree about
who is and is not attractive both within and across cultures) and is an important determinant of inter-
personal and romantic relationships (Langlois et al., 2000; Sugiyama, 2005). Evolutionary psychol-
ogists offer a clear and testable explanation for the functional significance of attractiveness: physical
attractiveness provides reliable cues to a person’s health and reproductive potential (Grammer, Fink,
Moller, & Thornhill, 2003; Symons, 1979). It is argued that a recurrent adaptive problem ancestral
people faced was to assess prospective mates according to ‘‘mate value’’ (attractiveness as a mate rel-
ative to available others in local mating market: Buss, 2003). The variables that determine mate va-
lue, such as genetic quality, health, and fertility, cannot be directly observed but there are specific
observable characteristics of the body that reliably convey this information. Sexual selection thus
produces mechanisms of mate selection that extract and process information based on specific obser-
vable characteristics of the body, linked to good health and reproductive ability (Symons, 1979).

A straightforward test of this evolutionary explanation would be to identify a feature of the
body known to be linked with health and reproductive capability and to demonstrate that the sys-
tematic variation in that feature produces systematic changes in judgments of attractiveness. Body
fat distribution, as measured by waist-to-hip ratio (WHR), may be an ideal feature. First, WHR,
unlike overall body weight, is an unambiguous indicator of age in men and women (Rebuffe-
Scrive, 1988). Prior to puberty, the sexes have similar WHR because body fat distribution is essen-
tially similar. However, during puberty, increases in sex hormones induce an increase in pelvic
width and regulate the anatomical location of body fat deposits. Estrogen selectively inhibits
fat deposition in abdominal and waist regions and facilitates fat deposition in the gluteofemoral
(buttocks and thighs) region in the females, whereas testosterone inhibits fat depositions in the
gluteofemoral region and facilitates fat deposition on the waist and upper body in the males
(Björntorp, 1987). After puberty, healthy women have a WHR between 0.67 and 0.79, whereas
healthy men have a WHR between 0.8 and 0.95 (National Academy of Sciences, 1991). As women
age and their production of estrogen decreases, their WHR moves into the male range (Kirschner
& Samojlik, 1991). WHR, thus, reliably signals a woman’s reproductive (pre-, post-pubertal, pre-,
post-menopausal) status unlike any other observable body feature. Second, WHR after puberty
provides a powerful cue to biological sex, and selecting the correct sex for mating is an adaptive
problem that must be solved by every sexually reproducing species (Trivers, 1972).

Third, WHR is a reliable indicator of reproductive capability of pre-menopausal women. Com-
pared to women with high WHR, women with a low WHR have fewer irregular menstrual cycles
(Van Hooff et al., 2000), optimal sex hormone profiles (Jasienska, Ziomkiewicz, Ellison, Lipson,
& Thune, 2004), ovulate more frequently (Moran et al., 1999), and have lower endocervical pH,
which favors sperm penetration (Jenkins, Brook, Sargeant, & Cooke, 1995). Low WHR is also an
independent predictor of pregnancy in women attending an artificial insemination clinic (Zaadstra
et al., 1993) and in women attempting in vitro embryo fertilization transfer (Waas, Waldenstrom,
Rossner, & Hellberg, 1997).

Fourth, women with low WHR have lower risk of heart diseases, stroke, type II diabetes, gall-
bladder disease, kidney diseases, various cancers (breast, endometrial, ovarian), and premature
death. (For a review see Singh, 1993a, 2006.) Women with low WHR also cope with stress (as
measured by cortisol release) more efficiently (Epel et al., 2000) and report fewer episodes of
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depression than women with higher WHR (Nelson, Palmer, Pedersen, & Miles, 1999). Women
less susceptible to health problems would likely have more energy to attend to their family and
children, and because many health problems are heritable, their offspring would receive the genet-
ic gift of good health.

Fifth, WHR is a powerful cue to pregnancy status, particularly as pregnancy progresses
(Rebuffe-Scrive, 1987). Selection should create a preference in men to mate with fecund, and hence
non-pregnant women.

Given that WHR is a signal of youth, health, biological sex, non-pregnancy status, and repro-
ductive capability, do changes in the size of WHR cause changes in judgment of female attractive-
ness? To investigate this issue, Singh (1993a, 1993b) developed 12 line drawings of female figures
representing three body weight categories (underweight, normal, overweight) and two levels of
feminine (0.7,0.8), and two levels of masculine (0.9 and 1.0) WHR within each body weight cat-
egory. The findings indicate that variations in WHR, in female figures, produce systematic
changes in the judgments of attractiveness. Participants rated figures with a lower WHR as more
attractive than figures with a higher, more masculine, WHR in each of the weight categories.
These findings, using line drawings developed by Singh (1993a), now have been replicated (for
exception see Yu & Shepard, 1998; Marlow & Wetsman, 2001) with African–Americans (Markey,
Tinsley, Ericksen, Ozer, & Markey, 2002), in Great Britain (Furnham, Tan, & McManus, 1997),
Germany (Henss, 1995), Australia (Connolly, Slaughter, & Mealey, 2004), Indonesia (Singh &
Luis, 1995), the Azore Island, the African country of Guinea Bissau (Singh, 2004), and in the
Shiwiar Tribes of East Ecuador (Sugiyama, 2004).

In the original studies, the relationship between attractiveness and WHR depended on body
weight category; the normal weight figure with 0.7 WHR was judged most attractive, followed
by the underweight figure, whereas the overweight figure was judged not to be attractive (Singh,
1993a, 1993b). Singh (1993b) concluded that, ‘‘. . . neither body weight, nor WHR alone can ex-
plain attractiveness. To be attractive, women must have a low WHR and deviate little from nor-
mal weight’’ (pp. 310–311).

In spite of this reported intricate relationship between WHR and body weight, some researchers
have opted to treat body weight or degree of obesity (body mass index – BMI) and WHR as inde-
pendent variables and have reported that body weight accounts for more variance than WHR in
female attractiveness judgments (Tassinary & Hansen, 1998; Tovee, Reinhardt, Emery, & Corne-
lissen, 1998). Tovee and Cornelissen (1999) have even suggested that an attractiveness judgment
based on WHR is an artifact of BMI. They argue that reduction of the size of WHR, for example,
from 0.8 to 0.7, reduces BMI regardless of body weight category and that this reduction in BMI is
responsible for attractiveness ratings for figures with low WHR.

These arguments are, however, based on misunderstandings about the nature of WHR. WHR
describes the nature of body fat distribution, and therefore bodyweight is critical in evaluating
the effect of WHR on attractiveness judgments. It is also important to take into account total body
fat, or BMI, a feature that people in ancestral environments would have encountered when exam-
ining the effects of WHR (the nature of body fat distribution) on attractiveness. Given the cycles of
famine, feast, and workload, obesity would have been rare. There would have been some emaciated
people suffering from disease or malnutrition and they would not likely have been desirable mates.
The selection process would have stabilized the preference for population-typical average body
weight.
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Additionally, due to seasonally availability of food supply, body weight would have frequently
fluctuated in ancestral environments. WHR, unlike total body weight, does not significantly
change if weight loss or gain is not greater than 8 kg (Kissebah, Evans, Peiris, & Wilson,
1985). WHR is, therefore, a reliable signal of women’s health and fertility, in spite of short-term
body weight fluctuation.

Nevertheless, because WHR and BMI are correlated, it can be difficult to conclude that changes
in attractiveness judgments are due to WHR alone. One needs to assess the relative contribution
of WHR and BMI to attractiveness ratings. Some researchers have used post-hoc ‘‘variance ac-
counted’’ for methods to assess the relative contribution of WHR and BMI (Tovee et al.,
1998). However, these methods are overly sensitive to the range of the independent variable in
the stimulus set. The optimal solution is to use stimulus for which BMI and WHR are indepen-
dent. A recent surgical technique provides a means to examine the role of different sizes of WHR
on attractiveness, independent of BMI. The surgical procedure includes liposuction of the circum-
ference of the waist and then using purified fat cells to graft to the buttocks (Roberts, III, Wein-
feld, & Nguyen, 2005). This procedure both narrows the waist and enhances the buttocks (without
affecting pelvic morphology), having a synergetic effect on WHR without altering BMI. In his
practice, aesthetic plastic surgeon Roberts measures pre- and post-operative waist and buttocks
circumferences and records pre- and post-operative BMI. Post-operative measurements and pho-
tographs are taken about two to three months after surgery to allow for healing and scar disap-
pearance. Although all patients have a lower post-operative WHR, some patients gain weight and
other patients lose weight post-operatively. These patients provide a unique opportunity to exam-
ine the independent effects of WHR and body weight, or BMI on attractiveness. Furthermore,
because pre- and post-operative photographs of the same woman are evaluated, the contributions
of other factors (e.g., skin complexion, dimples, and moles) are controlled. The current research
tests the hypothesis that if WHR, more than BMI, affects attractiveness, participants will judge
post-operative photographs as more attractive regardless of any change in BMI.
2. Method

2.1. Participants

A total of 66 Caucasian males (mean age = 30.7 years; range = 20–68 years) and 47 females
(mean age = 28.2 years; range = 18–53 years) were tested. A packet containing photographs
and an attractiveness rating scale was given to various professional and semi-skilled workers (law-
yers, doctors, accountants, computer data processors). Each participant individually rated the
photographic material and placed the rating scale in an envelope that was collected by the
researchers.

2.2. Photographic material

Pre- and post-operative photographs of the plastic surgery patients were used. This surgical
procedure does not reduce the body weight or BMI but redistributes the body fat. Plastic surgeons
photographed the patient and obtained information about height, body weight, age, and
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measured the patients’ hip and waist circumferences prior to surgery and after surgery. We
obtained 15 pre- and post-operative photographs (9 Caucasian, 4 Asian–American, and 2
African–American) showing a back or oblique view of their lower torso, including upper thighs.
Post-operative photographs were taken two to three months after surgery. Ten patients had a
higher BMI and five patients had a lower BMI after surgery. Permission to use these photographs
for research was obtained from the patients.

2.3. Procedure

Participants rated the attractiveness of the pre- and post-operative photographs (reproduced on
800 · 1100 white sheets of paper) either individually (single presentation) or a paired and presented
together (pair presentation). In the single presentation condition (36 males and 21 females), the
packet contained randomly arranged pre- and post-operative photographs of 15 patients. Partic-
ipants were asked to assign attractiveness ratings to each person on a scale of 0–9 (0 = not attrac-
tive at all; 9 = very attractive). The participants were asked to complete their rating of each
photograph before looking at the next photograph and not to change the attractiveness ratings
once assigned. In the pair presentation condition (30 males and 26 females), each participant
viewed the pair of pre- and post-operative photographs of the patient presented together and
rated each photograph for attractiveness using the same 0–9 scale. Participants were not told that
both photos in the pair were of the same woman.
3. Results

Table 1 shows pre-operative BMI and WHR, pre- to post-operative changes in BMI and WHR
and differences in pre- to post-operative attractiveness ratings for paired and single presentation
for all surgical patients. As expected, there was a dramatic pre- versus post-operative difference in
WHR (F(1,14) = 65.73, p < 0.0001). BMI remained unchanged (F(1,14) = p > 0.12, p = 0.73).
Patients were as likely to gain slightly in BMI as they were to lose. As evident from Table 1,
post-operative photographs of all patients, regardless of whether post-operative BMI was higher
or lower, were judged to be more attractive than their pre-operative photographs (p < 0.001, Wil-
coxon signed rank test).

The two presentation methods produced similar results with correlations between the pre- and
post-operative ratings and difference scores being 0.96, 0.97 and 0.92, respectively. All further re-
sults are based on the single presentation, although all conclusions are the same with pair presen-
tation. The average intraclass correlation (random stimuli and random raters) was high, 0.95,
suggesting high rater reliability. A multilevel model did not generate evidence (p > 0.5) of individ-
ual differences in level 1 regression coefficients (linear for BMI and quadratic for WHR) suggest-
ing that all raters used similar judgments ‘‘styles’’.

An ANOVA revealed that mean attractiveness ratings were strongly affected by surgery
(F(1,14) = 148.7, p < 0.001, d(relative to the pre-operative standard deviation) = 1.76). The slope
of the line, relating pre-operative to post-operative ratings, was close to 1.0 (b = 0.92, not statis-
tically different from 1.0). It is as if the surgery increased everyone’s attractiveness rating by a con-
stant amount around the intercept value of 2.6 (t(14) = 4.55, p = 0.001, versus 0). BMI in this



Table 1
Pre-operative BMI and WHR, pre-to-post operative changes in BMI and WHR and differences in pre-to-post-operative
attractiveness ratings for paired and single presentation for all surgical patients

Pair # Pre-operative Pre–post-operative change

DAttractiveness rating

BMI WHR DBMI DWHR Pair presentation Single presentation

1 21.13 0.84 0.33 �0.09 3.10 3.05
2 22.84 0.93 1.08 �0.15 1.21 1.79
3 22.53 0.76 �2.54 �0.08 1.72 1.16
4 23.71 0.78 �2.27 �0.04 4.09 3.70
5 26.36 0.80 0.30 �0.11 2.79 2.72
6 25.18 0.74 �1.13 �0.04 3.03 2.58
7 25.06 0.84 0.26 �0.09 2.31 2.33
8 26.31 0.78 0.16 �0.10 1.47 1.65
9 21.71 0.79 2.65 �0.18 0.53 0.98

10 21.28 0.91 0.09 �0.14 2.10 2.51
11 25.39 0.90 0.76 �0.12 2.10 1.82
12 25.37 0.83 0.94 �0.20 3.21 2.82
13 25.39 0.90 0.76 �0.20 2.64 2.86
14 25.74 0.77 �2.23 �0.06 2.07 2.47
15 21.95 0.80 �1.13 �0.05 3.36 3.07
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sample did not predict attractiveness ratings in any combination (i.e. pre-operative BMI versus
pre-operative ratings, pre-operative BMI versus post-operative BMI, and post-operative BMI ver-
sus post-operative ratings). Thus, alterations of WHR produce substantial changes in attractive-
ness ratings, regardless of whether there was an increase or decrease in post-operative BMI. There
was, however, substantial variance in both pre- and post-operative ratings, but in each case, post-
operative photographs, regardless of whether post-operative BMI was higher or lower, were
judged to be more attractive that pre-operative photographs (see Fig. 1). This is strikingly obvious
when pre- and post-operative photographs of a patient are observed (see Fig. 2). In spite of an
increase in post-operative BMI, the post-operative photograph is judged to be more attractive
than the lower BMI pre-operative photograph.

Clearly, many factors affect the relationship between WHR and attractiveness as evidenced
from differences in post-operative ratings among patients. For example, post-operative, but not
the pre-operative, ratings were a systematic quadratic function of the contemporaneous WHR.
BMI entered alone or together with WHR showed no relationship with either pre- or post-oper-
ative ratings of attractiveness suggesting that pre-operative values of both parameters were out-
side the range in which these relationships can be demonstrated. Pre-operative ratings are
highly predictive of post-operative ratings (r = 0.808, r2 = 0.653, p = 0.0003). Thus, a number
of factors (skin color, texture, etc.) may account for substantial variance in attractiveness rating
(65%), in addition to WHR and BMI. Examination of post-operative attractiveness ratings con-
trolling for pre-operative ratings (i.e. pre-operative ratings entered as the first block and WHR as
the second block), in a non-linear regression or dummy-coded linear regression provides an
uncontaminated assessment of the WHR/attractiveness relationship. This relationship is shown
in Fig. 3. The pre-operative rating was a significant predictor (B = 0.864, WE = 0.147,
t(11) = 5.861, p < 0.001) of post-surgical attractiveness explaining 65% of the post-operative



Fig. 1. Mean pre- and post-operative ratings for 15 patients using single and paired presentation of photographs.
Asterisks (*) under the pair represent photographs of women who gained BMI post-operatively.
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ratings. Additionally, WHR (centered quadratic) to the model explains an additional 17.9% (or)
about half of the remaining variance, (t(11) = 3.5, p = 0.005). Maximum attractiveness occurs at a
WHR of 0.732.
4. Discussion

Post-operative attractiveness ratings, corrected for the pre-operative ratings, are highly pre-
dicted by WHR. BMI, in the range investigated in this study, does not significantly predict attrac-
tiveness. Thus, the argument that previously reported affects of WHR on attractiveness are due to
minor changes in BMI, is not supported. Furthermore, maximum attractiveness was found to be
close to 0.7 (0.73), similar to findings of previous reports using line drawings (Singh, 1993a,
1993b). Similar effects of WHR on attractiveness has been reported by Roberts in more than
200 patients. ‘‘It has been my experience . . . that body weight has a negligible effect on how attrac-
tive the body looks post-surgically or the judgment of attractiveness of their own by the patient.
Rather, the critical variable in attractiveness is the proportionality of the shape and the size of the
waist and buttocks . . . A review of our data shows the best results have a waist-to-hip ratio of
approximately 0.7 (their pre-operative WHR averaged 0.85)’’ (Personal communication, April,
28, 2005).

The summarized research provides additional empirical support for an evolutionary mate selec-
tion theory, according to which attractiveness is an indicator of phenotypical and genotypical



Fig. 2. Sample of a representative pre- and post-photograph. The pre-operative photograph (left) has lower BMI than
post-operative photograph (right) and has a higher BMI and low WHR. Post-operative photograph is rated more
attractive than pre-operative photograph, in spite of higher BMI.
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qualities. First, there is accumulating evidence suggesting that WHR has a large heritable compo-
nent, that cannot be accounted for by parent–child resemblance in total body weight or environ-
mental condition (Donahue, Prineas, Gomez, & Hong, 1990; Nelson et al., 1999). Segregation
analysis has provided evidence for the presence of genes for age and BMI adjusted WHR (Feitosa
et al., 2000). Offspring of women with lower, more feminine, WHR would have inherited good
health and would have been physically attractive to potential mates. Second, WHR is the only
known body feature that tracks, in lock step, sex hormone and thus fertility in women. Women
with low WHR have higher estrogen and progesterone levels during the ovulatory phase of the
menstrual cycle than do body weight matched women with a high WHR (Jasienska et al.,
2004). Kirchengast and Gartner (2002) report that during fertile phases of the menstrual cycle,
there is a reduction in WHR, even in women with a low WHR. Finally, as pointed out before,
WHR is an independent predictor of pregnancy (see Section 1).

If WHR is an important cue for mate choice, then it is important to show that variation in
WHR leads to variation in mating success due to competition among rivals through contest, mate
choice, or any other mechanisms of sexual selection. Women with low WHR flirt more often



Fig. 3. Best-fitting quadratic relationship between post-operative WHR and post-operative attractiveness rating,
controlling for pre-operative attractiveness ratings.
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(Singh, 2004) and have more sex partners (Mikash & Bailey, 1999). Hughes and Gallup (2003)
were the first to demonstrate the effect of WHR on female sexual behavior, independent of
BMI. These investigators found that a woman with lower WHR reported earlier age of first sexual
intercourse, had more sex partners, and engaged more often in sexual intercourse with men in-
volved in other relationships. No such relationship was evident for BMI, except in predicting de-
lay in age of first sexual intercourse. In another study, Hughes, Dispenza, and Gallup (2004)
found that lower WHR was correlated with higher opposite sex rating of voice attractiveness,
but there was no correlation between BMI and the voice attractiveness. Jamaican men with high
genotypical and phenotypical quality (as measured by the degree of bilateral body part symmetry)
prefer women with low WHR as a romantic mate (Jacobson, 2005).

Historical and modern manipulation by women to increase or decrease attractiveness are tes-
taments to the importance of WHR. The popularity of corsets during the Victorian era (despite
internal injuries caused to women) and fashionable clothing that highlights tiny waists and exag-
gerated hips cannot be explained by arguing that women were trying to decrease their body
weight. Clothing and fashion can be made to make a political or personal statement (or may
be designed for comfort), rather than for attracting the mating attention of prospective mates.
When women attempt to convey that they are not sexually available they often deemphasize
the body form (e.g., nun’s habit, business suit, and the chador to hide the female body in Iran
and some Arab countries). When the objective is to make oneself sexually alluring, a persistent
method has been to emphasize the narrow waist, as it is historically evident in early Greek paint-
ings and presently evident in Western female fashion using corsets, bustle, and other devices
(Shorter, 1982). In a recent study, Rozmus-Wrzesinska and Pawlowski (2005) found that female
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attractiveness judgments are influenced more by a change in female waist size, compared with
changes in hip size. Women are aware of and seem to manipulate this evolved preference. For in-
stance, when asked what they do to make themselves attractive to potential mates, young women
most often report ‘‘sucking stomach in’’ as tactic after make-up application (Tooke & Camire,
1991). Taken together, it seems that the current trend of defining and assessing women’s attrac-
tiveness solely according to bodyweight or BMI (e.g., Tovee et al., 1998) provides an incomplete
and perhaps inaccurate picture of female attractiveness.

One limitation of the current study is that attractiveness judgments were made by white Cau-
casian men and women. It could be that, in some ethnic groups, the relative role of BMI and
WHR may be different. The current study has certain methodological strengths. First, unlike most
studies on attractiveness, we used photographs of ethnically diverse groups and used two different
methods (single and paired photographs) to assess attractiveness: none of these variables signifi-
cantly affect the results. Finally, we employed a technique, which allowed us to evaluate the rel-
ative contribution of BMI and WHR to attractiveness. This methodology allowed us to
demonstrate that WHR is a key determinant of female attractiveness, independent of BMI.
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