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Abstract. Previous studies have demonstrated that men prefer women's voices with relatively
high pitch to those with low pitch, suggesting that men may use voice pitch as a cue of women’s
mate quality. However, evidence that voice pitch is a cue to women’s long-term health is equivo-
cal. Here we present evidence that women'’s average speaking voice pitch is negatively correlated
with a health risk index derived from principle component analysis of various body measurements
that are known to predict long-term health outcomes in women (weight, body mass index, per-
centage body fat, waist and hip circumference, and waist-hip ratio). Our results suggest that voice
pitch is a cue to women’s long-term health, supporting mate-choice accounts of men's prefer-
ences for raised pitch in women’s voices.
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INTRODUCTION

Many studies have demonstrated that vocal characteristics influence mate prefer-
ences and choices in a wide range of non-human mammals (for a recent review see
TAYLOR and REBY 2009). Such findings have led researchers to investigate the ef-
fects of vocal characteristics on attractiveness judgments in humans (for reviews see
FEINBERG 2008 and JONES et al. 2010). Source-filter models of vocal production
(FANT 1960; see adso TAYLOR and REBY 2009) propose that vocalizations are the
product of an independent sound source (i.e., vocal-fold vibration) and filter (i.e.,
vocal-tract resonances). Vocal fundamental frequency, which is perceived as voice
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pitch, reflects the rate of vocal-fold vibration (TITZE 1994) and is negatively corre-
lated with testosterone levelsin men (T1TzE 1994) and positively correlated with es-
trogen levels in women (ABITBOL et a. 1999; FEINBERG et al. 2006). Since cues of
hormone levels are thought to be particularly important for attractiveness in humans
(e.g., MILLER and TobD 1998), much of the research on human vocal attractiveness
has investigated the relationship between voice pitch and attractiveness (APICELLA
and FEINBERG 2009; CoLLINS and MISSING 2003; FEINBERG et a. 2005, 2008;
JONES €t al. 2008).

Recent research has emphasized the importance of voice pitch for women's
vocal attractiveness (e.g., APICELLA and FEINBERG 2009; COLLINS and MISSING
2003; FEINBERG et a. 2005, 2008; JONES €t al. 2008). For example, COLLINS and
MIsSING (2003) and FEINBERG €t al. (2008) reported positive correlations between
voice pitch measurements taken from recordings of women’s voices and attractive-
ness ratings of these voice recordings. Moreover, APICELLA and FEINBERG (2009),
FEINBERG et a. (2008) and JONES et a. (2008) each found that men preferred ver-
sions of women'’s voices in which pitch had been raised to versions in which voice
pitch had been lowered. These latter findings demonstrate that speaking voice pitch
is an acoustic cue to women's attractiveness (APICELLA and FEINBERG 2009;
FEINBERG et al. 2008; JONES et a. 2008; JONES et a. 2010). That men show
stronger preferences for raised pitch in women’s voices than women do (FEINBERG
et a. 2008; JONES et al. 2008; JONES et a. 2010) raises the possibility that voice
pitch may be a cue to women’s mate quality (i.e., their long-term health). Indeed,
indices of long-term health predict women’s facia attractiveness (HENDERSON and
ANGLIN 2003; HUME and MONTGOMERIE 2001; LAW SMITH et a. 2006), which is
also correlated with women’s voice pitch (FEINBERG et al. 2005). Moreover, estro-
gen levels are correlated with both women's voice pitch (ABITBOL et al. 1999;
FEINBERG et al. 2006) and long-term health (see LAW SMITH et al. 2006).

Mate choice accounts of attractiveness judgments predict correlations between
attractive cues and indices of long-term health, and many researchers have noted the
importance of testing for such correlations (e.g., HENDERSON and ANGLIN 2003;
KALICK et a. 1998; LAW SMITH et al. 2006; RHODES €t al. 2001; THORNHILL and
GANGESTAD 2006). While HUGHES et a. (2002, 2004, 2008) observed positive cor-
relations between attractiveness ratings of women’s voices and indices of women's
long-term health (e.g., low waist-hip ratio and high body symmetry, LEIBEL €t al.
1989; THORNHILL and GANGESTAD 2006), evidence that voice pitch specifically is
correlated with indices of women's long-term health is equivocal. For example,
HUGHES et al. (2008) observed no significant relationship between body symmetry
and women’s voice pitch. By contrast, COLLINS and MISSING (2003) reported a
negative correlation between women’s voice pitch and a body measurement factor
that was derived from various body measurements, many of which are known to be
good predictors of long-term health in women (e.g., body mass index, weight, hip
and waist circumference, BIGAARD et al. 2004; FINE et al. 1999; MANSON et al.
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1995; WILLET et al. 1995). This correlation was observed in a relatively small sam-
ple of women, however (N = 30).

In light of the above, we investigated the relationship between women's aver-
age voice pitch and a health risk index that was derived from a variety of different
body measurements for which high values are known to predict poor long-term
health outcomes in women; weight (FINE et al. 1999), body mass index (MANSON et
a. 1995; WILLET et a. 1995), waist-hip ratio (LEIBEL et al. 1989), waist and hip
circumference (BIGAARD et a. 2004), and percentage body fat estimated from bio-
electrical impedance (ROUBENOFF et al. 1998). We predicted that women with rela-
tively high speaking voice pitch would be more likely to possess physical traits as-
sociated with good long-term health than women with relatively low speaking voice
pitch.

METHODS
Participants

Participants were 109 female undergraduate students at the University of Aberdeen.
Participants took part in the study in return for course credit. The mean age for the
sample was 19.89 years (SD = 1.92 years). All participants were between 17 and 26
years of age. Ninety percent of our participants were White.

Body measurements

Height (M = 165cm, SD = 6.44cm), weight (M = 67.71kg, SD = 9.63kg), waist cir-
cumference (M = 73.52cm, SD = 7.07cm), and hip circumference (M = 98.53cm,
D = 6.67cm) were measured from each participant. Following HUGHES et al.
(2004), waist circumference was measured at the narrowest point between the rib
cage and iliac crest and hip circumference was measured at the widest point be-
tween the waist and thigh. Percentage body fat, estimated from bioelectrical imped-
ance, was also measured from each participant using an Omron Body Fat Monitor
(M = 32.22%, SD = 5.40%). Body mass index and waist-hip ratio was calculated
from each participant’s height and weight (body mass index: M = 22.91kg/m?, SD =
3.11kg/m?). Waist-hip ratio was calculated from each participant’s waist and hip
circumferences (waist-hip ratio: M = 0.75, SD = 0.05).

Voicerecordings and acoustic analyses
Voices were recorded in a quiet room using Praat recording software in mono at a
sampling rate of 44.1 kHz at 16-bit amplitude quantization. In one of the voice re-

cordings, women were instructed to say “Hi, I’'m a student at the University of Ab-
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erdeen” in their normal speaking voice. In the second voice recording, women were
instructed to say the vowel sounds “eh” asin bet, “e€” asin seg, “ah” asin father,
“oh” as in note, and “00” as in boot in their normal speaking voice. In the third
voice recording, women were instructed to read the passage “When the sunlight
strikes raindrops in the air, they act as a prism and form arainbow” in their normal
speaking voice. These three types of voice recording have been used to assess voice
pitch in previous studies (BRYANT and HASELTON 2009; COLLINS and MISSING
2003; FEINBERG €t a. 2008; PuTs et a. 2006). Following Feinberg et al. (20053,
2008a), fundamental frequency was measured using Praat’s (BOERSMA and WEEN-
INK 2007) autocorrelation function with input parameters set at 100Hz to 600Hz.
Acoustic measurements were conducted at 11.025 kHz sampling rate to increase
frequency resolution. Mean voice pitch for the ‘Hi’ statement was 209.68Hz (SD =
19.03Hz), for recordings of vowel sounds was 207.61Hz (SD = 23.56Hz), and for
the rainbow passage was 209.47Hz (SD = 17.31Hz).

Since some of these variables were not normally distributed, pitch measure-
ments were analyzed using nonparametric tests. Inter-correlations among the three
different measures of women'’s voice pitch were high (all rs> .67, al p < .001) and
there were no significant differences among these measures (Chi-square = .22, df =
2, p = .90). Conseguently, we calculated the mean voice pitch for each woman by
averaging values across her three voice recordings (M = 208.92Hz, SD = 17.96H2).
These mean pitch values were used in subsequent analyses.

RESULTS

The body measurement data (weight, height, waist circumference, hip circumfer-
ence, body massindex, percentage body fat, and waist-hip ratio) were first analyzed
using principal component analysis. This analysis produced a first factor that ex-
plained 61.5% of the variance in body measurements and had an eigenvalue of 4.30.
High scores on this factor indicated high body weight, high percentage body fat,
high body mass index, high waist circumference, high hip circumference, and high
waist-hip ratio. We labelled this factor the health risk index. Table 1 shows the
component matrix for this analysis.

Table 1. Component matrix for principle component analysis of body measurements. The health
risk index explained 61.5% of the variance in scores and had an eigenvalue of 4.30

Body measur ement Health risk index
Weight .93
Percentage body fat .79
Body mass index .95
Waist circumference .94
Hip circumference .86
Waist-hip ratio 49
Height .21
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Since average voice pitch was not normally distributed, nonparametric tests
are reported for al correlations. As we had predicted, there was a significant nega-
tive correlation between women's average voice pitch (i.e., the mean voice pitch
across al three types of voice recording) and the health risk index (rs = —.19,
N = 109, p = .045). This correlation is shown in Figure 1. There were no significant
correlations between participant age and scores on the health risk index (rs= .11,
N = 109, p = .25) or between participant age and average voice pitch (rs= —-17,
N =109, p = .08).
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Figure 1. The significant correlation between average voice pitch and the health risk index
(rs=—19, N =109, p = .045)

Analyses considering each body measurement individually indicated that aver-
age voice pitch was negatively correlated with women's weight (rs=—.25, N = 1009,
p =.008), body massindex (rs=-.19, N =109, p = .043) and hip circumference (rs=
—21,N =109, p = .028). By contrast, the relationships between average voice pitch
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and women'’s waist circumference (rs=—-.13, N = 109, p = .17), percentage body fat
(rs=—14,N =109, p = .15), waist-hip ratio (rs= .03, N = 109, p = .75), and height
(rs=—14, N =109, p = .14) were not significant.

DISCUSSION

We observed a negative correlation between women’s voice pitch and a health risk
index that was derived from various body measures that are known to predict long-
term health outcomes in women (weight, body mass index, waist-hip ratio, waist
and hip circumference, and percentage body fat estimated from bioelectrical imped-
ance). This correlation suggests that women with high voice pitch are less likely to
possess physical characteristics associated with poor long-term health outcomes
than are women with relatively low voice pitch. Weight, body mass index and hip
circumference were each significantly and negatively correlated with women’s av-
erage voice pitch. These findings suggest that voice pitch is positively associated
with indices of women’s long-term health.

Previous findings for the relationship between women’'s average voice pitch
and indices of long-term health have been mixed (CoLLINS and MISSING 2003;
HUGHES et al. 2008). In our study, we observed a negative correlation between
health risk factors and women’s average voice pitch that is consistent with the rela-
tionship between a similar factor derived from weight, body mass index, waist cir-
cumference and hip circumference in COLLINS and MISSING (2003). FEINBERG et
a. (2005) have previoudly found that women'’s voice pitch and facia attractiveness
are positively correlated and proposed that average voice pitch and facia attractive-
ness may signal a common underlying quality in women. Our findings then suggest
that this common underlying quality may be long-term health. Consistent with this
proposal, HUME and MONTGOMERIE (2001) have previously reported negative cor-
relations between women'’s facial attractiveness and both body mass index and fre-
quency of past health problems, while other studies have reported similar correla-
tions between facia attractiveness and other indices of women’s long-term health
(HENDERSON and ANGLIN 2003; LAW SMITH et al. 2006).

The mechanisms through which the negative correlation between average
speaking voice pitch and health risk factors emerges among women are unclear.
One possibility is that the vocal apparatus of women with large bodies produces
lower pitched vocalizations (COLLINS and MISSING 2003). Thus, the significant re-
lationships observed in the current study may reflect a correlation between body
size and voice pitch. However, this explanation is unlikely since severa studies
have found that height, a direct measure of body size, is not correlated with voice
pitch in humans (see, e.g., APICELLA and FEINBERG 2009; EVANS et a. 2006; GON-
ZALEZ 2007; GRADDOL and SWANN 1983; KUNZzEL 1993). Similarly, height was not
related to voice pitch in our sample and body size is not associated with pitch in
other primate species, such as rhesus macaques (e.g., FITCH 1997), or other non-
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human mammals, such as red deer (e.g., REBY and McComB 2003). A more plausi-
ble mechanism is that between-subjects variation in hormone levd s affects both vo-
cal characteristics and other physical characteristics that are related to health risk
factors in similar ways (see, e.g., FEINBERG et al. 2005). Indeed, previous studies
have found that both voice pitch and long-term health are correlated with women's
estrogen levels (ABITBOL et al. 1999; FEINBERG et al. 2006; LAW SMITH €t al.
2006). These, and other possibilities, are important topics for future research. It is
important to note here, however, that, regardless of the mechanisms through which
the relationship emerges, our findings suggest that voice pitch in women is associ-
ated with physical characteristics that are health risk factors and that voice pitch
may, therefore, provide useful information about women’s long-term health. An ad-
ditional issue for future research is whether the association between indices of long-
term health and voice pitch apparent in our sample of young adult women (see also
CoLLINS and MISSING 2003) also occurs in samples of older women or samples
with awider age range.

Previous studies have shown that men demonstrate strong preferences for both
women'’s voices with experimentally raised pitch (FEINBERG et a. 2008; JONES et
a. 2008; JONES et al. 2010) and women'’ s voices with naturally high pitch (COLLINS
and MISSING 2003; FEINBERG et a. 2005, 2008). Our findings suggest that such
preferences may occur, at least partly, because voice pitch is positively correlated
with indices of good long-term health in women. Although the relationship between
health risk factors and average voice pitch among women appears to be relatively
weak, many researchers have emphasized that even weak associations between at-
tractive cues and long-term health may be important for reproductive success when
the benefits are considered across multiple generations (see, e.g., GEARY 2005).
Thus, our findings add to growing evidence that attractive characteristics in women
are associated with indices of their long-term health (see aso, e.g., GANGESTAD and
THORNHILL 2006; HENDERSON and ANGLIN 2003; HUME and MONTGOMERIE
2001; LAW SMITH et a. 2006).
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