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Women’s faces and voices may be cues to their reproductive potential. If so, then individual differences in
indices of female fecundity and residual reproductive value, such as hormonal profiles, body composition, and
age, should be associated with women’s facial and vocal attractiveness to men. However, previous research on
these associations is sparse, has rendered mixed results, and is limited to Western samples. The current study
therefore explored relationships between correlates of reproductive capability (testosterone levels, age,
and body mass index [BMI]) and facial and vocal attractiveness in women from industrial and foraging
societies. Women’s facial and vocal attractiveness was associated with each of these indicators in at least
one of the two samples. The patterns of these associations suggest that women’s faces and voices provide
cues to both common and unique components of reproductive potential and help explain the evolution of
men’s mating preferences.
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1. Introduction

Many of the physical characteristics that we find attractive in
others may reflect aspects of underlying mate quality, such as
fecundity (Buss, 1989; Symons, 1979; Thornhill & Grammer, 1999).
There is generally high agreement among men in their ratings of
women’s vocal and facial attractiveness, and women’s facial
attractiveness and vocal attractiveness correlate, suggesting that
these features indicate mate quality (Collins & Missing, 2003;
Feinberg, 2008; Feinberg, DeBruine, Jones, & Perrett, 2008; Hume &
Montgomerie, 2001; Jones, Feinberg, Debruine, Little, & Vukovic,
2008; Little, Jones, & DeBruine, 2011). Moreover, some studies
suggest positive associations of fertility and fecundity with female
attractiveness in both the face (Bobst & Lobmaier, 2012; Grammer,
Fink,Møller, & Thornhill, 2003; Johnston& Franklin, 1993; Law Smith
et al., 2006; Pflüger, Oberzaucher, Katina, Holzleitner, & Grammer,
2012; Puts et al., 2013; Roberts et al., 2004) and voice (Bryant &
Haselton, 2009; Pipitone & Gallup, 2008; Puts et al., 2013). Much of
this evidence concerns within-individual variation in fecundity and
attractiveness. For example, women’s faces and voices are more
attractive during the phase of the menstrual cycle when their
progesterone levels are relatively low, and their voices are more
attractive when estradiol is high relative to their progesterone levels
(Puts et al., 2013). These hormonal states correspond with peak
fecundability (probability of conception) within the ovulatory cycle
(Baird et al., 1999; Landgren, Undén, & Diczfalusy, 1980). If women’s
faces and voices also provide information useful for discriminating
betweenmates based on reproductive potential, then facial and vocal
attractiveness should predict individual differences in indicators of
fecundity, such as trait-level hormonal profiles (Apter & Vihko, 1990;
Baird et al., 1999; Carmina & Lobo, 1999; Landgren et al., 1980;
Lawrence, McGarrigle, Radwanska, & Swyer, 1976; Puts et al., 2013;
van Anders & Watson, 2006), age (Andersen, Wohlfahrt, Christens,
Olsen, & Melbye, 2000; Menken, Trussell, & Larsen, 1986), and body
composition (Ellison, 2003; Frisch, 1987; Grodstein, Goldman, &
Cramer, 1994; Hill & Hurtado, 1996; Veleva et al., 2008).

Women’s reproductive capacity has been negatively linked to their
testosterone (T) levels. In a 13-year longitudinal study of nonclinical
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females originally aged 7–17 years, age-adjusted serum T concentra-
tions before any pregnancies were higher in women who subse-
quently had no pregnancies than in those who became pregnant
(Apter & Vihko, 1990). High T concentrations are also associated with
polycystic ovarian syndrome (PCOS) and anovulatory cycles (Carmina
& Lobo, 1999). Among infertile women, ovulation induction resulted
in a pregnancy rate of 75% in women with simple amenorrhea, but
only 21% in women with PCOS and elevated androgens (Lawrence
et al., 1976). The association between women’s T concentrations and
infertility appears to be due at least in part to menstrual cycle
irregularity, which is negatively related to the likelihood of achieving
pregnancy (Small et al., 2010). Higher T levels predicted menstrual
cycle irregularity in large, nonclinical samples of both normally
cycling and hormonally contracepting premenopausal women (van
Anders & Watson, 2006; Wei, Schmidt, Dwyer, Norman, & Venn,
2009), as well as in adolescent girls (Fernandes et al., 2005).

Masculine facial and vocal characteristics are associated with high
T in men (Dabbs & Mallinger, 1999; Evans, Neave, Wakelin, &
Hamilton, 2008; Penton-Voak & Chen, 2004; Puts, Apicella, &
Cárdenas, 2012). If the same is true of women, then we should see a
negative relationship between women’s T and facial and vocal
attractiveness, since masculine faces and voices tend to be considered
less attractive in women (Feinberg et al., 2008; Jones, Little, Watkins,
Welling, & Debruine, 2011; Perrett et al., 1998; Puts, Barndt, Welling,
Dawood, & Burriss, 2011). Surprisingly, associations between
women’s T levels and their attractiveness have yet to be investigated.

Age is another strong correlate of female reproductive potential.
Women’s fecundity is low in their teens, peaks in their mid-20s, and
gradually declines to zero atmenopause around age 45 (Menken et al.,
1986). Likelihood of miscarriage mirrors this curvilinear pattern, with
the greatest risks experienced by women under 20 or over 35
(Andersen et al., 2000). Men’s mate preferences seemingly track these
trends in female reproductive potential (Buss, 1989; Kenrick & Keefe,
1992). In contrast to fecundity, women’s residual reproductive value
(expected future offspring) peaks at reproductive maturity and
declines thereafter. Correspondingly, researchers have consistently
reported negative associations between female perceived or actual
age and facial attractiveness (Fink, Grammer, & Matts, 2006; Jones &
Hill, 1993; McLellan & McKelvie, 1993), including a study in which
teenage female faces were rated along with young adult and older
adult faces (Röder, Fink, & Jones, 2013). Few researchers have
investigated age and vocal attractiveness, though Collins and Missing
(2003) found that female voices perceived as more youthful were
judged to be more attractive, and Röder et al. (2013) found that the
voices of women aged 19–30 were rated as more attractive than those
of girls aged 11–15 and women aged 50–65.

Body mass index (BMI), defined as body mass (in kg) divided by
height (inm) squared (Tovée, Reinhardt, Emery, & Cornelissen, 1998),
may positively predict female fecundity among foragers (Ellison,
2003; Hill & Hurtado, 1996), where men tend to prefer women with
higher BMIs (Sugiyama, 2004; Wetsman & Marlowe, 1999; Yu &
Shepard, 1998). Men in such populations may utilize body fat as an
indicator of a woman’s energetic reserves available for bearing and
nursing offspring. In industrial populations, where procuring suffi-
cient food is less exigent, both low and high levels of BMI are
associated with decreased female fertility (Grodstein et al., 1994;
Rich-Edwards et al., 1994; Veleva et al., 2008). Men in these
populations tend to prefer women of moderate BMI (Tovée, Hancock,
Mahmoodi, Singleton, & Cornelissen, 2002; Tovée, Maisey, Emery, &
Cornelissen, 1999). Given these context dependencies, BMI should
positively predict facial and vocal attractiveness in foraging societies,
and negatively predict facial and vocal attractiveness in industrial
societies with a high mean BMI. Among Western women, a negative
relationship between BMI and facial attractiveness has been reported
by some studies (Collins & Missing, 2003; Davis, Shuster, Dionne, &
Claridge, 2001; Hume & Montgomerie, 2001), yet others have
reported no significant relationship (Hönekopp, Bartholomé, &
Jansen, 2004; Thornhill & Grammer, 1999). Studies that examine
facial adiposity (a correlate of BMI; Tinlin et al., 2013) provide more
consistent results. Greater facial adiposity has been negatively
associated with facial attractiveness (Coetzee et al., 2012), as well as
indicators of physical and reproductive health (Coetzee, Perrett, &
Stephen, 2009; Coetzee, Re, Perrett, Tiddeman, & Xiao, 2011; Tinlin
et al., 2013). Associations between BMI and vocal attractiveness have
received much less attention, and the few studies on this topic have
producedmixed results (Collins &Missing, 2003; Hughes, Dispenza, &
Gallup, 2004). No study of which we are aware has investigated these
relationships among foragers.

In sum, associations between individual variation in women’s
reproductive potential and their facial and vocal attractiveness are not
well established. Yet, if women’s faces and voices are cues to fecundity
and reproductive value, then T, age, and BMI should predict women’s
facial and vocal attractiveness. Some relevant associations have been
studied insufficiently or not at all, and, where associations have been
explored, results are inconsistent, which have hindered firm conclu-
sions. Moreover, most samples have been drawn from Western
universities. Because such populations are relatively buffered from
environmental stressors, including pathogenic infection and nutri-
tional deficit, the expression of mate quality indicators may be less
variable than in populations leading more traditional lifestyles.

We examined relationships between the indicators of reproduc-
tive potential discussed above (testosterone, age, and BMI) and facial
and vocal attractiveness in women 18 years and older from both
industrial (Study 1) and foraging (Study 2) populations. Specifically,
we predicted thatwomen’s (1) T levels would negatively predict facial
and vocal attractiveness; (2) age would relate negatively linearly and/
or negatively quadratically to attractiveness, with vocal and facial
attractiveness peaking between sexual maturity in the mid-teens
and peak fecundity in the mid-20s; and (3) BMI would relate to facial
and vocal attractiveness negatively in the industrial population and
positively in the foraging population.

2. Study 1: U.S. Sample

2.1. Methods

2.1.1. Participants
Three hundred forty-eight women (194 taking hormonal contra-

ception) participated in this research as part of a larger study
involving siblings. This study was approved by the ethics board at
Michigan State University and is in accord with the Helsinki
Declaration. The mean age (± SD) of the participants was 20.0 ±
1.6 years (range 18–27). Self-reported ethnicities were 92.4 percent
White, 3.0 percent Asian, 1.0 percent Hispanic or Latino, 1.0 percent
Black or African American, 0.3 percent Native Hawaiian or Other
Pacific Islander, 0.5 percent American Indian or Alaska Native, and 1.9
percent Other.

2.1.2. Procedures
Naturally-cycling participants were scheduled for two laboratory

sessions according to self-reported menstrual cycle length and date of
the beginning of the last menstrual bleeding. One session was
scheduled to coincide with participants’ late follicular phase, and
the other was scheduled to occur during the mid-luteal phase,
according to the methods of Puts (2006). Session order was counter-
balanced across participants, and sessions occurred between 1300 h
and 1600 h to minimize any influence of circadian hormonal
fluctuations.

Because cyclic changes in E and P potentially confound relation-
ships between T and attractiveness (Puts et al., 2013), we examined
the influence of T in women taking oral contraception (OC), whose
cyclic hormonal variation is suppressed. To capture diurnal T



Table 1
Summary statistics for university women (Study 1).

N Mean S.D. Range

Age 266 20.03 1.59 18–26
BMI 266 22.95 3.35 16.8–39.5
Height (cm) 266 165.34 6.16 148.0–185.3
Weight (kg) 266 62.90 10.97 39.0–123.1
AM testosterone (pg/ml) 119 20.49 11.92 4.5–67.5
PM testosterone (pg/ml) 113 14.52 7.80 3.0–34.5
Vocal attractiveness 264 3.66 .80 1.7–5.4
Facial attractiveness 259 2.78 .76 1.3–5.0
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fluctuations, we scheduled participants taking OC for both a morning
and an evening session, approximately one week apart, according to
the methods of Puts et al. (2010). OC-using participants were
randomly allocated to attend their first session during the morning
or evening, with their second session taking place at the other time of
day. Morning sessions began between 0820 h and 1000 h, and
evening sessions began between 1720 h and 1900 h.

2.1.3. Saliva collection and hormonal analysis
Participants collected approximately 9 ml of saliva in sodium

azide-treated polystyrene test tubes during both sessions. Contami-
nation of saliva samples was minimized by having participants not
eat, drink (except plain water), smoke, chew gum, or brush their teeth
for 1 h before each session. Participants rinsed their mouths with
water before chewing a piece of sugar-free Trident gum (inert in
salivary hormone assays;Moffat & Hampson, 1996) to stimulate saliva
flow. The tube was capped and left upright at room temperature for
18–24 h to allow mucins to settle. Tubes were then frozen at −20 °C
until analysis by the Neuroendocrinology Assay Laboratory at the
University of Western Ontario, Canada.

We obtained salivary unbound (“free”) testosterone concentra-
tions via radioimmunoassay (RIA). Following a double ether extrac-
tion, all samples were assayed in duplicate using a Coat-A-Count kit
for total testosterone (Diagnostic Products, Los Angeles, CA), modified
for use with saliva. RIAs were performed in two batches, sensitivity
was 5–10 pg/ml, and the average intra-assay coefficient of variation
was 6.3%. Duplicate assay concentrations were highly correlated
(morning: r[163] = .92, evening: r(155) = .84) and were thus
averaged. If a value was below detectable levels for one duplicate,
then the other was used without averaging. This was the case for one
session for two participants.

2.1.4. Data collection
Height was measured from a meter stick affixed to a wall, and

weight was obtained using an electronic scale. Participants were
provided wet wipes and instructed to remove any makeup, jewelry or
glasses and to assume a neutral expression. Facial photographs were
taken with a tripod-mounted Canon PowerShot S10 digital camera at
a distance of approximately 1 m, a height adjusted to the participant,
and standardized lighting conditions. All images were cropped
beneath the chin, normalized on interpupillary distance, and rotated
so that pupils lay on the same horizontal axis.

Participants were also recorded reading an excerpt from a
standard voice passage, the Rainbow Passage (Fairbanks, 1960),
using a Shure SM58 vocal cardioid microphone in an anechoic,
soundproof booth. A curved wire kept the participant’s mouth
approximately 9.5 cm from the microphone. Goldwave software
was used to record voices in mono at a sampling rate of 44,100 Hz
and 16-bit quantization. Recordings were saved as uncompressed
.WAV files.

2.1.5. Face and voice ratings
Face photographs and voice recordings were rated by 568 men

(mean age: 19.4 ± 1.8 years) at Pennsylvania State University. Each
rater assessed one of 30 stimulus sets comprising approximately 25
voice recordings and 25 face photographs. Recordings and photo-
graphs were randomly allocated to a set, with the proviso that only
one recording or photograph per participant be included in each set.
Attractiveness for short- and long-term relationships were rated
separately using 7-point Likert scales (7 = very attractive). The order
in which participants completed the rating tasks (short- vs. long-term
first, faces vs. voices first) was random across participants, as was the
order in which stimuli were presented. Each stimulus set was rated by
≥15 raters (mean = 18.9). The first 15 ratings obtained of each voice
and face stimulus were averaged to produce composite ratings of
short- and long-term attractiveness for each photograph and
recording. The remaining ratings were discarded.

2.1.6. Data treatment
Trait values correlated highly across sessions (weight: r

[243] N .99, height: r[243] = .98) and were thus averaged (Table 1).
Attractiveness ratings also correlated highly across mating contexts
(short- vs. long-term; faces: rs N 0.94, voices: rs N 0.93) and sessions
(faces: rs N 0.71, voices: rs N 0.67) and were therefore averaged.
There was no significant difference in vocal or facial attractiveness
between OC users and non-users (vocal t[262] = − .399, p = .690;
facial t[257] = −1.448, p = .149), so contraceptive status was not
included in regression models. Testosterone levels, which were
positively skewed and thus log-transformed, exhibited the expected
decrease from morning to evening (paired t-test: t[92] = 9.03,
p b .0001) and were correlated between sessions r[93] = .68,
p b .0001), indicating reliability in capturing between-subjects dif-
ferences in T levels.

One-way ANOVAs were conducted to determine if ethnicity
influenced our variables of interest. Tests indicated that the ethnicities
differed significantly in weight (F[7,258] = 2.271, p = .03) and BMI
(F[7,258] = 2.61, p = .01); the African American sample (N = 2)
uniquely differed from other ethnicities on these variables. Therefore,
ethnicity was included as a dichotomous variable (African American/
non-African American) in regression models with weight or BMI as
predictors.

2.1.7. Statistical analysis
We investigated the association of T with facial and vocal

attractiveness among 194 OC-using women from 158 unique sibling
groups (36 sister pairs and 122 singletons) using multilevel modeling.
Multilevel modeling is preferable when observations are not
completely independent of each other (nested structure). Ignoring
such structure leads to underestimation of standard errors. Therefore,
to account for the possibility that sessions within participants were
correlated with each other, we nested sessions within participants. In
addition, because these analyses included siblings recruited as part of
a larger study, we nested participants within sibling pairs to control
for any non-independence of siblings. Testosterone was treated as a
varying (Level 1) predictor of women’s facial and vocal attractiveness.
Within- (Level 1) and between-participants (Level 2) variation in T
levels were assessed separately as predictors of facial and vocal
attractiveness, and time of day (Level 1) was added to these models to
investigate whether T effects reflect attractiveness changes over the
day, independent of T. We did not assess the influence of any sibling
level variables (Level 3) on female attractiveness. Data were analyzed
using random intercept multilevel models (using maximum likeli-
hood estimation), using the nlme package in R (Pinheiro, Bates,
DebRoy, Sarkar, & the R Development Core Team, 2012).

For analyses not involving within-subjects data (i.e., BMI and age;
Table 1), Pearson correlation and multiple regression were used to
facilitate interpretation of effect sizes and comparison across samples.
One sister from each pair was randomly excluded from these analyses
to control for any effects of relatedness. To explore quadratic effects of



Table 2
Summary of multilevel modeling analyses of associations between testosterone (T) and
facial and vocal attractiveness (Att) in university women (Study 1).

Model Outcome Predictor Controls Regression
Weight

SE t p

1 Facial Att T − .51 .15 −3.42 b .0001
2 T Time − .56 .17 −3.39 .001
3 Facial Att T (within) − .48 .23 −2.15 .03
4 T (between) − .63 .25 −2.55 .02

T (within) Time − .46 .29 −1.57 .12
T (between) Time − .63 .25 −2.54 .02

5 Vocal Att T − .16 .15 −1.05 .30
T Time .08 .17 .49 .63

6 Vocal Att T (within) − .41 .21 −1.99 .049
7 T (between) .05 .26 .19 .85

T (within) Time .09 .26 .33 .74
T (between) Time .05 .26 .20 .85

Table 3
Correlations between age, BMI, facial attractiveness and vocal attractiveness among
university women (Study 1).

Age BMI Facial Attractiveness

BMI .20**
Facial Attractiveness − .16* − .43***
Vocal Attractiveness .05 − .15* .17**

Note. *p b .05, **p b .01, ***p b .001.
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age, we entered both age and age2 into our regression models. Age
was centered to reduce collinearity between age and age2. Variance
inflation factors (VIFs) indicated that the regression models were
unlikely to be confounded by multicollinearity.

2.2. Results

2.2.1. Intraclass correlations
Because participants were grouped together as sister pairs for the

purposes of multilevel analyses, we calculated intraclass correlations
to explore how much variance in facial and vocal attractiveness could
be explained by between-subjects and between-sibling pair effects.
Fifty-nine percent of the variance in facial attractiveness was
explained by between-subjects and between-sibling pair effects. Of
the between subjects variance, 32% was attributable to between-
sibling pair effects. With regard to vocal attractiveness, 66% of the
variance could be explained by between-subjects and between-
sibling pair effects, and 0% of the between subjects variance was
attributable to between-sibling pair effects. However, because most
participants did not have a sibling in the samples (and were therefore
considered to be in their own sibling group), the estimates of the
proportion of the between subjects variance attributable to sibling
pair should be interpreted with caution. There is some evidence that
nesting within sibling pairs is useful in the case of the facial
attractiveness models, as one would expect given that previous
studies have shown facial attractiveness to be heritable (e.g., Mitchem
et al., 2013). Regardless, nesting subjects within sibling pairs in
multilevel modeling is a conservative approach; as the sibling
variance approaches 0, the results will increasingly resemble those
from linear regression.

2.2.2. Testosterone and facial attractiveness
We first entered testosterone (T) into a model to predict facial

attractiveness. Its effect was significant (t[114] = −3.42, p b .0001;
n = 189; regression weight = − .51; SE = .15). When session time
(morning or afternoon) was entered into the model, session time was
not statistically significant (t[113] = − .73, p = .47; n = 189; re-
gression weight = .10; SE = .14), but the effect of T remained
significant (t[113] = −3.39, p = .001; n = 189; regression
weight = − .56; SE = .17).

Next, we partitioned T values into between-participants compo-
nents (each participant’s mean T value across sessions) and within-
participants components (for each session, the difference between a
participant’s T for that session and her mean T across sessions) (Puts
et al., 2010). Only participants with data for both sessions (n = 126)
were used. Testosterone was related to facial attractiveness at both
the within-participants (t[114] = −2.15, p = .03; n = 125) and
between-participants (t[20] = −2.55, p = .02; n = 125) levels.
When session time was entered into the model, it was not
statistically significant (t[113] = .12, p = .90; n = 125; regression
weight = .02; SE = .17), nor was the within-participants compo-
nent of T (t[113] = −1.57, p = .12; n = 125; regression
weight = − .46; SE = .29), but the between-participants compo-
nent remained statistically significant (t[20] = −2.54, p = .02;
n = 125; regression weight = − .63; SE = .25; Table 2).

2.2.3. Testosterone and vocal attractiveness
Testosterone was first entered into a model to predict vocal

attractiveness. Its effectwasnot statistically significant (t[121] = −1.05,
p = .30; n = 192; regression weight = − .16; SE = .15). Next, we
partitioned T values into between- and within-participants compo-
nents, as above. T was related to attractiveness only at the within-
participants level (t[121] = −1.99, p = .049; n = 125). When session
type (morning or afternoon) was entered into the model, it was
statistically significant (t[120] = 3.01, p = .003; n =125; regression
weight = .46; SE = .15), but the within-participants component of T
was not (t[120] = .20, p = .85; n =125; regression weight = .05;
SE = .26; Table 2).

2.2.4. Facial attractiveness, age, and BMI
Facial attractiveness correlated negativelywith age (r[259] = − .16,

p = .01) and BMI (r[259] = − .43, p b .0001; Table 3). In a multiple
regression model with age and age2 as predictors (R2 = .03,
F[2,256] = 3.32, p = .04), age significantly predicted facial attrac-
tiveness (β = − .14, t = −2.18, p = .03) while age2 did not
(β = −.03, t = − .48, p = .63). A model with ethnicity, age, BMI,
and BMI2 was significant overall (R2 = .19, F[4,254] = 15.11,
p b .0001), though no individual predictor reached statistical signif-
icance (all ps N .2). In a model with ethnicity, age, and BMI as
predictors (R2 =.19, F[3,255] = 20.19, p b .0001), BMI significantly
predicted facial attractiveness (β = − .41, t = −7.04, p b .0001)
while ethnicity (β = .07, t = 1.25, p = .21) and age (β = − .08,
t = −1.33, p =.19) did not. Because women with particularly high
BMIs might have disproportionately influenced the association
between BMI and facial attractiveness, we checked for the presence
of influential observations by measuring the leverage and Cook’s
distance of each observation (values N 1 are considered influential;
Cook & Weisberg, 1982). No outliers were detected.

Because the use of ratio variables in regression equations can
lead to a loss of information regarding the individual components
of the ratio (Kronmal, 1993), the components of BMI (height and
weight) were included separately in a regression model to assess
their independent associations with facial attractiveness. A model
with ethnicity, age, height, and weight as predictors of facial
attractiveness (R2 = .19, F[4,254] = 15.16, p b .0001) showed
weight (β = − .46, t = −6.89, p b .0001) to be the main driver
of the association, though height was a significant predictor as
well (β = .15, t = 2.29, p = .02; Table 4).

2.2.5. Vocal attractiveness, age, and BMI
Vocal attractiveness correlatednegativelywithBMI (r[264] = − .15,

p = .02), but not age (r[264] = .05, p = .45). A multiple regression
model with ethnicity, age, age2, BMI, and BMI2 was significant overall



Table 4
Summary of key multiple linear regression models of facial and vocal attractiveness for
university women (Study 1).

Outcome Predictors β t p R2

Facial Attractiveness* age − .14 −2.18 .03 .03
age2 − .03 − .48 .63

Facial Attractiveness**** ethnicity .07 1.25 .21 .19
age − .08 −1.33 .19
BMI − .41 7.04 .0001

Facial Attractiveness**** ethnicity .07 1.29 .20 .19
age − .07 −1.28 .20
height .15 2.29 .02
weight − .46 −6.89 .0001

Vocal Attractiveness** ethnicity .17 2.80 .006 .06
age .07 1.20 .23
BMI − .14 −2.22 .03

Vocal Attractiveness*** ethnicity .16 2.70 .007 .08
age .08 1.24 .22
height − .09 −1.31 .19
weight − .14 −1.92 .056

Note. Overall model *p b .05, **p b .01, ***p b .001, ****p b .0001.

Table 5
Summary statistics for Hadza women (Study 2).

N Mean S.D. Range

Age 53 32.21 9.09 18–53
BMI 53 20.16 2.01 16.8–25.8
Height (cm) 53 150.62 6.15 140.0–174.5
Weight (kg) 53 45.86 6.41 34.6–64.3
Vocal attractiveness 53 3.50 .57 2.2–4.8
Facial attractiveness 48 4.64 1.37 2.2–7.2

Table 6
Correlations between age, BMI, facial attractiveness and vocal attractiveness among
Hadza women (Study 2).

Age BMI Facial Attractiveness

BMI .07
Facial Attractiveness − .31* − .06
Vocal Attractiveness − .38** .06 .31*

Note. *p b .05, **p b .01.
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(R2 = .06, F[5,258] = 3.31, p = .006), though ethnicity was the only
significant predictor (β = .173, t = 2.83, p = .005; all other ps N .4). In
amodelwith ethnicity, age, and BMI aspredictors of vocal attractiveness
(R2 = .06, F[3,260] = 5.21, p =.002), ethnicity (β = .17, t = 2.80,
p = .006) and BMI (β = − .14, t = −2.22, p = .03) were significant
predictors, but age was not (β = .07, t = 1.20, p = .23). As above, we
checked for the presence of influential observations in our model by
measuring the leverage and Cook’s distance of each observation. Again,
no outliers were detected. We then included the components of BMI
separately in a regression model to assess their individual associations
with vocal attractiveness. In a model with ethnicity, age, height, and
weight as predictors (R2 = .08, F[4,259] = 5.48, p b .001), ethnicity
(β = .16, t = 2.70, p = .007) was a significant predictor, weight
(β = − .14, t = −1.92, p = .056)was amarginally significant predictor,
and age (β = .08, t = 1.24, p = .22) and height (β = − .09, t = −1.31,
p =.22) were nonsignificant. Table 4 summarizes these models.

3. Study 2: Hadza sample

3.1. Methods

3.1.1. Participants
The Hadza, a fulltime hunter–gatherer group, live in remote

savannah-woodland areas around Lake Eyasi in northern Tanzania.
They subsist on game hunted with bow and arrow and foraged foods
such as berries, baobab fruit, honey, and tubers. They are approxi-
mately 1000 in number and live in camps of about 30 individuals.
Fifty-three women from eight camps participated. This study was
approved by the ethics board at Harvard University and is in accord
with the Helsinki Declaration.

3.1.2. Data collection
Height was measured with a portable stadiometer, and weight

was obtained using an electronic scale (Tanita Ultimate Scale
2000). Full body photographs were taken of participants dressed in
black leotards, and photos were printed and cropped at the level of
the chest so that shoulders and neck were visible as well as the
face. Participants were also audio recorded inside a Land Rover
speaking the word “hujambo,” which roughly translates as “hello”
in English, with a Seinnheiser MKH-60 microphone. Recordings
were encoded directly onto computer hard disk in mono using
Sonic Foundry’s SOUND FORGE at 44,100 Hz sampling rate and
16-bit quantization and saved as uncompressed .WAV files. The
Tanzanian government did not grant permission for exporting saliva
samples for T assays.
3.1.3. Face and voice ratings
Each facial photograph was judged by an average of 15 Hadza men

unfamiliar with the participants. Printed photos of participants were
shuffled and placed on the ground in groups of ten. Men were then
asked to rank the photographs in order of attractiveness (least
attractive = 1). Once the first set of photographs was ranked, another
set was presented, and the process continued until every participant
had been ranked. Each participant’s scores were averaged to give an
overall measure of attractiveness.

Each voice recording was rated by 29 men (mean age: 19.4 ±
1.4 years) at Pennsylvania State University. Using 7-point Likert
scales, men rated each voice on attractiveness for short- and long-
term relationships. The order in which participants completed these
two rating tasks was random across participants, as was the order in
which stimuli were presented. Ratings were averaged across raters to
produce a measure of short- and long-term vocal attractiveness for
each participant.

3.1.4. Data treatment and analysis
Because short-term attractiveness and long-term vocal attractive-

ness were highly correlated (r[51] = .78), they were averaged to
create a composite measure of vocal attractiveness (Table 5). Age
(Table 5) was log-transformed to correct skew and centered to reduce
collinearity between age and age2. As in Study 1, Pearson correlation
and multiple regression were used to explore relationships between
facial and vocal attractiveness, age and BMI. VIFs indicated that
multicollinearity did not confound regression models.

3.2. Results

3.2.1. Facial attractiveness, age, and BMI
Facial attractiveness (Table 5) significantly negatively correlated

with age (r[48] = − .31, p = .031), but not BMI (r[48] = − .06, p =
.713; Table 6). In a regression model with age and age2 as predictors
(R2 = .14, F[2,45] = 3.76, p = .03), age was a significant predictor
(β = − .36, t = −2.59, p = .01), but age2 was not (β = − .18,
t = − 1.28, p = .21). A model with BMI (Table 5), age, and age2 as
predictors failed to achieve significance (R2 = .14, F[3,44] = 2.46, p =
.08), as did a model that included BMI2 as a fourth variable (R2 = .15,
F[4,43] =1.95, p = .12). These models are summarized in Table 7.

3.2.2. Vocal attractiveness, age, and BMI
Agewas significantly negatively correlatedwith vocal attractiveness

(r[53] = − .43, p = .001, Table 6), but BMI was not (r[53] = .06,
p = .68; Table 6). In amodel with age and age2 as predictors (R2 = .30,
F[2,50] = 10.75, p = .0001), both age (β = − .32, t = −2.53, p = .02)



Table 7
Summary of key multiple linear regression models of facial and vocal attractiveness for
Hadza women (Study 2).

Outcome Predictors β t p R2

Facial Attractiveness* age − .36 −2.59 .01 .14
age2 − .18 −1.28 .21

Facial Attractiveness age − .34 −2.33 .03 .15
age2 − .18 −1.28 .21
BMI 1.55 .69 .49
BMI2 −1.58 − .70 .49

Vocal Attractiveness*** age − .32 −2.53 .02 .30
age2 − .36 −2.88 .006

Vocal Attractiveness** age − .33 −2.54 .01 .31
age2 − .35 −2.72 .009
BMI − .56 − .29 .78
BMI2 .63 .32 .75

Note. Overall model *p b .05, **p = .001, ***p = .0001.

269J.R. Wheatley et al. / Evolution and Human Behavior 35 (2014) 264–271
and age2 (β = − .36, t = −2.88, p = .006) were significant predictors
(Fig. 1). In a model with age, age2 and BMI as predictors (R2 = .31,
F[3,49] = 7.184, p b .001), age (β = − .32, t = −2.55, p = .01) and
age2 (β = − .36, t = −2.83, p = .007) significantly predicted vocal
attractiveness, but BMI did not (β = .07, t = .59, p = .56). A model
that included BMI2 as a fourth predictor produced similar results
(R2 = .31, F[4,48] = 5.32, p = .001), with age (β = − .33, t = −2.54,
p =.01) and age2 (β = − .35, t = −2.72, p = .009) significantly
predicting vocal attractiveness, though BMI (β = − .56, t = − .29,
p = .78) and BMI2 (β = .63, t = .32, p = .75) did not (Table 7).

4. Discussion

Prior research suggests thatmen prefer the physical characteristics
of women with high reproductive potential; however, this research is
sparse, and results are mixed and limited to Western samples. We
therefore investigated the associations of facial and vocal attractive-
ness with three putative indicators of reproductive potential:
testosterone (T), body mass index (BMI), and age. This study is the
first to utilize data from both industrial and foraging populations to
explore such relationships.

Consistent with results of previous findings (Collins & Missing,
2003), facial attractiveness and vocal attractiveness were significantly
positively correlated within a sample of U.S. university students and a
sample of Tanzanian foragers. This provides further evidence that
facial attractiveness and vocal attractiveness are influenced by
common underlying aspects of mate quality and may therefore
Fig. 1. Vocal attractiveness peaks at approximately 26 years of age among Hadzawomen.
provide convergent cues to female reproductive potential (Feinberg
et al., 2005). However, women’s faces and voices also appear to
convey some unique information about mate quality: Correlations
between facial and vocal attractiveness were modest (r = .2-.3), and
facial and vocal attractiveness differed in their associations with
measures of mate quality.

For example, individual differences in T levels predicted facial
attractiveness, but not vocal attractiveness. The negative associations
of T with facial attractiveness on the one hand, and fecundity (Apter &
Vihko, 1990; Carmina & Lobo, 1999; Lawrence et al., 1976) and regular
menstrual cycles (Fernandes et al., 2005; van Anders &Watson, 2006;
Wei et al., 2009) on the other, may partly explain the importance of
female facial attractiveness in men’s mate choices. We note here that
T concentrations were previously associated with menstrual cycle
irregularity in a sample of women using hormonal contraception with
T levels of comparable mean (13.6 vs. 14.5 pg/ml) and variance
(S.D. = 6.1 vs. 7.8 pg/ml; van Anders & Watson, 2006) to our sample.

Testosterone concentrations have also been positively related to
sexual motivation in lactating women (Alder, Cook, Davidson,West, &
Bancroft, 1986), and T treatment improved sexual function in middle-
aged women (mean age: 40 years) with low libido (Goldstat, Briganti,
Tran, Wolfe, & Davis, 2003), and in women aged 31–56 years with
impaired sexual function following removal of the ovaries (Shifren
et al., 2000). However, in nonclinical, non-lactating young women, T
concentrations appear to be unrelated to sexual interest (Edelstein,
Chopik, & Kean, 2011; Roney & Simmons, 2013) or sexual behavior
(Apter & Vihko, 1990). Moreover, if a relationship between T and
sexual motivation exists, it might suggest that T would be positively
related to attractiveness—the opposite of what we observed. The
negative relationship between T and facial attractiveness is thus more
likely to reflect male adaptations for recruiting highly fecund mates
than for targeting sexually interested women.

Both facial attractiveness and vocal attractiveness were related to
state (within-participant) T levels. Although these relationships became
non-significant with session type included in the statistical models, this
does not indicate that within-individual changes in attractiveness were
uninfluenced by T. Given that T levels covariedwith session type, T may
have been the causal mechanism driving diurnal changes in attractive-
ness. The evidence for this was stronger in the case of facial
attractiveness, as the effect of time of day also became non-significant
with T included in the model, suggesting that T mediated the effect of
time of day. Experimentalmanipulation of T levelsmay allow the effects
of T and timeof day to be disentangled in future research. Because of the
observational nature of the current study, we are unable to determine
whether T, time of day, or a third variable related to both (e.g., cortisol;
Aedo, Landgren, & Diczfalusy, 1981) most strongly influenced facial or
vocal attractiveness within individuals.

The associations that we found between attractiveness and age
also suggest that women’s faces and voices are at least partly non-
redundant cues to reproductive potential. Younger women had more
attractive faces in both the U.S. and Hadza samples, and more
attractive voices in the Hadza sample. Age was also curvilinearly
related to vocal attractiveness in Hadza women, with peak attrac-
tiveness in the mid-twenties. (The narrow age range of participants
likely hindered our ability to detect any curvilinear relationship in the
U.S. sample.) These results closely parallel those of Röder et al. (2013),
who found in a German sample that facial attractiveness decreased
with age from around puberty. In contrast, vocal attractiveness in the
Röder et al. study peaked in early adulthood (19–30), was lower
around puberty, and was still lower around menopause. Although
faces and voices likely provide information about both residual
reproductive value and current fecundity, these age trends suggest
that women’s voices provide relatively greater information about
current fecundity, which peaks in the mid-twenties (Andersen et al.,
2000; Menken et al., 1986), whereas women’s faces provide relatively
greater information about residual reproductive value, which peaks at
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sexual maturity (see also Puts, Jones, & DeBruine, 2012). In support of
the latter hypothesis, Confer, Perilloux, and Buss (2010) found that
men more often chose to view women’s faces than their bodies when
asked to evaluate the women’s attractiveness for a long-term
relationship vs. a short-term relationship.

Of course, age can influence mate choice at the proximate level
only because it has perceptible phenotypic correlates. In our
university sample, age positively predicted BMI, and with BMI
statistically controlled, age no longer significantly predicted facial
attractiveness. Though BMI also has its own independent influence on
reproductive capability and fecundity, (Grodstein et al., 1994; Lake,
Power, & Cole, 1997; Veleva et al., 2008; Zaadstra et al., 1993), this
result supports the interpretation that facial adiposity provides
important cues to age-related changes in reproductive capability
(Coetzee et al., 2009; Coetzee et al., 2011; Tinlin et al., 2013). In fact, a
lower BMI predicted greater facial and vocal attractiveness in this
sample. When BMI was deconstructed into its constituent variables,
weight was the main driver of these associations, a result consistent
with our predictions and previous research (Coetzee, Chen, Perrett, &
Stephen, 2010; Davis et al., 2001; Hume & Montgomerie, 2001; Tovée
et al., 1999; Tovée et al., 2002).

However, BMI and weight were uncorrelated with facial and vocal
attractiveness among Hadza women. The lack of a significant
association may reflect the smaller sample and narrower range of
BMI values (16.8–25.8) compared to our university sample (16.8–
39.5; Levine’s test for homogeneity: F[1,317] = 4.24, p = .04).
Indeed, when we reduced the range of BMI values in the university
sample to that of the Hadza sample and randomly selected a sample of
equal size, the correlationsof BMIwith facial attractiveness (r[53] = − .17,
p = .235) and vocal attractiveness (r[53] = .04, p =.765) were no
longer statistically significant. It is also possible that BMI has a stronger
influence on attractiveness in industrial populations, where overweight
individuals are stigmatized (Puhl & Heuer, 2009).

One potential concern is that we measured T only in participants
whowere taking OC, and that the observed relationshipswith T reflect
effects of OC. We believe this is unlikely. While OC use lowers free
(bioavailable) T, it does so to a similar degree across OC types (van der
Vange, Blankenstein, Kloosterboer, Haspels, & Thijssen, 1990), partic-
ularly after the first cycle of use (Wiegratz et al., 2003). Furthermore,
the restricted range of T levels in women taking OC should, if anything,
weaken associations between T and attractiveness rather than
artificially inflating them. Likewise, any direct effects of differences
in estradiol and progesterone dosage across OC types would represent
statistical noise, which should also weaken relationships with T.
Although the observed relationships between T and attractiveness are
not likely to reflect effects of OC, we reasoned that it may be easier to
detect relationships with T in OC-using women due to suppression of
cyclic fluctuations in progesterone and estradiol.

Another potential concern is that, while Hadza women’s facial
attractiveness was rated by Hadza men, their vocal attractiveness was
rated by U.S. university men. Although this limitation should be
acknowledged, and future research should explore male voice prefer-
ences among the Hadza and other traditional societies, previous research
indicates general agreement in men’s vocal preferences across societies.
For example, both U.S. university men (Puts et al., 2011) and Hadza men
(Apicella & Feinberg, 2009) prefer higher-pitched voices in women.

4.1. Summary

Our results suggest that variables affecting women’s reproductive
potential are associatedwith facial and vocal attractiveness, and thus that
women’s faces and voices are cues to underlying mate quality (Feinberg,
2008; Feinberg et al., 2005). Trait T levels, a direct determinant of
reproductive physiology, strongly predicted perceptions of facial attrac-
tiveness, and there was some evidence of a within-subjects effect of
changes in T on both facial and vocal attractiveness. To our knowledge,
this is thefirst study to report relationshipsbetweenwomen’s T levels and
their facial or vocal attractiveness. Age, another variable with global and
well-specified effects on reproductive physiology, negatively predicted
facial attractiveness in both samples and curvilinearly predicted vocal
attractiveness amongHadzawomen,with vocal attractiveness peaking in
the mid-twenties. These relationships with age suggest that women’s
faces provide relatively more information about residual reproductive
value, whereas women’s voices provide relatively greater information
about fecundity. BMI significantly predicted perceptions of both facial and
vocal attractiveness inouruniversity sample, butnot inourHadza sample,
probably due to reduced sample size and BMI range in the traditional
sample. Taken together, these data suggest thatwomen’s faces and voices
convey information about both common and unique components of
reproductive potential.
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